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RESUMEN

Introduccién: Las inmunoterapias (ICl) han revolucionado los protocolos terapéuticos
de la mayoria de canceres pero muchos pacientes contindan sin beneficiarse de ellas.

Es obligatorio mejorar la seleccion de candidatos a ICI.

Métodos: las muestras de sangre fueron recogidas en el ciclo 1 (C1D1), en el ciclo 2
(C2D1) y en cada evaluacion de respuesta tumoral hasta observar una progresion
tumoral (PD). La historia médica electronica fue revisada para recoger todos la
informacion clinica relevante y los resultados de las analiticas realizadas por practica
habitual. Los scores prondsticos conocidos fueron calculados previos al inicio del
tratamiento (LNR: lymphocyte neutrophil ratio. dNLR: derive neutrophil lymphocyte ratio.
LIPI: lung immune prognosis index. RMH: Royal Marsden Hospital score. PMH: Princess
Margaret Hospital score. GRIm: Gustave Roussy Immune Score. PIPO: Phase |
Prognostic Online score). Una vez que habiamos selecionado el major score,
analizamos su asociacién al C1D1, C2D1 y sus dinamicas entre ambos con la
supervivencia global (OS) y la progresion libre de enfermedad (PFS). El estado de PDLA1
se recogi6 de la historia clinica. Las muestras de archivo previas a recibir la ICI fueron
recogidas para analizar los linfocitos infiltrantes de tumor (TILs) y los niveles de PD1
mMRNA. Las evaluaciones tumorales se revisaron centralmente por criterios RECIST 1.1
/ RANO. Las asociaciones con las tasas de respuesta global (ORR), el beneficio de
control de enfermedad (DCB), el beneficio clinico duradero, la PFS y la OS fueron
estudiadas mediante regresiones logisticas o de Cox univariables/multivariables cuando
procedia. Kapplan Meier curves, ANOVA, comparaciones de pares, regresiones
logisticas o de Cox, hazard ratios (HR), odd ratios (OR), y areas bajo la curva (AUC),

fueron realizadas cuando aplicaba.

Objetivos: El objetivo primario fue el analisis de la relacion de las subpoblaciones

linfocitarias de forma seriada como biomarcador de respuesta o resistencia a la ICI.

Los objetivos secundarios incluyen el estudio de 1) la correlacion de los factores
clinicopatolégicos basales con las respuestas y la supervivencia en una poblacion
multitumor tratada con ICI, 2) el papel de los niveles de PD1 mRNA, PD-L1 y TILs como
predictor de respuesta o resistencia a ICIl y 3) la correlacion de los scores prondsticos

publicados con los resultados del tratamiento con ICI.

Resultados: se reclutaron 173 adultos diagnosticados de tumores sélidos que eran
candidatos a tratamiento con ICI. Tras una media de seguimiento de 38,3 meses
(95%CI: 36.1-58.6), PFS media de 2.5 months (95%Cl: 2.0-3.7), OS media de 13.3

meses (95%Cl: 9.9-17.4), con progresiones o muertes rapidas (<4 meses desde el inicio



del ICI) en el 60.7% (95%CI: 53.0%-68.0%) de los casos y una ORR de 16.8% (95%Cl:
11.5%-23.2%). Los niveles de la subpoblacién linfocitaria CD3+CD4+PD1+ se asocio
con menores ORR (C1D1: OR 0.93, 95%CI: 0.88-0.99, p=0.01; C2D1: OR 0.94, 95%
Cl: 0.89-1.00, p=0.04), DCB (C1D1: OR 0.93, 95%CI: 0.88-0.99, p=0.01; C2D1: OR
0.94, 95% CI: 0.89-1.00, p=0.04) y PFS (C1D1: HR=1.03, 1.01 — 1.05, p=0.01; C2D1:
HR=1.03, 1.00 — 1.06, p=0.02). Los niveles de la subpoblacién linfocitaria “CD3+CD4+
Highly Differentiated” se asocié con una menor OS tanto al medirla en C1D1 (HR= 1.01,
1.00 — 1.01, p=0.03) como en C2D1 (HR=1.01, 1.00 —1.01, p=0.03). El estado inmuno
naive se asocié independientemente del tipo tumoral con mejor PFS (p = 0.005). Se
detect6 un punto de corte de PD-L1 del 10% entre los buenos y malos respondedores
en términos de ORR (univariado p = 0.011, multivariado p = 0.028) y DCB (univariado p
= 0.043). Los niveles de PD1 mRNA se asociaron a las respuestas completes (p =
0.021). LIPI en C1D1 fue el mejor predictor de progresiones rapidas, PFS y OS
independientemente del tipo tumoral en comparacion con otros scores. El LIPI basal fue
capaz de diferencia 3 categorias de pacientes con diferencias significativas en OS (p <
0.001) y PFS (p = 0.013). Lo mismo se observé en C2D1 para OS y PFS (ambos p =
0.020). Retener la categoria de LIPI bueno o experimentar un cambio hacia una

categoria mejor se asoci6 a una mejor OS (p = 0.009) y PFS (p = 0.006).

Conclusion: la seleccion 6ptima de pacientes todavia es una cuestion no resuelta pero
identificamos varios factores que pueden ayudarnos a mejorar la seleccion de nuestros
candidatos. El estado inmuno-naive, la categoria de LIPI bueno basal asi como
mantenerla en C2D1, los niveles elevados de PD1 mRNA y de PDL1 parecen asociarse
a beneficio a ICl mientras que los niveles elevados de linfocitos CD3+CD4+PD1+

parecen relacionarse con peores resultados.



ABSTRACT

Background: Immune-checkpoint inhibitors (ICl) have revolutionized the therapeutic
landscape of cancer but many patients remain not benefiting from them. Improve patient

selection is mandatory.

Methods: Blood samples were collected at cycle 1 (C1D1) and 2 (C2D1) and at the time
of every tumoral response assessment until the occurrence of progressive disease (PD).
Electronic patient charts were reviewed to collect relevant clinical information and blood
test results. Baseline prognostic scores were calculated (LNR: lymphocyte neutrophil
ratio. dNLR: derive neutrophil lymphocyte ratio. LIPI: lung immune prognosis index.
RMH: Royal Marsden Hospital score. PMH: Princess Margaret Hospital score. GRIm:
Gustave Roussy Immune Score. PIPO: Phase | Prognostic Online score). Once we had
selected the best score, we analyzed its association at C1D1, C2D1 and its dynamics
with overall survival (OS) and progression free survival (PFS). PDL1 status was collected
from patient charts. Pre-ICl archived tissues were retrieved to evaluate tumor-infiltrating
lymphocytes (TILs) and PD1 mRNA levels. Tumor assessments were centrally reviewed
by RECIST 1.1/ RANO criteria. Associations with overall response rates (ORR), disease
control benefit (DCB), durable clinical benefit, PFS and OS were performed with
univariable/multivariable logistic and Cox regressions, where appropriate. Mean and
standard deviations of each subpopulation/timepoint were calculated. Kapplan Meier
curves, ANOVA, pairwise comparison, logistic regressions, hazard ratios (HR), odd
ratios (OR), Cox regressions and area under curve (AUC), were performed where

appropriate.

Objectives: Primary objective was the serial assessment of lymphocytes subpopulation

levels over time as biomarker of response or resistance to immunotherapies.

Secondary objectives included the study of 1) the correlation of baseline
clinicopathological factors to response and survival in ICl a multitumor ICI treated
population, 2) the role of PD1 mRNA levels, PD-L1 and TILs levels as predictor of
response or resistance to immunotherapies and 3) the correlation of published prognosis

scores and early dynamics with ICI outcomes.

Results: 173 adult patients with metastatic solid tumors candidates to ICI were
prospectively recruited. At a median follow up of 38,3 months (95%CI: 36.1-58.6),
median PFS was 2.5 months (95%CI: 2.0-3.7), median OS was 13.3 months (95%CI:
9.9-17.4), rapid progressions. At a median follow-up of 38.3 months (95%ClI: 36.1-58.6),
median PFS was 2.5 months (95%CI: 2.0-3.7) and median OS was 13.3 months (95%Cl:

9.9-17.4), with rapid progression or death <4 months from ICI initiation observed in



60.7% (95%CI: 53.0%-68.0%) cases and ORR 16.8% (95%CI: 11.5%-23.2%). Levels of
CD3+CD4+PD1+ lymphocytes subpopulation showed an association with shorter ORR
(C1D1: OR 0.93, 95%CI: 0.88-0.99, p=0.01; C2D1: OR 0.94, 95% CI: 0.89-1.00, p=0.04),
DCB (C1D1: OR 0.93, 95%ClI: 0.88-0.99, p=0.01; C2D1: OR 0.94, 95% CI: 0.89-1.00,
p=0.04) and PFS (C1D1: HR= 1.03, 1.01 — 1.05, p=0.01; C2D1: HR= 1.03, 1.00 — 1.06,
p=0.02). CD3+CD4+ Highly Differentiated subpopulation demonstrated an association
with shorter OS when measured at C1D1 (HR= 1.01, 1.00 — 1.01, p=0.03) and C2D1
(HR=1.01, 1.00 -1.01, p=0.03). Immunotherapy-naive status was independently
associated with better PFS (p = 0.005). A PD-L1 10% cut-off detected worse/best
responders in terms of ORR (univariate p = 0.011, multivariate p = 0.028) and DCB
(univariate p = 0.043). PD1 mRNA levels were strikingly associated to complete
responses (p = 0.021). C1D1 LIPI was the best predictor of rapid PD, OS and PFS,
regardless of cancer type, compared to other scores. Baseline LIPI detected three
categories of patients with significantly different OS (p < 0.001) and PFS (p = 0.013).
The same was observed at C2D1 for OS and PFS (both p = 0.020). Retaining a good
LIPI or experiencing a shift towards a better prognostic class was associated to improved
OS (p = 0.009) and PFS (p = 0.006).

Conclusion: optimal patient selection is still an unmet need but we identified several
factors that may help us improve the selection of our candidates. Immune naive status,
good LIPI baseline score and retaining it prior to the second infusion as well as higher
levels of PD1 mRNA and PDL1 seem to correlated with ICI benefit while higher baseline
levels of peripheral CD3+CD4+PD1+ lymphocytes subpopulations might correlate with

worse outcomes.
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Chapter 1. Introduction

In the last decade, immunotherapy with immune-checkpoint inhibitors (ICI) has
revolutionized the therapeutic landscape of many solid tumors. ICl-based therapeutic
approach is based on the disruption of the activity of several immune system inhibitory
mechanisms, so to unleash a potentimmune response directed towards the tumor (1,2).
Nevertheless, there are plenty of patients treated with ICls who are exposed to their
potential adverse events but do not benefit from them. Therefore, it is critical to find a
way to improve patient selection, treating only those with higher probabilities of ICI
benefit and offering to the rest other alternative options that may give them higher

chances of benefit.
Immune System Overview

The innate immunity is the first defense action of our immune system which is antigen
independent and does not create immune memory. Several cell types are involved in
this innate response as macrophages, neutrophils, dendritic cells, mast cells, basophils,
eosinophils, natural killer (NK) cells and innate lymphoid cells. Dendritic cells, within
others, express in their surface proteins called “Major Histocompatibility Complex”
(MHC) class | (also known as Human Leukocyte Antigen; [HLA] A, B or C) or class II,
that allow them to act as Antigen Presenting Cells (APC) and trigger the adaptive

immunity(3).

The adaptive immunity is the second barrier against foreign agents in which lymphocytes
are key players. Stem cells from the bone marrow derive to naive T cells
(CD3+CCR7+CD45RA+) which migrate to the thymus for maturation. During this
process, T cells that would attack to antigens usually found in our body are eliminated
while the others survive. These cells express in their surface specific proteins able to
bind unique antigens called T cell receptor (TCR). Once APCs capture foreign antigens,
expose them linked to its MHC in an MHC-antigen complex, activates the TCR and the
T cell secretes cytokines that spread the immune response. This antigen presentation
process stimulates their differentiation into either cytotoxic/effector T cells (CD3+CD8+
cells) or T helper (Th) cells (CD3+CD4+ cells)(3).

APCs present antigens by MHC | molecules, activating effector T cells (CD3+ CD8+)
which are responsible of the destruction of foreign agents by releasing substances that
induce apoptosis of target cells. Once the foreign agent is cleared, most of these effector
T cells die and just a few of them become memory cells (central memory lymphocytes
CD3+CCR7+CD45R0O+ / effector memory lymphocytes CD3+CCR7-CD45R0+) that

could differentiate into effector T cells in the future if exposed to the same antigen(3).
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T helper cells (CD3+CD4+) are not able to kill or phagocyte foreign agents but play a
main role in the immune response regulation. Th cells are activated through TCR
recognition of antigen bound to class I| MHC molecules and once activated, they release
cytokines that influence many other immune cells including their activating APC.
Regulatory T cells are a subset of CD4+ T cells (CD3+CD4+CD25+FoxP3+) that play an
important role in the immune response by limiting and suppressing immune responses,
avoiding abnormal responses against self-antigens and the development of autoimmune

diseases(3).

Apart from antigen recognition by TCR, T cell activation is modulated by costimulatory
and inhibitory signals. Receptors such as CD28 and ICOS transduce signals necessary
to fully activate T cells while receptors like CTLA-4 and PD-1 transduce inhibitory signals
against lymphocyte activation. The balance between positive and negative inputs

determines immune responses or tolerance(4).

CD28 is a protein expressed in T cell surface that is essential for T cell activation. It binds
to either CD80 (B7-1) o CD86 (B7-2) which are costimulatory molecules or ligands family,
found on APCs surface. CTLA4, which belongs to the CD28 subfamily, is an inhibitory
protein stored intracellularly in T cell naive cells until their activation, when it is
transferred to the cell surface. Once they are in the surface, both CTLA4 and CD28 are
able to bind CD80 and CD86 ligands on APCs but CTLA4 has higher affinity, blocking

CD28 co-stimulation and preventing T cell response (4-6).

Human T cells undergo a natural differentiation process following the initial antigen
recognition, characterized by the progressive loss of CD27 and CD28 surface
expression, and acquisition of memory and effector functions so they can be classified
as poorly differentiated (CD27+/CD28+), intermediately differentiated
(CD27neg/CD28+) and highly differentiated (CD27neg/CD28 neg). HD T cells include

memory, effector and senescent T cells (7).

PD1 is another transmembrane protein that belong to the CD28 subfamily, that is
expressed on T cells after TCR stimulation, with coinhibitory effect. When PD1 binds
PDL1 (also known as B7-H1) o PDL2 (also known as B7-DC) which are present on
APCs, it changes its conformation, phosphorylates its intracellular tail, recruits SHP-2 in
the proximity of TCR attenuating its activity and affects downstream signaling pathways
like PTEN-PI3K-AKT and RAS-MEK-ERK. The final outcomes are multiple, including
inhibition of T cell proliferation, activation, survival, cytokine production, alteration of T
cell killer functions and occasional death of activated T cells (6). PD1/PDL1 axis is crucial

for controlling the continued activation and proliferation of differentiated effectors, being
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able to activate apoptosis or induce a state of T cell dysfunction called T cell exhaustion
(4,5,8-12). Unfortunately, tumor cells can take advantage of this mechanism by
upregulating PD1/PDL1 axis to induce T cell exhaustion and facilitate cancer cells
survival (12). In fact, the expression of PD1 on tumor infiltrating T cells and PD1 ligands

on tumors may be poor prognostic factors in several cancers (13,14).

Hematopoietic stem cells from bone marrow also generate B cells. Following their
maturation they are released expressing a unique antigen-binding receptor on their
membrane. B cells can recognize antigens directly, without APCs, through specific
antibodies expressed on their surface. Their principal function is the secretion of
antibodies against foreign antigens which requires their further differentiation but they

also interact with T cells which are key for antitumor T cell mediated cytotoxicity (15).

When activated by foreign antigens to which they have an appropriate antigen specific
receptor, B cells proliferate and differentiate into antibody-secreting plasma cells or
memory B cells. Therefore, B cells play a major role in humoral o antibody-mediated

humoral immune response (3)

During the oncogenesis, neoantigens are released and captured by dendritic cells that
act as APCs. Their surface MHC class | or Il will display fragments of those antigens to
T cells, resulting in the activation of effector T cells against cancer specific antigens as
long as they are considered foreign (3). Activated T cells, travel by the blood stream and
finally infiltrate the tumor environment, recognize and bind to the specific cancer cell
through the interaction between its TCR and the MHC-antigen. Finally, it kills their target
cancer cell and release more tumor antigens, increasing the immune response.
Nevertheless, this immune cycle may fail in oncology patients. Tumor antigens may not
be detected o considered self-antigens instead of foreign, T cells may not infiltrate

tumors, o tumor microenvironment factors may inhibit T cells (16).
Clinicopathological factors

As of today, anti-PD1 (e.g. pembrolizumab, nivolumab), anti-PD-L1 (e.g. atezolizumab,
durvalumab) and antiCTLA4 monoclonal antibodies have become some of the most
widely prescribed anticancer therapies and are recommended, in monotherapy or
combination with other ICI or chemotherapy, in a broad spectrum of cancer types (1,17).
However, the degree of benefit is different according to the cancer type and within each
tumor type, and only a limited proportion of patients seem to benefit. Furthermore, ICls
may lead to harmful and potentially lethal immune-mediated side effects. Therefore, the
identification of proper biomarkers of response is crucial to improve therapeutic

outcomes, avoid unnecessary toxicities and optimize resources, since ICls are
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considered an expensive treatment that can yearly cost more than $100,000 per patient.
(18-23). Unfortunately, few biomarkers have proved to be effective for a proper patient

selection and with several cancer-specific and/or technical-related limitations (24-27).

Baseline clinical/hematological characteristics and previous medical history may
influence the chances of benefit of our candidates. The optimal metastatic therapeutic
setting (earlier or further lines), the efficacy in immune-pretreated patients, the effects of
exposure to immediately previous or concurrent radiotherapy (RT), and the optimal
duration of treatment remain questions unanswered. To note, the impact of systemic
corticosteroids and exposure to antibiotic (ATB) therapy on response to ICl are another

major concern, with only few and/or conflicting data being published so far (28-37).
Prognostic Scores in Oncology

Several prognostic scores have been identified for different settings based on analytical
and clinical factors so they are easy-to-detect with a relatively low cost. Our inflammatory
status is balanced by several immune cells within which we can find lymphocytes and
neutrophil. These populations are used to calculate the Neutrophil Lymphocyte Ratio
(NLR = absolute counts of neutrophils / lymphocytes), a score which elevation has been
correlated with worse overall survival and progression free survival in multiple tumor
types. Optimal cut-off has been controversial within different studies although equal or

above five has been the most widely used to define the high NLR category (38—48).

Derived Neutrophil to Lymphocyte Ratio (dNLR) score, -calculated by
neutrophils/[leucocytes-Neutrophils] has mainly been explored in non small cell lung
cancer (NSCLC), where dNLR high (=3) was associated with worse overall survival (OS)
and progression free survival (PFS) than the dNLR low group (<3). Although dNLR has
been explored in some specific histologies beyond NSCLC, no multitumor studies have

been performed to analyze its relationship across tumor types (49-53)

Interestingly, the dynamic changes in dNLR with ICI over time (baseline and prior to
second cycle [C2]) have been also explored in a large cohort of patients with NSCLC. In
the low dNLR group, those that changed to high dNLR at C2 presented poorer outcomes
than those that remained low. Similarly, in the high dNLR group those that decreased to

low dNLR had better outcomes than those that remained high (50).

Lung Immune Prognostic Index (LIPI), based on dNLR and LDH was used to stratify
patients in 3 categories: good (dNLR <3 and LDH < upper limit of normal [ULN]),
intermediate (dNLR >3 or LDH > ULN) and poor (dNLR >3 and LDH > ULN). Initial
studies explored the performance of baseline LIPI in lung cancer patients showing the

correlation of good score with better PFS/OS. Following these results several studies
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were conducted to validate the results across tumor types showing initial correlation
between good score and better outcomes. Nevertheless, further studies are needed to

validate its potential as biomarker in a tumor agnostic population (54-59).

Gustave Roussy’s Early Drug Development Department analyzed their ICl treated
population in order to identify a potential score to identify prognostic factors to potential
benefit with ICls. Based on the analysis of 155 patients treated with ICl in their unit they
generated a new score (Gustave Roussy Immune Score; GRIm score) using albumin
serum level (<35 g/l = 1), LDH (>ULN = 1) and NLR (>6 = 1). Patients were classified in
low risk score (0 o 1) or high risk score (2 o 3). Further 113 patients were analyzed
confirming that high risk score patients presented worse OS than low risk score

population (60).

Other research sites have developed score to improve patient selection for experimental
therapies. These scores may identify patients with better prognosis or probability to
benefit from a new therapy. Therefore, it would be worth exploring their potential with
ICls.

The Royal Marsden Hospital performed a retrospective analysis of patients recruited in
early phase clinical trials. The analysis of 212 consecutive patients showed statistical
correlation of outcomes with LDH, albumin and number of metastatic sites. A risk score
(Royal Marsden Hospital score; RMH score) based on the results of the outcome of the
multivariate analysis (LDH normal = 0 vs LDH > UNL = 1, albumin = 35 g/I= 1 Vs albumin
< 35 g/l = 0, site of metastasis <2 = 0 vs >2=1) demonstrated that patients with a good
prognosis score (0 o 1) had a significantly longer OS than the poor prognosis group (2 o
3) (61).

The Princess Margaret Hospital analyzed their population to validate RMH score and
identify predictors of mortality at 90 days (90DM) after treatment initiation. In multivariate
analysis, albumin < 35 g/L, > 2 metastatic sites and ECOG > 0 were significantly
associated with 90DM. In order to construct their score (Princess Margaret Hospital
Index; PMHI), one point was assigned to each variable, classifying patients in low risk
(0-1 points) and high risk (2-3 points). Low risk score was associated with lower 90D

mortality rate than high risk group(62).

Vall dHebron Institute of Oncology (VHIO) also explored potential prognostics factors of
survival. They collected data from 799 consecutive patients recruited in clinical trials and
identified in the multivariable analysis, six prognostic variables were independently
associated with their survival (ECOG, number of metastatic sites, presence of liver

metastases, dNLR, albumin and LDH levels) that were used to create a prognostic

15



survival calculator online (Phase 1 prognostic online (PIPO): https://pipo.vhio.net/).

Ordinal and laboratory variables were dichotomized and patients classified into
prognostic groups (good =0-2 points, intermediate = 3-4 points, poor = 5-6 points). Within
other populations, they analyzed patients who had received ICI showing statistical

differences in OS between groups (63).

In conclusion, several scores based on baseline characteristics and laboratory test have
been developed to predict survival o potential benefit to therapies. Nevertheless, most
of the studies were retrospective, focused in specific histologies or not ICI specific and
did not provide comparison between scores. Therefore, further prospective analysis in a
pan-cancer setting treated with ICI of the performance of these scores and their direct

comparison is needed.
ICI Tumoral Tissue Biomarkers

Beyond clinical and laboratory baseline factors, tissular tumoral characteristics may play
a role in candidates selection. The first identified biomarker was PDL1 expression by
immunohistochemistry, a non-robust test whose interpretation is dependent of the
experience of the pathologist that is used to select candidates for antiPD1/PDL1 drugs.
Besides, each drug has been developed with a specific assay so different antibodies
have been used to measure its expression (Table 1) that may not necessarily be the

same used in real life hospitals which leads its credibility under question (64,65).

Table 1: PD-L1 Assay system used in the Blueprint Project (64)

AGENT NIVOLUMAB | PEMBROLIZUMAB | ATEZOLIZUMAB DURVALUMAB
Primary 28-8 (Dako) 22C3 (Dako) SP142 (Ventana) SP263
antibody (Ventana)
clone used
in the assay
system
Interpretive Tumor cell Tumor cell Tumor cell Tumor cell
scoring membrane membrane membrane membrane

Infiltrating

immune cells
Instrument EnVision Flex EnVision Flex on OptiView OptiView
and on AutostainerLink 48 detection and detection on
detection AutostainerLink amplification on Benchmark
systems 48 Benchmark ULTRA
required ULTRA
Therapeutic Bristol Myers Merck Genentech AstraZeneca
developer Squibb

Microsatellite instability (MSI) is another immunohistochemistry based test that has been
used to approve antiPD1/PDL1 drugs in tumor agnostic indications (66—68). MSI
prevalence varies widely from across tumor types with cancers with prevalence above

15% (endometrial cancers, colon adenocarcinoma o stomach adenocarcinoma) and
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other below 1% (for example glioblastoma, pancreatic adenocarcinoma or thyroid
carcinoma within others). Special mention merits diagnosis with proved ICI benéefit like
lung cancer o melanoma whose MSI prevalence is below 2% which highlights the need
of biomarkers to identify most of the patients with potential benefit that do not express
MSI (69,70).

More reliable biomarkers are the determination of specific genomic alterations. Recently
major therapeutic advances have been made in tumors with druggable genomic
alterations in specific genes as EGFR (NSCLC, erlotinib/gefitinib), HER2 (breast,
trastuzumab/lapatinib), KIT/PDGFRA (GIST, imatinib), BRAF (melanoma, vemurafenib),
ALK (NSCLC, crizotinib), IGF1R (Ewing sarcoma, figitumumab), PARP (ovarian/breast,
olaparib), BCR-ABL (chronic myeloid lymphoma, imatinib), NTRK (agnostic, entrectinib),
RET (Thyroid, NSCLC, selpercatinib) o KRAS (NSCLC o colorectal cancer, adagrasib)
within others (19,71-85). Nevertheless, molecular biomarkers to select the tumors
sensitive to immunotherapies are still a challenge. Some of these drugs are already in
late stages of their development or even approved for different indications like melanoma
(ipilimumab, nivolumab, pembrolizumab) or NSCLC (pembrolizumab, nivolumab)
without a strong biomarker for candidate selection so a high proportion of those patients

do not receive benefit from their immunotherapy.

Tumor mutational burden has also been identified as potential biomarker of response
and has been approved for clinical practice in the USA. However, it has been variably
successful in predicting responders according to different cancers and its use is limited

to specific contexts (24,25).

Gene signatures on RNA may be potential robust and reproducible biomarkers. The
Translational Genomic and Targeted Therapeutics in Solid Tumors Groups performed
an analysis of 10.462 tumor samples representing 36 cancer types with RNA data
available. 547 immune-related genes, including PD1, were explored. A strong
association between PD1 mRNA absolute levels and reported overall response rate
following anti-PD1 monotherapy was observed with percentile 80th as potential cut off
(86,87). These results lead to their validation in ACROPOLI clinical trial that is currently

ongoing.

Finally, the outcome of ICI therapy has also been linked to the quality and magnitude of
tumor-infiltrating lymphocytes (TILs) responses within the tumor microenvironment,
though without current clinical applicability (88,89). Its potential is still under study due
to the necessity of standardization of procedures and determination of the role of specific

lymphocytes population and their activation status (90-92).
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TILs come from peripheral lymphocytes that have previously been activated by APCs.
Therefore, the amount and characteristics of this circulating lymphocytes may influence
the potential benefit to ICI. In fact, some studies have demonstrated similarities between
lymphocytes in tumor microenvironment and in the circulation which serve as a rationale

for exploring the role of systemic lymphocytes as ICI biomarkers (93).
ICI Peripheral Lymphocytes Biomarkers

Lymphocytes are a key player in ICl mechanism of action so it seems logical that their
decrease may impact their outcomes. Several studies have explored the influence of
total lymphocytes in patients treated with ICI, reaching different conclusions. Some
studies correlated baseline or 3 months on treatment lymphopenia with worse survival
in while others did not so its role as biomarker remains uncertain (94—98). These
inconsistent results may be related to the wide range of cells with different functions
included in the total lymphocyte count so other studies have focused in specific
lymphocyte subpopulations that may be related to the response or toxicity to these
therapies (99).

Baseline circulating cells have been explored as potential biomarkers. For example,
Zheng et all analyzed samples from 42 lung cancer patients at baseline and differentiated
CD4+T cells based on the level of expression of PD1. Seventeen patients were classified
as PD1 High (> 12,27 %) and 25 as PD1 Low (< 12,27 %). Significant lower rate of OS
and PFS was seen in the PD1 High group. From this population, 5 patients were treated
with antiPDL1 therapy. Three of them belonged to the PD1 High group and had long
stable disease while the other two belonged to PD1 Low group and had early progression

disease and shorter survival (100).

Other studies explored not only baseline circulating cells but also their dynamics along
the therapy. For example, Kamphorst et al collected samples from 29 lung cancer
patients treated with anti PD1 o PDL1 antibodies at baseline and before each treatment
administration. They analyzed CD4 and CD8 T cells and used Ki-67 as activation marker.
They observed an increase in Ki67+ T cells mainly related to CD8 lymphocytes within
the first 4 weeks after therapy. Besides, they observed that patients who developed
partial response also had high frequency of PD1+ cells among ki-67 CD8 T cells, this
frequency was variable within those patients that developed an early progression
disease (101).

Hwan Kim et all analyzed blood based dynamic biomarkers to predict responses to
antiPD1 therapies in solid tumors. They collected serial blood samples before treatment

initiation and one week later from two discovery cohorts of thymic epithelial tumors
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treated with pembrolizumab (n=33) and NSCLC treated with pembrolizumab or
nivolumab (n=33) and finally a validation cohort of NSCLC patients (n=46). They found
that the percentage of proliferative (ki-67+) cells among PD1 CD8 T cells significantly
increased in the first 7 days after the first dose and decreased in the subsequent 2
weeks. The increase from baseline to day 7 (calculated as fold-change in percentage of
Ki-67+ cells amount PD1+CD8 T cells; Ki67D7/D0) was statistically correlated with DCB
and PFS (102).

These preliminary results seem promising but PD1 expression by itself does not indicate
that the lymphocyte is able to recognize tumor cells so it may need to be combined with
other factors as the expressions of other molecules as TIGIT, LAG3 o 4-1BB (93,103—
107), T cell activation markers (CD25, HLA-DR, CD40L, CD62L, CD69) o degree of
differentiation. After antigen recognition, lymphocytes T differentiate and progressively
loose CD27 and CD28 surface expression becoming highly differentiated
(CD27neg/CD28 neg) T cells (CD3) (7). Zuazo-Ibarra et all explored the role of CD3 CD4
HD cells in lung cancer patients treated with ICI. They classified patients based on
baseline CD3 CD4 HD cells in group 1 (above average) and group 2 (below average).
When they correlated these groups with tumoral response found that all patients from
group 2 had progression disease as best response while 47% patients of group 1 had
an objective response. Besides, they analyzed CD3 CD4 HD cells dynamics
differentiating between pattern 1 or THD burst (highly significant increase in systemic
CD3 CD4 HD cells) and pattern 2 o THD decrease (significant reduction in systemic CD3
CD4 HD cells). The first pattern was associated with progression disease while the
second with tumor responses (108). Finally, they correlated low baseline levels of CD3
CD4 HD cells (group 2) and THD burst pattern to hyperprogression (108,109) Following
these results, Arasanz et all explored the relationship between CD3 CD4 HD cells and
hyperprogression (110) in a study of 70 NSCLC patients treated with ICI (33
atezolizumab, 28 nivolumab, 9 pembrolizumab). 38 patients presented group 1 baseline
profile while 31 had group 2 baseline profile. Hyperprogression was significatively
correlated with baseline group 2 profile. THD burst pattern (increase > 1,3 times CD3
CD4 HD) was significatively correlated with hyperprogression, shorter PFS and a trend
for shorter OS (110). These studies did not found correlation between CD3 CD8 HD

levels and outcomes (108,110).

Most of the studies looking for circulating biomarkers to ICI in blood cells are focused on
lymphocytes T, based on short populations of single types of cancer (mostly lung cancer
patients) and missing validation cohorts (111,112). To our knowledge, no studies have

been done with large multitumor populations exploring baseline lymphocytes
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subpopulations and their dynamics during treatment. Therefore, further prospective
analysis in a pan-cancer setting treated with ICl is needed in order to identify potential

agnostic biomarkers for ICI| candidates.
Immunoblood Project

In this context, we designed the Immunoblood project, a prospective observational study
with the aim of characterizing the patterns of response to ICI (mainly antiPD1 and
antiPDL1) in metastatic solid tumors and exploring patients’ clinicopathological,
molecular and blood features that can be useful to improve the selection of candidates
for this relatively novel therapeutic approach. We carried out the the study at the Clinical
Trials Unit of the Hospital Clinic of Barcelona (HCB) in collaboration with Translational
Genomics and Targeted Therapies in Solid Tumors lab of IDIBAPs and the HCB

Immunology Department (113).

First, we hypothesized that baseline and on treatment lymphocyte subpopulations may
correlate with ICl outcomes so we collected blood samples for their analysis at Hospital

Clinic of Barcelona immunology department and studied their relationship.

Second, we collected information about already known potential biomarkers when
available (PDL1, TMB) and analyzed the presence of TILs and PD1 mRNA expressions

when tumor samples were available to explore its correlation with ICl outcomes.

Third, we hypothesized that a more effective prognostic stratification based on clinical
and laboratory baseline characteristics might help identifying patients with higher
probability of ICI benefit or even patients not responsive that should receive an
alternative therapeutic approach. As it remains uncertain which prognosis score better
predicts patient outcomes, we propose to perform a direct comparison to pick the best
(38,49,60,61,63,114—-118).
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Chapter 2. Hypothesis and aims

A. PRIMARY OBJECTIVE

- Serial assessment of lymphocytes subpopulation levels over time as biomarker

of response or resistance to immunotherapies.

B. SECONDARY OBJECTIVES

- Correlation of baseline clinicopathological factors to response and survival in a

comprehensive multitumor population

- Role of PD1 mRNA levels, PD-L1 protein expression and Tumor Infiltrating
Lymphocytes (TILs) levels as predictor of response or resistance to

immunotherapies.

- Correlation of published prognosis scores and early dynamics with ICl outcomes.
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Chapter 3. Methodology

3.1 Ethic Commitee Approval, Documentation and Data Management.

The study was run following the Good Clinical Practice, according to the Helsinki
Declaration (Fortaleza, Brasil, October 2013), and to the biomedical research law
14/2007, 3rd of July. This study was evaluated and approved by the Ethic Committee of
Hospital Clinic Barcelona on 11th of May 2017.

For European Union member states, the informed consent procedure conformed to the
ICH guidelines on Good Clinical Practice. This implied that “the written informed consent
form should be signed and personally dated by the patient or by the patient’s legally

acceptable representative”.
The following documents were designed for the study:

v Protocol (Version 1, 19.04.2017)

v Informed consent form (“Consentimiento informado para la utilizacién de datos
clinicos y material biolégico de proyectos de investigacion y excedente del
proceso asistencial para investigacién biomeédica en enfermedades onco-
hematolégicas y su conservacion en la coleccidon biospecimens of patients with
solid tumors at Hospital Clinic”)

Delegation log (version 1, 19.04.2017)

Plasma/Buffy coat Lab Manual (Version 2.1, 24.04.2017)

Plasma/Buffy coat Lab Manual (Version 2.4, 14.12.2017)

Flow citometry Lab manual (version 1, 24.04.2017).

Flow citometry Lab manual (version 2, 05.05.2018).

IMMUNE-BLOOD Specific Sample Tracking Log (version 2, 20.01.2017)
IMMUNE-BLOOD Specific Sample Tracking Log (version 2.3, 02.05.2018)
PANDORA Blood Sample Tracking Log (version 3. 30/03/2017)

PANDORA Blood Sample Tracking Log (version 4. 10/07/2017)

PANDORA Blood Sample Tracking Log (version 5. 14/12/2017)

NS N N N N N N N

Information related to the samples management, analysis and medical history was
reviewed to run this study. Samples management was reviewed as quality control of
processing methodology. Samples analysis and medical notes were reviewed to

correlate them as specified in the objectives.
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This information was managed following the next rules:

Information collected during the study was kept in a study file whose owner is the
site.

Participants have the right of access their information, rectification, cancellation of
their participation and opposition to the study doctor, according to the law 15/99 of
personal data protection, contacting the principal investigator (responsible of the
study).

If these data were transferred to a third party (for example an sponsor external to the
site), they would be codified, removing any data that could identify the participant.
Only principal investigator and research team have access to the list of codes and
personal participant information.

Sponsor/Principal Investigator preserved the privacy of the participant and their
confidential information, according to the law 15/1999 of data protection and RD
1720/2007, of 21st of December, which approves the regulation of the organic law
15/1999, 13th of December, of personal data protection through its codification.
Personal that have access to the source data include investigators. Its institution may
give access (but not transference) to documents or source data for monitorization,

audit, CEI review and/or inspection of the study by public health authorities.

3.2 Patient recruitment

Candidates were recruited during any of their visits to the hospital. A member of the

research team identified potential candidates, approached them and finally offered the

consent form.

For this study, candidates that fulfill the following criteria were recruited:

INCLUSION CRITERIA

18 years old or older

Diagnosis of oncologic and/or hematologic disease

Patient being considered for immune therapy in the near future

Able to understand the participant information sheet and give written informed

consent according to ICH/GCP, and national/local regulations.

EXCLUSION CRITERIA

Any psychological, familial, sociological or geographical condition potentially
hampering compliance with the study protocol; those conditions should be

discussed with the patient before registration in the trial
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All patients were informed of the aims of the study, the possible adverse events, the
procedures and possible hazards to which he/she would be exposed. They were
informed as to the strict confidentiality of their patient data, but that their medical records
may be reviewed for trial purposes by authorized individuals other than their treating
physician. They were informed of the kind of analysis that may be done with their
samples, including whole genome sequencing, and that their medical records may be
reviewed by members of the study team, always keeping the confidentiality. Afterwards,
if patients agreed to participate they were offered the current version of the participant
information sheet “Consentimiento Informado Para La Utilizacion De Datos Clinicos Y
Material Biolégico De Proyectos De Investigacion Y Excedente Del Proceso Asistencial
Para Investigacion Biomédica En Enfermedades Onco-Hematologicas Y Su
Conservacion En La Coleccion Biospecimens Of Patients With Solid Tumors At Hospital
Clinic”. None samples were collected before consenting. This document was signed and
personally dated by the patient or by the patient’s legally acceptable representative as
well as the physician. A copy was provided to the candidate and another one was
archived in the study file. This informed consent procedure conformed to the ICH

guidelines on Good Clinical Practice.

Only candidates that fulfilled all the inclusion and exclusion criteria of this study were
offered to participate. It was emphasized that the participation was voluntary and that the
patient was allowed to refuse further participation in the protocol whenever he/she wants.
This would not prejudice the patient’s subsequent care. Documented informed consent
had to be obtained for all patients included in the study before they were registered. If
the patient refused further participation during the study, no more samples would be
collected. Samples that were already in the collection would be kept and analyzed unless

the participant expressed his/her right to destroy them.

Finally, we considered candidates as evaluable and therefore included in the analysis if

they fulfilled the following criteria:

- Results of lymphocyte subpopulations from basal sample (C1D1), from second
cycle (C2D1) or both had been obtained.

- Patient had a baseline and at least a second radiologic evaluation that allowed
as to study the tumoral response by RECIST 1.1 o RANO criteria o did not have
a second radiologic assessment but had no doubt of clinical progression disease

with fatal outcome.
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3.3 Clinical Data

Electronic patient charts were reviewed to collect relevant clinical information, blood test
results for collecting specific values and imaging tests for analyzing baseline location of
cancer lesions. Treatments and follow-up procedures were decided outside of this
project according to clinical trial protocol o standard of care, since patients received IClI

in interventional clinical trials o standard treatments chosen by their treating physician.

Clinical data included birth date, age at cycle 1 day 1 (C1D1), diagnosis, date of
diagnosis, neoadjuvant radiotherapy (yes/no), neoadjuvant systemic treatment (yes/no),
surgery (yes/no), adjuvant systemic treatment, concomitant chemotherapy-radiotherapy
(yes/no), adjuvant radiotherapy, number of prior lines of treatment, line of treatment
during study participation, if patient had received prior IClI (immune naive versus
previously treated with ICI), treatment schedule (monotherapy versus combination), ICI
target (PD1, PDLA1, other), treatment within clinical trial versus standard treatment, name
of clinical trial (if applicable), date of first treatment administration, baseline ECOG,

absence/presence of liver metastasis at baseline, date of death and overall survival.

Full blood count and blood chemistry tests were carried out as part of their standard of
care, which usually involves a blood sample collection prior to each treatment
prescription including hemoglobin, total leucocytes, neutrophils, lymphocytes, albumin,
LDH. These values were collected for C1D1 and C2D1 in order to calculate different

prognosis scores in both points and their evolution.

Baseline location of metastasis was also reviewed in order to stablish if the patients had
or not visceral, bone and/or central nervous system metastasis, adenopathies (yes/no)

or liver metastasis.

Special interest had the potential influence of radiotherapy o antibiotics to the outcome
of our ICI so more detailed information was collected regarding them. We collected if the
patients have received either of them within 30 days prior to start treatment o during it,

and if so, the dates and doses.

Based on the previous information, several prognosis scores were calculated within
which we can find the NLR, dNLR, LIPI, RMH, PMH, GRIm and PIPO scores. (38—
41,43,44,49,50,54,60,61,63,115,116,119).
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3.4 Evaluation of Response

Frequency of radiology procedures were decided outside of this project according to
clinical trial protocol o standard of care, since patients received ICI in interventional
clinical trials o standard treatments chosen by their treating physician. Their images were
reviewed to evaluate in a standardized and objective way the degree of tumoral
response. Glioblastoma patients were evaluated by RANO criteria meanwhile the

remaining diagnosis were evaluated by RECIST 1.1 criteria. Besides,

Based on these evaluations the following data were collected: time to best response,
best response (progression disease [PD], stable disease [SD], partial response [PR] o
complete response [CR]), best percentage modification in target lesions from baseline,
disease control rate (DCR), overall response rate (ORR), duration of response (DOR),

date of PD and progressions free survival.

RECIST 1.1 Criteria (120)

Measurability of tumor at baseline

At baseline, tumor lesions/lymph nodes are categorized as measurable or non

measurable as follows:
e Measurable lesion

Tumor lesions: Must be accurately measured in at least one dimension with a minimum
size of 10 mm by CT scan, 10 mm caliper measurement by clinical exam o 20 mm by

chest X-ray.

Malignant lymph nodes: To be considered pathologically enlarged and measurable, a

lymph node must be = 15 mm in short axis when assessed by CT scan.
¢ Non measurable lesion

All other lesions, including small lesions (longest diameter <10 mm or pathological lymph

nodes with 210 to <15 mm short axis) as well as truly non-measurable lesions. Lesions

considered truly non-measurable include: leptomeningeal disease, ascites, pleural or
pericardial effusion, inflammatory breast disease, lymphangitic involvement of skin or
lung, abdominal masses/abdominal organomegaly identified by physical exam that is not

measurable by reproducible imaging techniques.
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Baseline documentation of ‘target’ and ‘non-target’ lesions

A maximum of five baseline measurable lesions in total (and a maximum of two lesions
per organ) representative of all involved organs should be identified as target lesions and

will be recorded and measured at baseline.

Target lesions should be selected on the basis of their size (lesions with the longest
diameter), be representative of all involved organs, and their measure must be

reproducible.

A sum of the diameters (longest for non-nodal lesions, short axis for nodal lesions) for

all target lesions will be calculated and reported as the baseline sum diameters.

Response Criteria

Evaluation of target lesions

- Complete Response (CR): Disappearance of all target lesions. Any pathological
lymph nodes (whether target or non-target) must have reduction in short axis to <10
mm.

- Partial Response (PR): At least a 30% decrease in the sum of diameters of target
lesions, taking as reference the baseline sum diameters.

- Progressive Disease (PD): At least a 20% increase in the sum of diameters of target
lesions, taking as reference the smallest sum on study (this includes the baseline
sum if that is the smallest on study). In addition to the relative increase of 20%, the
sum must also demonstrate an absolute increase of at least 5 mm. (Note: the
appearance of one or more new lesions is also considered progression).

- Stable Disease (SD): Neither sufficient shrinkage to qualify for PR nor sufficient
increase to qualify for PD, taking as reference the smallest sum diameters while on

study.
Evaluation of non-target lesions

While some non-target lesions may actually be measurable, they need not be measured
and instead should be assessed only qualitatively at the time points specified in the

protocol.

- Complete Response (CR): Disappearance of all non-target lesions and normalization
of tumor marker level. All lymph nodes must be non-pathological in size (<10 mm
short axis).

- Non-CR/Non-PD: Persistence of one or more non-target lesion(s) and/or

maintenance of tumor marker level above the normal limits.
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- Progressive Disease (PD): Unequivocal progression of existing non-target lesions.

(Note: the appearance of one or more new lesions is also considered progression).

Further details can be found in RECIST 1.1 guidelines published by Eisenhauer et al
(120).

iRECIST Criteria (Seymour) (121)

IRECIST 1.1 follows the same methodology that RECIST 1.1 in terms of measurable
disease, targets and non target lesions and definition of CR, PR, SD and PD (named as
iCR, iPR, iSD) and PD (unconfirmed progressive disease [iUPD] or confirmed
progressive disease [iCPD]). Unconfirmed progressive disease [iUPD] is equivalent to
the RECIST 1.1 PD. Nevertheless, iRECIST criteria require a new evaluation 4-8 weeks
later allowing the detection of late responses or pseudoprogressions or its confirmation.

Response will be classified as iCPD if the conditions mentioned in table 2 are fulfilled.

Table 2: iRECIST PD Confirmation Criteria (Seymour) (121)

PD Confirmation Criteria
New New Non
UPD Criteria A Target Hey T_a gast Target Target
Category Lesion Lesion : :
Lesion Lesion
Increase 220% y 25 Target Increased | Inequivocal
. : > ; New New
mm in target lesion Lesion =25 mm Progression
Inequivocal Non Target Increased
. ; 220% and New New
Progression Lesion
25mm Increased
New target Increased New o
New target lesion lesi 9 220% y Inequivocal |increased 2 New
esion :
25mm Progression 5mm
New non Increased New o
New non target lesion . 220% y Inequivocal New .
target lesion : increased
=5mm Progression

Legend. UPD: unconfirmed progressive disease.

If the following evaluation fulfills these criteria the PD is considered confirmed (iCPD).
Nevertheless, if the lesions remain stable within the PD range it is considered iUPD, and
if they decrease the response would be considered iSD, iPR 0 iCR. In this case, a new

increase will be considered iUPD and confirmation would be required again.
Further details can be found in iIRECIST guidelines published by Seymour et al (121).

iIRECIST criteria was created because of the need to standardized response criteria for
immune modulators and to detect late responses. Nevertheless, its implementation has
been mainly in clinical trials rather than in standard practice hence non all our patients
have a confirmatory CT scan. Therefore, RECIST 1.1 was used as reference for our
analysis and the presence of late responses/pseudoprogressions will be explored within

those patients with a confirmatory scan.
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RANO Criteria (122)

Gliomas are the most common type of malignant primary brain tumor. They have a
different behavior than other tumors so specific criteria have been developed to evaluate
their tumoral response. The main different with previously mentioned criteria consist in

the evaluation of lesion size by both perpendicular diameters.

Measurability of tumor at baseline

The product of the maximal cross-sectional diameters of the enhancing lesions will be

used to determine the size of contrast-enhancing lesions.
e Measurable lesion

Measurable disease is defined as contrast-enhancing or non—contrast-enhancing
lesions with clearly defined margins by MRI scan, with both perpendicular diameters on

a single slice of at least 10 mm, visible on two or more slices.
¢ Non measurable lesion

Non measurable disease remains defined as either unidimensionally measurable
lesions, masses with unclear margins, or lesions with maximal perpendicular diameters

<10 mm.

Baseline documentation of ‘target’ and ‘non-target’ lesions

Target Lesions

When multiple measurable lesions exist, at least two and no more than three lesions
should be identified as target lesions for studies evaluating either enhancing or non
enhancing tumors. For patients with multiple lesions, those that are increasing in size
should be selected as target lesions, regardless of their relative size. The other lesions
will be considered nontarget and should be recorded but not integrated into the total

lesion size calculation.

Evaluation of response:

A sum of the perpendicular diameters of the target lesions should be calculated and
reported as the baseline sum diameters. Besides of tumor size evolution, we must
consider the need of corticosteroids and their symptoms (new o improvements). Based
on these factors the tumoral response is classified as mentioned in table 3. CR, PR and
SD must fulfill all the criteria but PD only requires one of them.

Further details can be found in RANO 2.0 guidelines published by Wen et al in 2010
(122).
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Table 3: Response Evaluation based on RANO Criteria (122)

Target and Steroids Use Clinical Status
Non Target Lesions
Complete Complete None Estable or
Response (CR) disappearance of improved.
TL and NTL.
No new lesions.
Partial Response | TL = 50% decrease | Estable or | Estable or
(PR) sustained for at | decreased. improved.
least 4 weeks
Stable/improved
NTL.
No new lesions.
Estable Disease | TL between PR and | Estable or | Estable or
(SD) PD criteria decreased. improved.
Stable/improved
NTL.
No new lesions.
Progression TL = 25% increase | Increased due to | Clinical
Disease (PD) 0 new lesions. clinical deterioration
deterioration related to tumor
related to tumor

Legend. TL: target lesion. NTL: Non target lesion. CR: complete response. PR: partial response.
SD: stable disease. PD: progression disease.

3.5 Blood samples
3.5.1 Sample Collection and y processing

Samples were collected prior to the first drug administration (C1D1), prior to the second
administration (C2D1) and as close as possible to the evaluation of response imaging
test. At each of these timepoints a 4 mL BD Vacutainer® K2E (EDTA) 7.2mg Ref.368861
tube was collected. These tubes were labeled with the patient identification number,
registered in the “Blood Sample Tracking Logs” and transferred for their analysis by the

Immunology Department of Hospital Clinic of Barcelona.

Extraction of 4mL of whole blood sample using EDTA tube was performed. Fifty micro
liters of blood were transferred from EDTA to “Canto tube” and mixed with 2 ul of specific
panel of antibodies described in Table 4, with the exception of FOXP3 panel (5 ul of each
antibody were added). In case of CTLA4 and CCR7 50 ul of Buffer (Brilliant Stain Buffer;
BD ref 566349) was added. Samples were homogenized for 15 minutes at room
temperature in a dark chamber. Two ml of 1:10 lysis buffer were added and homogenized
in a dark chamber for 15 minutes and centrifuged at 1500 rpm for 5 minutes at 4°C.
Supernatant was removed and pellet was washed using 3 ml of PBS buffer centrifuged

at 1500 rpm for 5 min at 4°C and supernatant was removed.
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Table 4: specific panel of antibodies

TBNK Panel TACT Panel FOXP3 Panel
Antigen Antibody Antigen Antibody Antigen Antibody
CD19 PE_Cy7 HLA DR FITC CD4 FITC

CD16 PE cDaoL PE CD25 PE

(CD154)

CD56 PE CD62L APC CD3 BV421

CD4 FITC CD25 PE_Cy5 CD45 PerCPCy5.5

CD8 PerCP_Cy5.5 CD69 PE_Cy7 CD127 PC7

CD45 APC CD3 APC_Alexa750

CD3 APC_Alexa750

CTLA4 Panel CCR7 Panel

Antigen Antibody Antigen Antibody
HLA_ DR FITC CD62L FITC
CTLA4 PE CD25 PE

CD25 PE Cy5.5 CCRY PerCP5.5

CD69 PC7 CD8 PC7

CD274-PD-

L1 APC CD45RO APC
CD3 APC H7 CD45RA APC_Cy7
CD19 BV510 CD3 BV421
CD4 BV421 CD45 BV510

Additional steps in FOXP3 panel were performed.

Washing with 3mL PBS was

performed, and supernatant was removed and the pellet was resuspended using 200uL
fixation buffer (Treg Phenotyping Kit Ref 130-122-994 Miltenyi) and homogenized at 4°C.
3mL of PBS was added, centrifuged at 1500 rpm at 4°C and supernatant were
resuspended using 250uL of fixation buffer 1X. Centrifugation at 1500 rpm for 5 minutes
at 4°C and supernatant was resuspended using 20uL of Fixation buffer 1X and 5uL of
10uL of Anti-FOXP3 antibody was added, homogenized and
mixed with 250uL of Fixation buffer 1X. Centrifugation at 1500rpm for 5 min at 4°C was

FcR Blocking reagent.

performed.

Pellet was resuspended using 100uL of FACS buffer. Reading of signal using Attune

NxT Flow Cytometer was performed. Analysis was done with Attune NxT software.
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3.5.2 Analysis of Flow cytometric data

General lymphocytes populations and subpopulations were analyzed by flow cytometry.
Lymphocytes were manually gated and the live singlet population was analyzed using
Attune NxT software. For the T cell analysis, the cells were additionally gated for CD3+
and CD4+CD8- or CD4-CD8+. Several markers were used in the different panel for
clustering after the gating (Table 5). Percentage of each population regarding total T
lymphocytes were calculated. Besides, mean fluorescence intensity was used to

measure the level of expression of specific markers (CD28, CTLA4, CD1).

Table 5: lymphocyte populations/subpopulations analyzed by flow cytometry

General Lymphocytes T (CD3+)

populations Lymphocytes T (CD3+CD4+)

Lymphocytes T (CD3+CD8+)

Lymphocytes B (CD19+)

NK cells (CD16/56+)

CD4+/CD8+ rate

Lymphocytes T Lymphocytes naive (CD3+CCR7+CD45RA+) (%TCD3+)
subpopulations Central Memory Lymphocytes (CD3+CCR7+CD45R0O+)
(% of total (%TCD3+)

Lymphocytes T; Effector Memory Lymphocytes (CD3+CCR7-CD45R0O+)
%TCD3) (%TCD3+)
Regulatory T Lymphocytes (CD3+CD4+CD25+FoxP3+)
(%TCD3+)
Lymphocytes CD3 PD-L1+ (% TCD3+)
Study of Lymphocytes CD3 CTLA-4+ (%TCD3+)
activation Lymphocytes CD3 CTLA4+ PD1+ (% TCD3+)
markers of Lymphocytes CD3 PD1+ (% TCD3+)
lymphocytes T Lymphocytes CD3 PD1 High+ (% TCD3+)
(% of total Lymphocytes CD3 CD28 (MFI)

Lymphocytes T) Lymphocytes CD3 CTLA-4 (MFI)

Lymphocytes CD3 PD1 (MFI)

Lymphocytes CD3+CD25+ (%TCD3+)
Lymphocytes CD3+HLA-DR+ (% TCD3+)
Lymphocytes CD3+CD40L+ (% TCD3+)
Lymphocytes CD3+CD62L+ (% TCD3+)
Lymphocytes CD3+CD69+ (%TCD3+)

CD3+ CD8+ Lymphocytes CD3 CD8 HD (% CD8+)(108,110)
Lymphocytes T Lymphocytes CD3 CD8 CTLA4 (% CD8+)
subpopulations Lymphocytes CD3 CD8 CTLA4+ PD1+ (% CD8+)
(% of lymphocytes | Lymphocytes CD3 CD8 PD1+ (% CD8+)

T CD3+CD8+; % Lymphocytes CD3 CD8 PD1 High + (% CD8+)
CD8+) Lymphocytes CD3 CD8 CD28 (MFI)
Lymphocytes CD3 CD8 CTLA-4 (MFI)
Lymphocytes CD3 CD8 PD1 (MFI)

CD3+ CD8+ CD4+ | Lymphocytes CD3+ CD8+ CD4+ (%TCD3+)
Lymphocytes T
subpopulations
(double positive)
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CD3+ CD4+ Lymphocytes CD3 CD4 HD (% CD4+)
Lymphocytes T Lymphocytes CD3 CD4 CTLA4 (% CD4+)
subpopulations Lymphocytes CD3 CD4 CTLA4+ PD1+ (% CD4+)
(% of lymphocytes | Lymphocytes CD3 CD4 PD1+ (% CD4+)

. | Lymphocytes CD3 CD4 PD1 High + (% CDA4+)
T CD3+CDa+ | ¥ phocytes CD3 CD4 CD28 (MF1)
%CD4+) Lymphocytes CD3 CD4 CTLA-4 (MFI)
Lymphocytes CD3 CD4 PD1 (MFI)
%TCD3+: % of total lymphocytes CD3+. %CD4+: % of lymphocytes CD3+CD4+; %CD8+: % of
lymphocytes CD3+CD8+. MFI: Mean Fluorescence Intensity. HD: highly differentiated.

3.5.3 Sample selection

Higher value samples were those one related to critical timepoints of the ICI treatment
as prior to first treatment dose (basal o C1D1), prior to second administration (C2D1),
time of best tumoral response (BR) and time of progression disease (PD). Those sample

results were selected for the statistical analysis.

Date of best response is defined as the first date in which the tumor reaches the best
RECIST 1.1 o RANO category. Therefore, if a patient starts treatment and eight weeks
later reaches the partial response that would be the date although the percentage
continues decreasing. If the tumor keeps improving and disappear (complete response),

he would have reached a better category and this would be the date of best response.
3.6 Tumor Samples
Tumor samples were selected based on the following criteria:

Tumor samples were located at pathological anatomy service of Hospital Clinic of
Barcelona. From those available, we selected the most recent sample collected before
starting ICI therapy, giving priority to samples from metastatic sites rather than primary

tumors.

A minimum of 3 samples were collected from the archive whenever possible. We started
working with the top priority sample and reviewed the stromal tumor-infiltrating
lymphocytes (TILs) and the percentage of tumor cells present in the sample. In the cases
of resection specimens with several slides included, we selected the most appropriated

tumor slide.

TILs are a type of immune cells which are located dispersed in the stroma between the
carcinoma cells but not directly in contact with them. TILs include all mononuclear cells
(lymphocytes and plasmatic cells) and exclude others like granulocytes and

polymorfonuclear leukocytes.
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TILs are reported based on stromal compartment (= % stromal TILs). The denominator
used to determine the % stromal TILs is the area of stromal tissue (i.e. area occupied by
mononuclear inflammatory cells over total intratumoral stromal area), not the number of
stromal cells (i.e. fraction of total stromal nuclei that represent mononuclear inflammatory

cell nuclei).

For our study, we selected a hematoxilin eosin stained section (section of standard
thickness of 4-5 um is often) of formalin fixed paraffin embedded tissues. This slide was
reviewed by our pathologist by microscope magnification of x200-400 in light microscopy

without the need for immunohistochemical staining. TILs were scored as a continuous

variable.

HE staining of poorly differentiated ovarian
tumor with some lymphocytes in the tumor
stroma around the 30% (20x)

The percentage of tumor cells was also assessed. Its evaluation was carried out by
reviewing an hematoxilin eosin slide where an area of the tumor was selected. This area
may or may not be the entire surface of the sample. Over this section, the % of tumor
cells present was assessed. It consists of an approximation of the amount of tumor cells
present, in relation to the stroma and another type of accompanying cellularity in that

area.

HE staining of poorly differentiated gastric HE staining of ductal infiltrating breast
carcinoma in endoscopy biopsy with around carcinoma with around the 60% of tumor cells
35% of tumor cells (10x) (20x)
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The pathological anatomy reports were reviewed to see if an MSI and PDL1 study had
been performed, noting the result in all those cases that was available. Also the clinical

history was reviewed to detect some MSI results of external molecular studies.

The internal MSI study had been done with four inmunohistochemical markers: MLH1
(M1, Ventana), MSH2 (G219-1129, Ventana), MSH6 (SP93, Ventana) y PMS-2 (A16-4,
Ventana) with Benchmark Ultra (ROCHE) machine, whose results were interpretated as
positive or negative nuclear staining in tumoral cells. In other cases, this study had been
done with molecular IdyllaMT MSI Test by Biocartis, whose results were “mutation is
detected” or not detected. The final conclusion was to identify whether the tumor was
stable (MSS) or unstable (MSI).

The PDL1 study was done with primary antibody PDL1 IHQ (22C3) pharmaDX of Dako
in the Autostainer link 48 (DAKO) machine. And the interpretation of its result was carried
out following the indications of each tumor type, either with TPS (tumor proportion score)

or CPS (combined positive score) and their accepted ranges for each organ.

We also studied the expression of PD1 gene in mRNA using the nCounter platform
(Nanostring Technologies)(123). The selection of the sample for this part of the study

was made following the previously mentioned criteria and also included:
1. Selection of the sample prior to the start of immune therapy
2. Excluding samples from lymph nodes and cell blocks
3. Material confirmation check in the selected paraffin block

4. A section of the FFPE tissue was first examined with hematoxilin eosin staining
to confirm presence of invasive tumor cells and determine the tumor area. It was
necessary that the samples had a minimum of 10% tumor cellularity in @ minimum

surface of 4 mm2

5. For RNA purification (Roche® High Pure FFPET RNA isolation kit), between 1
and 8 sections of 10 y thickness of each of the blocks has been made, and they
were introduced into an eppendorf to perform the mRNA extraction study and
adequate analysis. Macrodissection was performed, when needed, to avoid
normal contamination. The exact number of sections that was necessary for each

sample depends on tumor surface present, if the sample was:
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Core or small biopsy:

Tumor area (mm?) | Number of sections

<6 mm?2 8
7-12 mm? 4
> 13 mm? 2

Resection specimen

Tumor area (mm?) | Number of sections

4-19 mm2 6
20-99 mm2 3
2100 mm?2 1

A minimum of ~50 ng of total RNA was used to measure the expression of PD1 using
the nCounter platform (Nanostring Technologies, Seattle, WA, US). The reaction was
performed using DNA oligonucleotides that correspond to this target sequence of PD1:
[CTTCTTCCCAGCCCTGCTCGTGGTGACCGAAGGGGACAACGCCACCTTCACCTG
CAGCTTCTCCAACACATCGGAGAGCTTCGTGCTAAACTGGTACCGC]. Raw
Nanostring counts were subjected to a technical normalization using five housekeeping
genes (ACTB2, MRPL19, PSMC4, RPLPO and SF3A1). This normalization is done by
dividing all counts of each sample by a normalization factor that is calculated by the
geometric mean of the 5 HK genes of each sample and then log base 2 transformed.
Samples with 20 or fewer counts in at least 70% of the genes were removed. The entire

expression data was scaled from 0 to 10 (123).

3.7 Statistical Analysis

Progression-Free Survival (PFS) was defined as the time from immunotherapy start to
disease progression or death from any cause, whichever occurred first. Overall Survival
(OS) was defined as the time from immunotherapy start to patients’ death from any
cause. PFS and OS were estimated by using the Kaplan-Meier method.

Clinical Benefit Rate was defined as the proportion of patients achieving SD, PR or CR
as best response, while Overall Response Rate (ORR) was defined as the proportion of
patients achieving PR or CR as best response. Durable control benefit was included
patients achieving CR+PR+SD retained at 6 months as BR.

Specific statistical analysis will be mentioned in each objective during the following

sections.
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Chapter 4. Results

Chapter 4.1 Population Recruited

Between May 2017 and March 2022, 215 patients signed the inform consent form, 173
patients entered the study and 164 received an anti-PD1/anti-PD-L1-based treatment.

The selection process for the purpose of this analysis is resumed in Figure 1(124).

Figure 1. STROBE flow-chart.

Patients screened for
Immunoblood study
N=215

T

Patients excluded from Immunoblood study
N=42

Reasons for exclusion:

Did not receive an ICI (N=28)

Lack of mandatory blood simples (N=6)

Concomitant hematologic malignancy (N=3)
Adjuvant ICI, ultimately non-metastatic disease (N=2)
Early exitus due to toxicity (N=2)

Non radiologically evaluable by RECIST (N=1)

A4

[ Total Patients elegible for analysis }

N=173

Total Patients Treated with Total Patients Treated with Total Patients Treated with
anti-PD1 anti-PDL1 ICl other than antiPD1/antiPDL1
N=132 N=32 N=9

Legend. ICl: immune-checkpoint inhibitors.

The median follow-up at the data cut-off (23/12/2023) was 38,3 months (95% CI: 36,1-

58,6). All patients and tumors characteristics are detailed in Table 6.
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Table 6. Population characteristics

TOT | TOTAL | Anti PD1 Anti AntiPDLA1 Anti Other Other
AL - - % -N PD1 - -N PDL1 Target - Target -
N % -% N %
Total Number of 173 100 132 100 32 100 9 100
patients
Age Mean 63,2 64,2 60,3 58,2
Standard 11,5 10,5 15 8,3
Deviation
Gender Female 65 37,6 50 37,9 9 28,1 6 66,7
Male 108 62,4 82 62,1 23 71,9 3 33,3
Tumor type Lung 47 27,2 42 31,8 3 9,4 2 22,2
Prostate 8 4,6 3 2,3 5 15,6 0 0,0
Renal 6 3,5 4 3,0 2 6,3 0 0,0
Suprarenal 1 0,6 0 0,0 1 3,1 0 0,0
Urothelial 7 4,0 4 3,0 3 9,4 0 0,0
Cancer
Breast 15 8,7 11 8,3 1 3,1 3 33,3
Colorectal 33 19,1 30 22,7 0 0,0 33,3
cancer
Head & Neck 10 5,8 4 3,0 6 18,8 0 0,0
Melanoma 8 4.6 4 3,0 4 12,5 0 0,0
Esofagous 4 2,3 2 1,5 1 3,1 1 11,1
Gastric cancer 5 29 5 3,8 0 0,0 0,0
Ginecologic 9 5,2 7 5,3 2 6,3 0 0,0
cancer
Sarcoma 1 0,6 0 0,0 1 3,1 0 0,0
CNS 8 4,6 7 53 1 3,1 0 0,0
Timo 1 0,6 0 0,0 1 3,1 0 0,0
Cholangiocarc 5 2,9 4 3,0 1 3,1 0 0,0
inoma
Merckell Cells 1 0,6 1 0,8 0 0,0 0 0,0
Hepatocarcino 2 1,2 2 1,5 0 0,0 0,0
ma
Pancreas 1 0,6 1 0,8 0 0,0 0 0,0
Unknown 1 0,6 1 0,8 0 0,0 0 0,0
origin
Metastatic at Yes 97 56,1 79 59,8 14 43,8 4 44,4
diagnosis
No 76 43,9 53 40,2 18 56,3 5 55,6
ECOG basal 0 54 31,2 23 17,4 31 96,9 0 0,0
1 100 57,8 91 68,9 1 3,1 8 88,9
2 17 9,8 16 12,1 0 0,0 1 11,1
3 2 1,2 2 1,5 0 0,0 0 0,0
Inmune therapy Inmunne 34 19,7 28 21,2 4 12,5 2 22,2
status naive
No inmunne 139 80,3 104 78,8 28 87,5 7 77,8
naive
TILs 0-10 % 91 52,6 64 48,5 21 65,6 6 66,7
>10-40 % 18 10,4 16 12,1 2 6,3 0 0,0
>40 % 0 0,0 0 0,0 0 0,0 0 0,0
Not available 64 37,0 52 39,4 9 28,1 3 33,3
PDL1 (22C3) % Negative 12 6,9 10 7,6 2 6,3 0 0,0
(<1%)
Positive (21%) 40 23,1 33 25,0 5 15,6 22,2
Not available 121 69,9 89 67,4 25 78,1 7 77,8

38



Microsatellite MSS 62 35,8 56 42,4 4 12,5 2 22,2
Instability
MSI 6 3,5 5 3,8 1 3,1 0,0
Not available 98 56,6 71 53,8 27 84,4 0,0
TMB 0-10 20 11,6 19 14,4 1 3,1 0 0,0
>10 3 1,7 3 23 0 0,0 0 0,0
Not available 150 86,7 110 83,3 31 96,9 9 100,0
RT in the 30 days | No 163,0 94,2 122 92,4 32 100,0 9 100
before C1D1
Yes 10,0 5,8 10 7,6 0 0,0 0 0
ATB in the 30 No 164,0 94,8 125 94,7 30 93,8 9 100
days before C1D1
Yes 9,0 52 7 5,3 2 6,3 0 0
Corticoid in the 30 | No 156,0 90,2 117 88,6 30 93,8 9 100
days before C1D1
Yes 17,0 9,8 15 11,4 2 6,3 0 0
LNR Basal 0-3 71 41,0 56 42,4 14 43,8 1 11,1
>3-5 49 28,3 40 30,3 8 25,0 1 11,1
>=5 53 30,6 36 27,3 10 31,3 7 77,8
LDH Basal <450 (ULN) 92 53,2 74 56,1 17 53,1 1 11,1
> 450 (ULN) 70 40,5 48 36,4 14 43,8 8 88,9
LDH not 11 6,4 10 7,6 1 3,1 0,0
available
dNLR Basal <3 127 73,4 98 74,2 25 78,1 4 44,4
23 46 26,6 34 25,8 7 21,9 5 55,6
LIPI Basal Good 73 42,2 58 43,9 15 46,9 0 0,0
Intermediate 68 39,3 51 38,6 12 37,5 5 55,6
Poor 21 12,1 13 9,8 4 12,5 4 44,4
Not available 11 6,4 10 7,6 1 3,1 0 0,0
due to lack of
LDH
RMH_Score Low risk 84,0 48,6 67 50,8 16 50,0 1 11,1
High risk 60,0 34,7 40 30,3 12 37,5 8 88,9
Not available 29,0 16,8 25 18,9 4 12,5 0 0,0
PMH_Score Low risk 56,0 32,4 42 31,8 14 43,8 0 0,0
High risk 94,0 54,3 70 53,0 15 46,9 9 100,0
Not available 23,0 13,3 20 15,2 3 9,4 0 0,0
GRIm_Score Low risk 133,0 76,9 103 78,0 26 81,3 4 44,4
High risk 23,0 13,3 14 10,6 4 12,5 5 55,6
Not available 17,0 9,8 15 11,4 2 6,3 0 0,0
PIPO_Score Low risk 41 23,7 28 21,2 13 40,6 0,0
Intermediate 94 54,3 75 56,8 14 43,8 55,6
risk
High risk 9 5,2 4 3,0 1 3,1 4 44,4
Not available 29 16,8 25 18,9 4 12,5 0 0,0
Type of regimen Monotherapy 92 53,2 61 46,2 23 71,9 8 88,9
durin
immugnoblood Immunotherap 36 20,8 33 25,0 3 9,4 0 0,0
study y combination
Immunotherap 45 26,0 38 28,8 6 18,8 1 11,1
y + Other
Line of therapy 1L 45 26,0 40 30,3 5 15,6 0 0,0
durin
immugnoblood 2L 50 28,9 41 31,1 9 28,1 3 33,3
study 3L 33 19.1 25 18,9 8 25,0 0 0,0
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4L 20 11,6 15 11,4 5 15,6 2 22,2
251 16 9,2 11 8,3 5 15,6 4 44,4
Clinical Trial Yes 123 71,1 48 36,4 30 93,8 9 100,0
ic#:rr‘g:%oblood No 50 28,9 84 63,6 2 6,3 0 0,0
study
Best response PD 86 49,7 69 52,3 1 34,4 6 66,7
SD 58 33,5 39 29,5 16 50,0 3 33,3
PR 22 12,7 19 14,4 3 9,4 0 0,0
CR 7 4,0 5 3,8 2 6,3 0 0,0

Legend. N: number. CNS central nervous system. ECOG: Eastern Cooperative Oncology Group
scale. TILs: tumor infiltrating lymphocytes. MSS: microsatellite stable. MSI: microsatellite instable.
TMB: tumor mutational burden. RT: radiotherapy. ATB: antibiotic. LNR: lymphocyte neutrophil
ratio. dNLR: derive lymphocyte neutrophil ratio. ULN: upper limit of normality. LIPI: lung immune
prognosis index. RMH: Royal Marsden score. PMH: Princess Margaret Hospital score. GRIm:

Gustave Roussy Immune Score. PIPO: Phase | Prognostic Online score.

A summary of the activity and efficacy outcomes seen in this population is reported in

Table 7.
Table 7: Activity and efficacy of ICl in the overall study population

STUDY POPULATION OUTCOMES
PD timing N %
<4 months from ICI start 105 60.7
>4 months from ICI start 68 39.3
Best response N %
Complete response 7 4.0
Partial response 22 12.7
Stable disease 59 34.1
Progressive disease 85 49.1
ORR % 95%ClI
CR+PR 16.8 11.5% - 23.2%
DCB % 95%CI
CR+PR+SD=6 months 50.9 43.2% - 58.5%
Median PFS (months) N 95%ClI
2.5 20-37
Median OS (months) N 95%Cl
13.3 99-174
12-month PFS N (%) 95%CI
32 (18.5) 13.5% - 25.3%
12-month OS N (%) 95%CI
88 (50.9) 45.0% - 60.0%

Legend. Cl: confidence interval; CR: complete response; DCB: durable clinical benefit; ICI:
immune-checkpoint inhibitor; N: number; ORR: overall response rate; PD: disease progression;
PR: partial response; PFS: progression-free survival; SD: stable disease; OS: overall survival.
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Chapter 4.2 PRIMARY OBJECTIVE:

Serial assessment of lymphocytes subpopulation levels
over time as biomarker of response or resistance to ICI.

4.2.1 Introduction

Several studies have been performed so far in order to investigate the potential of
lymphocytes as biomarker. Preliminary results were found with specific subpopulations
at baseline or their dynamics (7,100-102,108,108-112). Nevertheless, most of them
were studies with a short number of patients and focused in single cancer diagnosis
(mainly NSCLC). To our knowledge, no studies have been done with large multitumor
populations exploring baseline lymphocytes subpopulations and their dynamics during
treatment. Therefore, we decided to explore this setting in order to identify potential

agnostic biomarkers for ICl candidates. Data reported here has not been published yet.
4.2.2 Material y methods
Study design and participants

Full inclusion/exclusion criteria and study procedures have already been reported in
chapter 3: Methodology so only specific details related to this analysis are mentioned

here. For further details refer to the relevant previous section.

We considered evaluable for this analysis all participants treated with an ICI with
radiological data available for an independent assessment of tumor responses according
to RECIST 1.1 o RANO criteria (120,122) and lymphocytes subpopulations results
available for at least one of the first two simples (C1D1, C2D1). Patients with available
baseline imaging experiencing a rapid progression leading to death, hence with no

available radiologic reassessment, were also included.
Procedures

Blood samples were collected at C1D1, C2D1 and as close as possible to the evaluation
of every evaluation of response and shipped to Immunotherapy Department for their
analysis. Collection dates and evaluations of response by RECIST 1.1 / RANO criteria
were used to correlate specific samples with the best response (BR) (if no progression
at first CT scan) or progression disease (PD) timepoints. Treatments and follow-up
procedures were decided outside of this study according to study protocols and clinicians

opinion. All data were retrieved from electronic patient charts.
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Study endpoints and outcomes

There was no prespecified sample size because of the exploratory nature of this study.
The accrual was terminated after 4 years, and the clinical data cut-off was established
when a minimum follow-up including at least one reassessment of the disease for every

included patient was reached.

This analysis was intended to correlate lymphocyte subpopulation levels to response, in
terms of overall response rate (ORR) and disease control benefit (DCB), and survival, in

terms of progression-free survival (PFS) and overall survival (OS).

The evaluation of response for the purpose of this study were performed in accordance
to RECIST 1.1 and RANO criteria[21]. Tumoral responses were classified as SD,
progressive disease (PD), complete (CR) or partial response (PR) independently by the
same expert (Javier Garcia Corbacho) from the Clinical Trials Unit of the HCB [21]. For
the ORR assessment we considered all patients achieving CR o PR as best response,

while for DCB we included all patients achieving CR, PR o SD.
Statistical analysis

Mean value and standard deviation of all lymphocyte subpopulations at each selected
timepoint (C1D1, C2D1, BR and PD) were calculated. Trends of each population in terms
of mean value were reported by graphs restricted to all the population and to the
population achieving a PR o CR (Objective Response Population; ORP). Significant
variations in the mean value of all ymphocyte subpopulations at the timepoints of interest
were analyzed by ANOVA for total population and ORP. Subpopulations with statistically
significant results were analyzed by pairwise comparison to evaluate differences
between specific timepoints (C1D1 vs C2D1, C1D1 vs BR, C1D1 vs PD, C2D1 vs BR,
C2D1 vs PD, BR vs PD) for both populations. Associations of each subpopulation at
C1D1 and C2D1 with ORR and DCB were studied by univariate logistic regressions.
Univariate Cox regressions were performed to test the associations of each
subpopulation with PFS and OS. Statistically significant results were correlated in order

to identify the subpopulations of major interest as potential biomarker.
4.2.3 Results

A total of 989 samples were collected from our population, 475 (48%) of which
corresponded to C1D1, C2D1, BR o PD. Out of our 173 patients, 151 (87.3%) had paired
blood samples on the first two cycles, while 15 (8.7%) and 7 (4%) only had a sample
from C1D1 o C2D1 respectively. Only 31 patients (17.9%) had a sample correlated with

the best response which is explained by the fact that a minority of patients had benefit
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with ICI therapy and did no progress on the first CT scan. Nevertheless, most of the

patients had experienced a progression disease at our cutoff date so the number of PD
samples is much higher (120, 69.4%) (Table 8).

Table 8: summary of samples collected.

N° patients | Patients with | Patients with | Patients with TOTAL
with samples paired C1D1 only C2D1 only Patients
at specified samples samples samples N =173 (100%)
timepoints (%) N (%) N (%)

(% from total

patients)

C1D1 151 (87.3%) 15 (8.7%) 0 (0%) 166 (95.9%)
C2D1 151 (87.3%) 0 (0%) 7 (4%) 158 (91.3%)
BR 18 (10.4 %) 8 (4.6%) 5(2.9%) 31 (17.9%)
PD 107 (61.8%) 8 (4.6%) 5(2.9%) 120 (69.4%)
TOTAL N° of 427 31 17 Total N of
samples per samples:
timepoint 475

Legend. C1D1: cycle 1 day 1. C2D1: cycle 2 day 1. N: number. BR: best response. PD:
progression disease.

Mean, Standard Deviation, Anova And Pairwise Comparison

Mean value and the standard deviation of each lymphocyte subpopulation at the selected
timepoints (C1D1, C2D1, BR, PD) were performed. Afterwards, we run an ANOVA
analysis to evaluate significant variations in the mean value of each subpopulation
between those timepoints. Finally, statistically significant subpopulations were explored
by pairwise comparison to study significant differences between C2D1 and C1D1 without
p correction and with Bonferroni p correction. BR and PD timepoints are only identified
once the patient has received the treatment and the disease has progressed so exploring

dynamics relate those timepoints has no sense from a biomarker perspective.

Lymphocyte subpopulations means and behavior may be different in the general
population and in the patients who benefit from ICI so the statistical analysis was

performed for the total population and the objective response population (ORP).

Total Population Analysis

First, we calculated the mean value and the standard deviation of each lymphocyte
subpopulation at those selected timepoints (C1D1, C2D1, BR, PD) for the whole
population (table 9).

43



Table 9: Mean and standard deviation of each subpopulation at C1D1, C2D1, BR
and PD timepoints.

c1D1 c2D1 BR PD
Mean SD Mean SD Mean SD Mean SD
General | Lymphocytes (L)T | 6g 65 | 1342 | 68.77 | 1274 | 67.82 | 1346 | 6675 | 13.75
populatio | (CD3+)
ns LT (CD3+CD4+) 5755 | 1228 |57.65 | 1260 |56.75 | 13.40 | 56.07 [ 13.75
LT (CD3+CD8+) 3551 | 11.51 [ 34.95 [ 12.08 |36.11 [ 12.66 | 36.46 | 13.03
L B (CD19+) 9.37 6.27 9.03 6.02 10.33 [ 7.30 9.76 6.90
NK cells (CD16/56+) | 17.15 [ 1047 | 1832 [ 15.36 | 17.00 | 12.03 | 16.40 | 10.67
CD4+/CD8+ rate 1.91 0.99 1.98 1.19 1.89 1.07 1.90 1.19
Lymphoc L naive
ytes T (CD3+CCR7+CD45
subpopul | RA+) (%TCD3%) 10.88 | 7.78 10.61 | 7.48 1129 | 7.98 10.76 | 7.53
ations (%
of total Central Memory L
Lymphoc | (CD3+CCR7+CD45 | 1.96 3.26 1.83 2.24 1.77 1.97 1.44 1.53
ytes T) RO+)(%TCD3+)
Effector Memory L
(CD3+CCR7-
CD45RO+) 6.22 4.83 6.77 9.04 5.75 5.26 5.04 4.54
(%TCD3+)
Regulatory T L
(CD3+CD4+CD25+ | 1.64 2.16 1.47 2.06 1.46 2.03 1.31 1.90
FoxP3+)(%TCD3+)
CD3+PD-L1+
(%TCD3+) 243.08 | 31551 | 277.88 | 364.20 | 231.47 | 326.47 | 207.83 | 178.75
Study of CD3 CTLA4
activation | (%TCD3+) 2053 | 11.03 | 2047 | 10.32 | 19.73 | 1147 | 19.05 | 11.29
markers CD3 CTLA4+ PD1+
of total (%TCD3+) 23.94 | 1085 | 2552 | 1137 | 2464 | 1119 | 2485 | 12.03
lymphocy | CD3 PD1+
tes (% of | (%TCD3+) 1.30 1.03 1.29 1.16 1.15 0.94 1.28 1.06
total L) CD3 PD1 High +
(%TCD3+) 1.82 4.90 2.34 4.65 2.27 4.82 1.43 1.94
CD3 CD28 (MFI) 0.83 1.20 1.01 1.80 0.83 1.31 0.93 1.41
CD3 CTLA-4 (MFI) [ 1059 | 11.50 | 9.58 12.16 | 8.74 11.71 | 8.73 11.00
CD3 PD1 (MFI) 17.21 | 1257 [ 1863 | 13.37 [17.07 | 12.06 [ 1824 | 12.86
Study of CD3+CD25+
activation | (%TCD3+) 2.04 5.44 2.10 4.29 1.70 3.28 1.87 3.59
markers CD3+HLA-DR+
of total (%TCD3+) 42.08 | 2522 | 3959 | 2305 |38.77 | 2359 |3877 | 2282
lymphocy | CD3+CD40L+
tes T (% (%TCD3+) 3.14 5.51 3.63 5.95 3.44 8.05 4.72 10.36
oftotalL | CD3+CD62L+
T) (%TCD3+) 3401 |13.32 | 3231 | 1371 |3399 | 13.74 | 3462 | 13.79
CD3+CD69+
(%TCD3+) 64.85 | 24.44 | 6319 | 23.16 | 6465 | 23.87 | 67.43 | 23.52
L CD3 CD8 HD
(%TCD8+) 1.52 1.93 1.44 1.54 1.56 2.25 1.55 2.36
L CD3 CD8 CTLA4
(%TCD8+) 5745 | 1507 | 5949 | 1539 | 5826 | 1549 | 57.07 | 15.35
L CD3 CD8 CTLA4+
PD1+ (%TCD8) 36.59 | 33.34 | 3280 | 3273 |3372 |3322 |3494 | 3253
L CD3 CD8 PD1+
(%TCD8") 9.14 6.89 10.09 | 7.67 9.07 6.68 8.30 5.49
L CD3 CD8 PD1
High+ (%TCD8+) 3.25 3.97 3.09 4.07 3.10 2.78 2.86 2.76
I(_M(I::?)3 CD8CD28 | 1504 |641 |1283 |760 |1411 |620 |1398 |6.26
I(_M(I::?)3 CD8CTLA4 | 476 | 367 |354 |282 |443 |346 |447 | 381
L CD3 CD8 PD1 1865.2 1928.2 1960.4 1885.5
(MF1) 4 84262 | , 917.81 | ¢ 949.24 | , 757.38
CD3+ CD3+ CD8+ CD4+ L
CD8+ T subpopulations
CD4+LT (double positive)
0,
subpopul | (%TCD3+) 627.13 | 10176 | 70502 | 12647 | 444 19 | 714.32 | 349.63 | 498.13
ations 0 2
(double
positive)
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CD3+ CD3CD4HD (%) | 6592 | 18.74 [ 6589 | 1753 | 62.77 | 1911 | 6553 | 18.58
CDa+ CD3 CD4 CTLA4
Lymphoc. | (#orcban) 899 |621 |935 |620 |895 |627 |824 |529
ytes T CD3 CD4 CTLA4+
Subpopul | Pots (hTeDis) 245 | 307 |216 |182 |227 |195 |198 |176
ations CD3 CD4 PD1+
CovcDan 1053 | 430 |915 |528 |99 |394 |932 |402
CD3 CD4 PD1
on itopas) | 320|250 | 250 |203 |301 |218 |288 | 242
CD3 CD4 CD28 1393.1 1460.8 1466.6 13902
D : 642.05 | 1 685.93 | 653.36 | 579.22
(CNEI’F3I)CD4 CTLA-4 | 34489 | 460.06 | 382.79 | 440.19 | 313.24 | 452.34 | 282.82 | 25757
CD3 CD4 PD1 (MFI) | 541.60 | 477.562 | 57012 | 501.49 | 548.37 | 358.32 | 54847 | 310.24

Legend. SD: standard deviation. C1D1: cycle 1 day 1. C2D1: cycle 2 day 1. BR: best response.
PD: progression disease. L:lymphocytes. CD: cluster of differentiation. HD: Highly Differentiated.
MFI: Mean Fluorescence Intensity. %TCD3+: % of total lymphocytes CD3+. %CD4+: % of
lymphocytes CD3+CD4+; %CD8+: % of lymphocytes CD3+CD8+.

Second, in the ANOVA analysis for the total population means, lymphocytes CD3 PD1+
(p=0.0094), CD3 PD1High+ (p=0.0072), CD3+CD4+ (p=0.03), CD3 CD4 PD1+
(p=0.00612), CD3 CD4 PD1 High+ (p=0.000395), CD3 CD4 CTLA-4 (MFI) (p=0.0104)
demonstrated decrease while CD3+CD8+ (p=0.0216) and CD3+ CD8+ PD1+ MFI

(p=0.0104) had a significant increase, as shown in Figure 2 / table 10.

Finally, the pairwise comparison analysis showed significant decrease between C1D1
and C2D1 for CD3 PD1+ (%) (p=0.033), CD3 PD1 High+ (%) (p=0.039), CD3 CD8 PD1
(MFI) (p=0.023), CD3 CD4 PD1+ (%) (p=0.019) and CD3 CD4 PD1 High+ (p=0.0093)
lymphocyte subpopulations. All other subpopulations showed no significant associations
(Figure 2, Table 10).

Figure 2: Total population means of specific lymphocyte subpopulations.

T Lymphocytes (CD3+CD4+) % T Lymphocytes (CD3+CD4+) %
57.55 57.65 56.75 56.07 &
e——
R ———
—
e
e ——
C1D1 C2D1 BR PD CiD1 C2D1 BR PD

A) T Lymphocytes CD3+ CD4+ % (ANOVA p=0.03)

T Lymphocytes (CD3+CD8+) % T Lymphocytes (CD3+CD8+) %

35.51 34.95 36.11 36.46

j

I

C1D1 C2D1 BR PD C1D1 Cc2D1 BR

o
o

B) T Lymphocytes CD3+ CD8+ (ANOVA p=0.0216)
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T Lymphocytes (CD3+PD1+) % T Lymphocytes (CD3+PD1+) %

08—

=

C1D1 C2Dp1 BR PD C1D1 C2D1 BR PD

C)T lymphocytes CD3 PD1+ % (ANOVA p=0.0094)

T Lymphocytes (CD3+PD1High+) % T Lymphocytes (CD3+PD1High+) %

20 - b \\m_\

CiD1 C2D1 BR PD C1D1 C2D1 BR PD

D) T Lymphocytes CD3 PD1 High (ANOVA p=0.0072)

3.20

T Lymphocytes (CD3+CD4+PD1+) % T Lymphocytes (CD3+CDA4+PD1+) %

ISN/’/—

14.11 13.98
12.83

|

Cibp1 C2D1 BR PD CiD1 C2D1 BR PD

E) T Lymphocytes CD3+ CD4+ PD1+ (ANOVA p=0.00612)

T Lymphocytes (CD3+CD4+PD1High+) % T Lymphocytes (CD3+CD4+PD1High+) %
476 4.43 4.47
3.54
CiD1 C2D1 BR PD CiD1 C2D1 BR PD

F) T Lymphocytes CD3+ CD4+ PD1 High+ % (ANOVA p=0.000395)

T Lymphocytes (CD3+CTLA4+) MFI
T Lymphocytes (CD3+CD4+CTLA4+) MFI ymphocytes ( )

705.92
627.13
444.19

———
—_—————

C1D1 Cc2D1 BR PD CiD1 Cc2D1 BR PD

G) T Lymphocytes CD3+ CD4+ CTLA4+ MFI (ANOVA p=0.0104)
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T Lymphocytes (CD3+CD8+PD1+) MFI

1468,24
1286,23 1202,53

1057,46

C1D1

C2D1 BR PD

T Lymphocytes (CD3+CD8+PD1+) MFI

CiD1 Cc2D1

H) T Lymphocytes CD3+ CD8+ PD1+ MFI (ANOVA p=0.0104)

Legend. Left graph: mean values. Right graph: single patient values. CD: cluster of differentiation.
HD: Highly Differentiated. MFI: Mean Fluorescence Intensity.

Table 10: ANOVA analysis for the total population and pairwise comparison
between C2D1 and C1D1 for statistically significant subpopulations.

ANOVA p value Pairwise
Total Population comparison
C2D1vs C1D1
NC/BC
General Lymphocytes (L) T (CD3+) 0.11
populations LT (CD3+CD4+) 0.03 >0,05/>0,05
LT (CD3+CD8+) 0.0216 >0,05/>0,05
L B (CD19+) 0.0807
NK cells (CD16/56+) 0.234
CD4+/CD8+ rate 0.517
Lymphocytes T L naive (CD3+CCR7+CD45RA+) 0.338
subpopulations | (%TCD3+)
(% of total
Lymphocytes T) Central Memory L 0.74
(CD3+CCR7+CD45R0O+)(%TCD3+)
Effector Memory L (CD3+CCR7- 0.379
CD45R0+) (%TCD3+)
Regulatory T L 0.298
(CD3+CD4+CD25+F0oxP3+)(%TCD3+)
CD3+PD-L1+ (%TCD3+) 0.308
Study of CD3 CTLA4 (%TCD3+) 0.698
activation CD3 CTLA4+ PD1+ (%TCD3+) 0.157
markers of total | CD3 PD1+ (%TCD3+) 0.0094 0.0055 / 0.033
lymphocytes (% | CD3 PD1 High + (%TCD3+) 0.0072 0.0065 / 0.039
of total L) CD3 CD28 (MFI) 0.233
CD3 CTLA-4 (MFI) 0.348
CD3 PD1 (MFI) 0.817
Study of CD3+CD25+ (%TCD3+) 0.0912
activation CD3+HLA-DR+ (%TCD3+) 0.085
markers of total | CD3+CD40L+ (%TCD3+) 0.804
lymphocytes T CD3+CD62L+ (%TCD3+) 0.35
(% of total L T) CD3+CD69+ (%TCD3+) 0.226
CD3+ CD8+ L CD3 CD8 HD (%TCD8+) 0.137
Lymphocytes T L CD3 CD8 CTLA4 (%TCD8+) 0.636
subpopulations | L CD3 CD8 CTLA4+ PD1+ (%TCD8+) 0.38
L CD3 CD8 PD1+ (%TCD8+) 0.24
L CD3 CD8 PD1 High+ (%TCD8+) 0.837
L CD3 CD8 CD28 (MFI) 0.267
L CD3 CD8 CTLA-4 (MFI) 0.381
L CD3 CD8 PD1 (MFI) 0.0104 0.0039/0.023
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CD3+ CD8+ CD4+ | CD3+ CD8+CDA4+LT 0.543

LT SP (double subpopulations (double positive)

positive) (%TCD3+)

CD3+ CD4+ CD3 CD4 HD (%) 0.783

Lymphocytes T CD3 CD4 CTLA4 (%TCDA4+) 0.418

subpopulations | CD3 CD4 CTLA4+ PD1+ (%TCD4+) 0.771
CD3 CD4 PD1+ (%TCD4+) 0.00612 0.0031 / 0.019
CD3 CD4 PD1 High+ (%TCD4+) 0.000395 0.0015 / 0.0093
CD3 CD4 CD28 (MFI) 0.465
CD3 CD4 CTLA-4 (MFI) 0.0104 >0,05/>0,05
CD3 CD4 PD1 (MFI) 0.101

Legend. C1D1: cycle 1 day 1. C2D1: cycle 2 day 1. NC: non corrected p value. BC: Bonferroni
corrected p value. L: lymphocytes. CD: cluster of differentiation. SP: subpopulation. HD: Highly
Differentiated. MFIl: Mean Fluorescence Intensity. Bold Font = statistically significant result.

Objective Response Population (ORP) Analysis

We calculated the mean value and the standard deviation of each lymphocyte
subpopulation at the selected timepoints (C1D1, C2D1, BR, PD) for the ORP (Table 11).

Table 11: mean and standard deviation of objective response population for each
subpopulation at C1D1, C2D1, best response and progression disease timepoints.

C1D1

C2D1

BR

PD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

General
populatio
ns

Lymphocytes
(L) T (CD3+)

72.33

13.53

71.92

13.90

68.75

15.42

67.02

15.17

LT
(CD3+CD4+)

59.34

13.98

57.32

13.93

57.63

14.71

59.94

11.82

LT
(CD3+CD8+)

34.53

11.90

35.36

12.82

36.64

14.14

34.04

10.78

LB (CD19+)

6.74

4.23

6.61

5.09

8.56

6.74

8.26

5.63

NK cells
(CD16/56+)

15.46

10.54

16.15

10.10

16.41

9.88

16.40

8.42

CD4+/CD8+
rate

2.00

0.92

1.94

0.97

1.91

0.99

2.02

0.92

Lymphoc
ytes T
subpopul
ations (%
of total
Lymphoc
ytes T)

L naive
(CD3+CCR7+
CD45RA+)
(%TCD3+)

8.83

7.67

9.51

8.30

10.45

6.63

9.57

4.25

Central
Memory L
(CD3+CCR7+
CD45RO+)(%
TCD3+)

1.29

1.22

1.32

1.88

2.15

1.29

0.88

Effector
Memory L
(CD3+CCRT7-
CD45RO+)
(%TCD3+)

6.24

5.02

4.34

4.12

6.12

5.59

5.17

4.05

Regulatory T L
(CD3+CD4+C
D25+FoxP3+)(
%TCD3+)

1.52

1.47

1.00

1.41

1.79

2.30

1.47

1.59

CD3+PD-L1+
(%TCD3+)

215.54

211.01

270.66

323.61

162.69

133.50

128.41

99.42

Study of
activation
markers
of total
lymphocy
tes (% of
total L)

CD3 CTLA4
(%TCD3+)

20.62

9.72

19.27

8.23

19.89

9.25

24.84

9.16

CD3 CTLA4+
PD1+
(%TCD3+)

26.48

11.62

29.63

11.80

25.36

9.39

26.05

9.03

CD3 PD1+
(%TCD3+)

1.67

1.19

1.42

1.32

0.85

2.03

1.19

CD3 PD1 High
+ (%TCD3+)

1.42

2.82

3.28

7.88

1.23

1.62

0.96

0.86
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CD3 CD28

e 0.71 0.98 093 | 115 |057 066 | 046 0.36
fN?F?’I)CTLA"‘ 1217 | 13.91 1199 | 1629 | 1046 | 1412 | 820 10.16
(CNEI’F:*I)PM 1920 | 1073 | 2150 | 1425 | 1553 | 1120 | 1418 | 650
Study of | CD3+CD25+
Setivatian | GAaeD00) 3.96 9.81 185 | 429 | o065 112 | 025 0.45
markers CD3+HLA-
oftotal | DR+ 3823 | 1919 | 3825 | 2079 |3176 | 2421 | 4115 | 1907
lymphocy | (%TCD3+)
tes T (% CD3+CD40L+
oftotalL | (oo 3.93 7.03 217 | 172 | 184 167 | 272 3.67
T CD3+CD62L+
ereDoe, 3200 | 1195 |3313 | 1397 |3490 | 1291 |3263 | 860
CD3+CD69+
ereb5m) 6235 | 2426 |6154 | 2536 |57.82 | 2540 | 6160 | 2251
CD3+ L CD3 CD8
cha HD (wTobes | 171 1.31 199 | 159 | 180 181 | 137 158
Lymphoc | L CD3 CD8
ytes T CTLA4 60.76 | 1455 | 5927 | 1629 |5007 | 13.88 | 6085 | 821
subpopul | (%TCD8+)
ations L CD3 CD8
CTLA4+ PD1+ | 35.11 2980 | 2004 |27.82 | 2374 |2730 | 2528 | 29.60
(%TCD8+)
L CD3 CD8
PD1+ 7.71 6.34 903 |789 |924 576 | 9.53 410
(%TCD8+)
L CD3 CD8
PD1 High+ 1.95 1.60 207 | 239 |263 181 | 259 141
(%TCDB8+)
L CD3 CD8
oy | 1261 6.24 966 | 602 |1346 |437 |1335 | 408
L CD3 CD8
CTiAa aaFy | 373 2.79 241 | 234 | 458 311 | 467 3.28
L CD3 CD8 2126.9 | 12685
BO1 MED 179938 | 75314 |3 ! 1006.97 | 742.92 | 187155 | 620.24
CD3+ CD3+ CD8+
CD8+ CD4+LT
CD4+L T | subpopulation 1009.0
subpopul | s (double 59245 | 868.03 | 827.11 | ;000 | 32073 | 33262 | 22801 | 147.22
ations positive)
(double (%TCD3+)
positive)
CD3+ CD3 CD4 HD
o o 6566 | 1586 | 68.80 | 16.77 | 6360 | 1841 | 62.51 15.41
Lymphoc | CD3 CD4
ytes T CTLA% 7.54 6.14 838 | 694 |910 533 | 836 461
subpopul | (%TCD4+)
ations CD3 CDh4
CTLA4+ PD1+ | 1.64 138 157 | 156 | 218 169 | 1.80 1.01
(%TCD4+)
CD3 CD4
PD1+ 9.77 5.07 703 | 419 |998 366 | 853 3.54
(%TCD4+)
CD3 CD4 PD1
High+ 2.87 225 172 | 167 | 338 221 | 276 182
(%TCD4+)
CD3 CD4 1576.8 | 1054.9
Coos MFy | 132562 | 62268 | | : 1408.40 | 552.77 | 1396.00 | 518.43
CD3 CD4
Cooasapyy | 27637 | 230.18 | 323.06 | 353.54 | 22321 | 243.30 | 15641 | 100.30
(CN?F?’I)CD“ PD1 | 43690 | 202.03 | 43550 | 248.32 | 53450 | 427.73 | 458.00 | 211.44

SD: standard deviation. C1D1: cycle 1 day 1. C2D1: cycle 2 day 1. BR: best response. PD: progression

disease.

Fluorescence Intensity. Bold Font = statistically significant result.

L:

lymphocytes. CD: cluster of differentiation. HD: Highly Differentiated. MFI: Mean
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Based on this OR population, the ANOVA analysis showed significant decrease for
Regulatory T Lymphocytes (CD3+CD4+CD25+FoxP3+) (p=0.0306), CD3 CD4 PD1
High+ (%) (p=0.0471) and CD3 CD4 CTLA-4 (MFI) (p=0.0236) (Figure 3 /Table 12).

Finally, statistically significant subpopulations were explored by pairwise comparison in
the objective response population. Non statistically significant difference was found for

any subpopulation between C2D1 and C1D1 (Figure 3, Table 12).

Figure 3: Objective response population values of specific lymphocyte

subpopulations.
Regulatory T Lymphocytes (CD3+CD4+CD25+FOXP3+) %

A) Regulatory T lymphocytes CD3+ CD4+ CD25+ FOXP3+) (ANOVA p=0.0306)

T Lymphocytes (CD3+CD4+PD1High+) %

3,73

B) T lymphocytes CD3+ CD4+ PD1 High+ (ANOVA p=0.0471)

T Lymphocytes (CD3+CD4+CTLA4+) MFI

827,1

592,45

320,73
228,01

C) T lymphocytes CD3+ CD4+ CTLA4+ MFI (ANOVA p=0.0236)

Legend. MFI: Mean Fluorescence Intensity.
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Table 12: ANOVA analysis for the objective response population.

ANOVA p value

Pairwise comparison

Objective Response C2D1vs C1D1
Population NC/BC
General Lymphocytes (L) T (CD3+) 0.321
populations LT (CD3+CD4+) 0.806
LT (CD3+CD8+) 0.907
L B (CD19+) 0.122
NK cells (CD16/56+) 0.669
CD4+/CD8+ rate 0.707
Lymphocytes T I(_o/n_?ic\;/g?ES)D3+CCR7+CD45RA+) 0.403
subpopulations C;,ntral Memory L 0.335
(% of total (CD3+CCR7+CD45RO+)(%TCD3+) '
Lymphocytes T) | Effector Memory L (CD3+CCR7- 0.534
CD45R0+) (%TCD3+)
Regulatory T L 0.0306 >0.05/>0.05
(CD3+CD4+CD25+FoxP3+)(%TCD3+)
CD3+PD-L1+ (% TCD3+) 0.464
Study of CD3 CTLA4 (%TCD3+) 0.633
activation CD3 CTLA4+ PD1+ (%TCD3+) 0.336
markers of total | CD3 PD1+ (%TCD3+) 0.0628
lymphocytes (% | CD3 PD1 High + (%TCD3+) 0.0546
of total L) CD3 CD28 (MFI) 0.313
CD3 CTLA-4 (MFI) 0.25
CD3 PD1 (MFI) 0.488
Study of CD3+CD25+ (%TCD3+) 0.944
activation CD3+HLA-DR+ (%TCD3+) 0.148
markers of total | CD3+CD40L+ (%TCD3+) 0.123
lymphocytes T CD3+CD62L+ (%TCD3+) 0.179
(% of total L T) CD3+CD69+ (%TCD3+) 0.203
CD3+ CD8+ CD3 CD8 HD (%TCD8+) 0.686
Lymphocytes T CD3 CD8 CTLA4 (%TCD8+) 0.796
subpopulations CD3 CD8 CTLA4+ PD1+ (%TCD8+) 0.257
CD3 CD8 PD1+ (%TCD8+) 0.335
CD3 CD8 PD1 High+ (% TCD8+) 0.447
CD3 CD8 CD28 (MFI) 0.355
CD3 CD8 CTLA-4 (MFI) 0.121
CD3 CD8 PD1 (MFI) 0.194
CD3+ CD8+ CD3+ CD8+ CD4+ L T subpopulations 0.558
CDa+LT (double positive) (% TCD3+)
subpopulations
(double
positive)
CD3+ CD4+ CD3 CD4 HD (%) 0.225
Lymphocytes T CD3 CD4 CTLA4 (%TCD4+) 0.439
subpopulations CD3 CD4 CTLA4+ PD1+ (%TCD4+) 0.337
CD3 CD4 PD1+ (%TCD4+) 0.0804
CD3 CD4 PD1 High+ (%TCD4+) 0.0471 >0.05/>0.05
CD3 CD4 CD28 (MFI) 0.185
CD3 CD4 CTLA-4 (MFI) 0.0236 >0.05/>0.05
CD3 CD4 PD1 (MFI) 0.0871

C1D1: cycle 1 day 1. C2D1: cycle 2 day 1. NC: non corrected p value. BC: Bonferroni corrected

p value. L: lymphocytes. CD: cluster of differentiation. HD: Highly Differentiated. MFI: Mean

Fluorescence Intensity. Bold Font = statistically significant result.
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Univariate Logistic Regression For Overall Response Rate (ORR)

Univariate logistic regression to test the association of lymphocyte subpopulation levels
with ORR were performed at C1D1 and C2D1.

In C1D1, lymphocyte B (CD19+, %) (OR 0.88, 95% confidence interval [Cl]: 0.80-0.97,
p=0.012), CD3 CD4 CTLA4+ PD1+ (%) (OR 0.77, 95%CI: 0.62-0.95, p=0.02) or CD3
CD4 PD1+ (%) (OR 0.93, 95%ClI: 0.87-0.99, p=0.03) showed a statistically significant
negative association with the possibility of reaching an objective response. All other

subpopulations showed no significant association with ORR (Table 13).

In C2D1, lymphocyte B (CD19+, %) (OR 0.90, 95% CI: 0.83-0.99, p=0.03), CD3 PD1+
(%) (OR 0.89, 95% CI: 0.80-0.98, p=0.02), L CD3 PD1 High+ (%) (OR 0.76, 95% CI:
0.59-0.97, p=0.03), CD3 CD4 PD1 High+ (%) (OR 0.81, 95% CI: 0.68-0.97, p=0.03) and
CD3 CD4 PD1+ (%) (OR 0.91, 95% CI: 0.85-0.98, p=0.01) showed a statistically
significant negative association with the possibility of reaching an objective response
(ORR). All other subpopulations showed no significant association with ORR (Table 13).

Table 13: Univariate logistic regression of each lymphocyte subpopulation levels
with ORR at C1D1 and C2D1.

ORR ORR C1D1 ORR C2D1
Odds OR - OR - P - Odds OR - OR - P-value
Ratio Lower | Upper | value Ratio Lower Upper
95CI 95CI 95CI 95CI
General Lymphocytes (L)
populations | T (CD3+) 1.03 0.99 1.07 0.13 1.03 0.99 1.06 0.17
LT (CD3+CD4+) 1.01 0.98 1.05 0.40 1.00 0.96 1.03 0.88
LT (CD3+CD8+) 0.99 0.96 1.03 0.62 1.00 0.97 1.04 0.85
L B (CD19+) 0.88 0.80 0.97 0.01 0.90 0.83 0.99 0.03
NK cells
(CD16/56+) 0.98 0.94 1.02 0.35 0.99 0.95 1.02 0.43
CD4+/CD8+ rate 1.12 0.75 1.67 0.58 0.97 0.67 1.39 0.85
Lymphocyt | L naive
esT (CD3+CCR7+C
subpopulati | D45RA+) 1.00 0.96 1.03 0.79 0.98 0.94 1.02 0.40
ons (% of (%TCD3+)
total Central Memory
Lymphocyt | L
esT) (CD3+CCR7+C 1.00 0.96 1.04 0.97 0.99 0.94 1.03 0.53
D45RO+)(%TC
D3+)
Effector Memory
L (CD3+CCR7-
CD45RO+) 1.03 0.99 1.06 0.19 1.04 1.00 1.07 0.05
(%TCD3+)
Regulatory T L
(CD3+CD4+CD2
5+FoxP3+)(%TC 1.46 0.99 2.15 0.06 1.1 0.79 1.57 0.54
D3+)
CD3+PD-L1+
(%TCD3+) 0.89 0.60 1.32 0.57 0.97 0.75 1.26 0.82
Study of CD3 CTLA4
activation (%TCD3+) 0.95 0.89 1.02 0.17 0.97 0.90 1.04 0.37
markers of CD3 CTLA4+
total PD1+ 0.77 0.59 1.01 0.06 0.76 0.57 1.02 0.07
lymphocyte | (%TCD3+)
s (% of total | CD3 PD1+
L) (%TCD3+) 0.95 0.86 1.05 0.29 0.89 0.80 0.98 0.02
CD3 PD1 High
+ (%TCD3+) 0.94 0.79 1.1 0.44 0.76 0.59 0.97 0.03
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CD3CD28 (MFI) | 1.00 | 1.00 | 1.00 | 053 | 1.00 1.00 1.00 0.34
(CMDF%CT'—A"‘ 100 | 1.00 | 100 | 039 | 1.00 1.00 1.00 0.44
CD3PD1 (MF) | 1.00 | 100 | 100 | 048 | 1.00 1.00 1.00 0.13
Study of CD3+CD25+
aetivation | (TCD39) 101 | 098 | 105 | 042 | 1.02 0.99 1.05 0.27
markers of CD3+HLA-DR+
o TeD3e) 101 | 098 | 105 | 036 | 1.02 0.99 1.05 0.23
lymphocyte | CD3+CD40L+
SThof | (h10DoY 106 | 1.00 | 112 | 007 | 098 0.88 1.09 0.75
total LT) CD3+CD62L+
eTeD3A) 099 | 097 | 101 | 037 | 100 0.98 1.02 0.74
CD3+CD69+
TeD3%) 103 | 097 | 109 | 042 | 088 0.73 1.05 0.15
CD3+ CD8+ | CD3 CD8 HD
Lymphoeyt | (41CDBY) 099 | 098 | 101 | 054 | 100 0.98 1.01 0.68
esT CD3 CD8
subpopulati | CTLA4 096 | 091 | 101 | 012 | o098 0.92 1.03 0.40
ons (%TCD8+)
CD3 CD8
CTLA4+ PD1+ 083 | 063 | 109 | 017 | 073 0.51 1.03 0.08
(%TCD8+)
CD3 CD8 PD1+
(4TCDBY) 100 | 092 | 109 | 097 | 092 0.84 1.01 0.09
CD3 CD8 PD1
High+ 097 | 079 | 118 | 073 | 084 0.63 1.10 0.20
(%TCD8+)
(CMDF%CDS CD28 | 100 | 100 | 100 | 054 | 1.00 1.00 1.00 0.18
CD3 CD8 CTLA-
4 (VP 100 | 1.00 | 100 | 061 | 1.00 1.00 1.00 0.91
EMDF%CDS PD1 100 | 1.00 | 100 | 027 | 1.00 1.00 1.00 0.09
CD3+ CD8+ | CD3+ CD8+
CD4+LT | CDa+LT
subpopulati | subpopulations 1.05 0.88 1.26 0.56 1.25 0.99 1.58 0.06
ons (double | (double positive)
positive) (%TCD3+)
CD3+ CD4+ | CD3 CD4 HD 100 | 099 | 101 | 079 | 100 | o098 1.01 0.51
Lymphocyt | (%)
esT CD3CD4
subpopulati | CTLA4 096 | 091 | 102 | 022 | o098 0.92 1.04 0.43
ons (%TCDA4+)
CD3 CD4
CTLA4+PD1+ | 077 | 062 | 095 | 002 | 083 0.68 1.03 0.09
(%TCD4+)
CD3 CD4 PD1+
(TCDA%) 093 | 087 | 099 | 003 | 091 0.85 0.98 0.01
CD3 CD4 PD1
High+ 090 | 079 | 102 | 010 | o081 0.68 0.97 0.03
(%TCD4+)
fMDF?’I)CD“ CD28 | 100 | 100 | 100 | 064 | 1.00 1.00 1.00 0.22
CD3 CD4 CTLA-
. 100 | 1.00 | 100 | 084 | 1.00 1.00 1.00 0.59
?MDS)CD“ PD1 100 | 099 | 100 | 033 | 1.00 0.99 1.00 0.09
ORR: overall response rate. OR: odds ratio. Cl: Confidence interval. C1D1: cycle 1 day 1. C2D1:

cycle 2 day 1. BR: best response. PD: progression disease. L: lymphocytes. CD: cluster of

differentiation. HD: Highly Differentiated. MFI: Mean Fluorescence Intensity. Bold Font =

statistically significant result.

Univariate Logistic Regression For Disease Control Benefit (DCB)

Univariate logistic regression to test the association of lymphocyte subpopulation levels

with DCB were performed at C1D1 and C2D1.
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In C1D1, CD3 PD1 (MFI) (OR 0.998, 95%CI: 0.997-0.999, p=0.04), CD3 CD8 PD1 (MFI)
(OR 0.999, 95%CI: 0.998-0.999, p=0.03) and CD3 CD4 PD1+ (%) (OR 0.93, 95%CI:
0.88-0.99, p=0.01), showed a statistically significant negative association with the

possibility of reaching a stable, partial o complete response (DCB).

In C2D1, lymphocyte B (CD19+, %) (OR 0.92, 95% CI: 0.86-0.98, p=0.01), CD3 PD1+
(%) (OR 0.92, 95% CI: 0.85-0.99, p=0.03), CD3 CD4 PD1 High+ (%) (OR 0.86, 95% CI:
0.76-0.99, p=0.03), CD3 PD1+ High+ (%) (OR 0.83, 95% CI: 0.69-1.00, p=0.048), CD3
CD4 PD1+ (%) (OR 0.94, 95% CI: 0.89-1.00, p=0.04) and CD3 CTLA4+ PD1+ (%) (OR
0.80, 95% CI: 0.65-1.00, p=0.045) showed a statistically significant negative association
with the possibility of reaching a DCB. All other subpopulations showed no significant
association with DCB.

Table 14: Univariate logistic regression of each lymphocyte subpopulation levels
with DCB at C1D1 and C2D1.

DCB DCB C1D1 DCB C2D1
Odds OR - OR - P- Odd OR - OR - OR -
Ratio Lower | Upper | value Ratio Lower Upper P-
95ClI 95ClI 95ClI 95CI value
General Lymphocytes (L) | 441 | 098 | 104 | 046 1.00 0.97 1.03 0.97
populations | T (CD3+) ) ) ) ) ) ) ) )
LT (CD3+CD4+) 1.00 0.97 1.03 0.89 0.99 0.96 1.02 0.43
LT (CD3+CD8+) 1.00 0.97 1.03 0.94 1.01 0.98 1.04 0.45
L B (CD19+) 0.94 0.88 1.00 0.07 0.92 0.86 0.98 0.01
NK cells
(CD16/56+) 1.00 0.97 1.03 0.92 1.00 0.98 1.02 0.92
CD4+/CD8+ rate 0.96 0.68 1.35 0.81 0.79 0.57 1.10 0.17
Lymphocyt | L naive
esT (CD3*CCRT*C | 97 | 094 | 101 | 041 097 | 094 | 100 | 008

subpopulati | D45RA+)

ons (% of (%TCD3+)
total Central Memory
Lymphocyt | L

esT) (CD3+CCR7+C 1.01 0.98 1.04 0.67 1.02 0.98 1.05 0.34
D45RO+)(%TC
D3+)

Effector Memory
L (CD3+CCR7-
CD45R0+)
(%TCD3+)
Regulatory T L
(CD3+CD4+CD2
5+FoxP3+)
(%TCD3+)
CD3+PD-L1+
(%TCD3+)
Study of CD3 CTLA4
activation (%TCD3+)
markers of CD3 CTLA4+
total PD1+ 0.95 0.82 1.09 0.44 0.80 0.65 1.00 0.045
lymphocyte | (%TCD3+)
s (% of total | CD3 PD1+

1.03 0.99 1.06 0.10 1.02 0.99 1.06 0.12

1.19 0.86 1.65 0.30 1.25 0.94 1.67 0.13

0.81 0.58 1.14 0.23 0.95 0.77 1.18 0.65

1.00 0.95 1.06 0.92 0.97 0.92 1.03 0.29

) (%TCD34) 093 | 086 | 101 | 007 0.92 0.85 0.99 0.03
CD3 PD1 High
+ (4TCD3¥) 096 | 083 | 100 | 051 0.83 0.69 1.00 0.048
CD3 CD28 (MFI) | 1.00 | 1.00 | 1.00 | 0417 1.00 1.00 1.00 0.81
(CMDF?’I )CTLA"‘ 100 | 100 | 100 | 088 1.00 1.00 1.00 0.82
CD3 PD1 (MFl) | 0.998 | 0.997 | 0.999 | 0.04 1.00 1.00 1.00 0.12
Study of CD3+CD25+
actiuation | (6TOD39) 100 | 097 | 103 | 092 1.01 0.98 1.03 0.65
markers of | CD3+HLA-DR+ 1.01 098 | 1.03 | 063 1.01 0.99 1.04 0.42

total (%TCD3+)
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lymphocyte | CD3+CD40L+

sT (% of (%TCD3+) 1.03 0.97 1.09 0.36 0.95 0.86 1.05 0.31

total L T) CD3+CD62L+

(%TCD3+) 0.99 0.97 1.00 0.13 0.99 0.98 1.01 0.31

CD3+CD69+

(%TCD3+) 1.01 0.95 1.07 0.78 0.96 0.89 1.04 0.34

CD3+ CD8+ | CD3 CD8 HD

Lymphocyt | (%TCD8+) 1.00 0.99 1.01 0.89 1.00 0.98 1.01 0.57

esT CD3 CD8
subpopulati | CTLA4 1.00 0.95 1.04 0.84 0.97 0.92 1.01 0.14
ons (%TCD8+)

CD3 CD8
CTLA4+ PD1+ 098 | 08 | 110 | 076 0.93 0.78 1.10 0.39
(%TCD8+)

CD3 CD8 PD1+

(%TCD8+) 1.05 0.98 1.12 0.20 1.01 0.97 1.05 0.58

CD3 CD8 PD1
High+ 1.05 0.90 1.21 0.54 0.94 0.79 1.12 0.52
(%TCD8+)

CD3 CD8 CD28

(MFI) 1.00 1.00 1.00 0.09 1.00 1.00 1.00 0.49

CD3 CD8 CTLA-

4 (MFI) 1.00 1.00 1.00 0.43 1.00 1.00 1.00 0.69

CD3 CD8 PD1

(MFI) 0.999 0.998 | 0.999 0.03 1.00 1.00 1.00 0.21

CD3+ CD8+ | CD3+ CD8+
CD4+LT CD4+LT
subpopulati | subpopulations 1.01 0.85 1.19 0.95 1.03 0.83 1.28 0.77
ons (double | (double positive)
positive) (%TCD3+)

CD3+ CD4+ | CD3 CD4 HD

Lymphocyt | (%) 0.99 0.98 1.00 0.31 0.99 0.98 1.00 0.17

esT CD3 CD4
subpopulati | CTLA4 1.01 0.96 1.06 0.75 1.00 0.96 1.05 1.00
ons (%TCD4+)

CD3 CD4
CTLA4+ PD1+ 094 | 084 1.06 | 032 1.00 0.93 1.09 0.91
(%TCD4+)

CD3 CD4 PD1+

(%TCD4+) 0.93 0.88 0.99 0.01 0.94 0.89 1.00 0.04

CD3 CD4 PD1
High+ 094 | 086 | 1.04 | 023 0.86 0.76 0.99 0.03
(%TCD4+)

CD3 CD4 CD28

(MF1) 1.00 1.00 1.00 0.60 1.00 1.00 1.00 0.26

CD3 CD4 CTLA-

4 (MFI) 1.00 1.00 1.00 0.18 1.00 1.00 1.00 0.09

CD3 CD4 PD1

(MFI) 1.00 0.99 1.00 0.14 1.00 0.99 1.00 0.06

Legend. ORR: overall response rate. OR: odds ratio. Cl: Confidence interval. C1D1: cycle 1 day
1. C2D1: cycle 2 day 1. BR: best response. PD: progression disease. L: lymphocytes. CD: cluster
of differentiation. HD: Highly Differentiated. MFI: Mean Fluorescence Intensity. Bold Font =
statistically significant result.

Univariate Cox Regression For Progression Free Survival (PFS)

Univariate Cox regressions to test the association of lymphocyte subpopulation levels
with PFS were performed at C1D1 and C2D1.

In C1D1, Lymphocyte B (CD19+) (Hazard ratio [HR]= 1.03, 1.01 — 1.05, p=0.01) and
CD3 CD4 PD1+ (%) (HR= 1.03, 1.01 — 1.05, p=0.01) showed a statistically significant
negative association with PFS. All other subpopulations showed no significant

association with PFS.
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Table 15: Univariate Cox regressions of lymphocyte subpopulation levels with

PFS at C1D1
C1D1 Lymphocyte PFS PFS
subpopulation Patients Events PFS HR I;ower HR Lolpper P-value
: HR 95%ClI 95%CI
analysis N N
General Lymphocytes (L) T
populations (CD3+) 162 146 1.00 0.98 1.01 0.40
LT (CD3+CD4+) 162 146 1.00 0.99 1.01 0.95
LT (CD3+CD8+) 162 146 1.00 0.99 1.01 0.95
L B (CD19+) 162 146 1.03 1.01 1,05 0,01
NK cells (CD16/56+) 162 146 1,00 0,99 1,02 0,95
CD4+/CD8+ rate 162 146 1.01 0.85 1.21 0.90
Lymphocytes T L naive
subpopulations (CD3+CCR7+CD45 159 144 1.01 1.00 1.03 0.18
(% of total RA+) (%TCD3+)
Lymphocytes T) Central Memory L
(CD3+CCR7+CD45 159 144 1.00 0.98 1.01 0.80
RO+)(%TCD3+)
Effector Memory L
(CD3+CCRT7-
CD45RO+) 159 144 0.99 0.98 1.01 0.21
(%TCD3+)
Regulatory T L
(CD3+CD4+CD25+F 160 145 0.87 0.74 1.03 0.12
0xP3+)(%TCD3+)
CD3+PD-L1+
(%TCD3+) 163 147 1.07 0.93 1.22 0.37
Study of CD3 CTLA4
activation (%TCD3+) 166 149 1.00 0.97 1.02 0.82
markers of total CD3 CTLA4+ PD1+
lymphocytes (% (%TCD3+) 166 149 1.02 0.97 1.07 0.52
of total L) CD3 PD1+
(%TCD3+) 166 149 1.03 1.00 1.07 0.09
CD3 PD1 High +
(%TCD3+) 166 149 1.02 0.96 1.09 0.45
CD3 CD28 (MFI) 166 149 1.00 1.00 1.00 0.94
CD3 CTLA-4 (MFI) 166 149 1.00 1.00 1.00 0.88
CD3 PD1 (MFI) 166 149 1.00 1.00 1.00 0.22
CD3+CD25+
(%TCD3+) 163 147 1.00 0.99 1.02 0.87
Study of CD3+HLA-DR+
activation (%TCD3+) 163 147 0.99 0.98 1.01 0.21
markers of total CD3+CD40L+
lymphocytes T (%TCD3+) 163 147 0.98 0.95 1.01 0.18
(% of total L T) CD3+CD62L+
(%TCD3+) 163 147 1.00 1.00 1.01 0.45
CD3+CD69+
(%TCD3+) 163 147 1.00 0.97 1.03 0.93
CD3+ CD8+ CD3 CD8 HD
Lymphocytes T (%TCD8+) 166 149 1.00 1.00 1.01 0.50
subpopulations CD3 CD8 CTLA4
(%TCD8+) 166 149 1.00 0.98 1.02 0.81
CD3 CD8 CTLA4+
PD1+ (%TCD8+) 166 149 1.00 0.95 1.06 0.96
CD3 CD8 PD1+
(%TCD8+) 166 149 0.99 0.96 1.03 0.68
CD3 CD8 PD1
High+ (%TCD8+) 166 149 0.99 0.92 1.07 0.88
(CN?;)CDB cD28 166 149 1.00 1.00 1.00 0.64
(CN?F?’I)CDB CTLA-4 166 149 1.00 1.00 1.00 0.73
CD3 CD8 PD1 (MFI) 166 149 1.00 1.00 1.00 0.16
CD3+ CD8+ CD3+ CD8+ CD4+ L
CDa+LT T subpopulations 166 149 0.96 0.85 1.08 0.46
subpopulations (double positive)
(double positive) | (%TCD3+)
CD3+ CD4+ CD3 CD4 HD (%) 166 149 1.00 1.00 1.01 0.23
Lymphocytes T CD3 CD4 CTLA4
subpopulations (%TCDA4+) 166 149 0.99 0.97 1.02 0.64
CD3 CD4 CTLA4+ 166 149 | 1.02 0.98 1.06 0.34

PD1+ (%TCD4+)

56




CD3 CD4 PD1+

ercor) 166 149 1.03 1.00 1.06 0.02
CD3 CD4 PD1

o o) 166 149 1.03 0.98 1.07 0.22
(CNEI’F?’I)CD“ cb28 166 149 1.00 1.00 1.00 0.92
(CNEI’F?’I)CD“ CTLA4 162 146 1.00 1.00 1.00 0.57
CD3 CD4 PD1 (MFI) | 166 149 1.00 1.00 1.00 0.44

Legend. HR: hazard ratio. OR: odds ratio. Cl: Confidence interval. C1D1: cycle 1 day 1. C2D1:
cycle 2 day 1. BR: best response. PD: progression disease. L: lymphocytes. CD: cluster of
differentiation. HD: Highly Differentiated. MFI: Mean Fluorescence Intensity. Bold Font =
statistically significant result.

In C2D1, lymphocyte B (CD19+) (HR= 1.04, 95%CI: 1.01 — 1.07, p=0.002), CD3 PD1+
(%) (HR= 1.04, 1.01 — 1.08, p=0.01), CD3 CD4 PD1+ (%) (HR= 1.03, 1.00 — 1.06,
p=0.02) and lymphocyte CD3 CD4 PD1 (MFI) (HR= 1.0001, 1.00-— 1.0002, p=0.03)
showed a statistically significant negative association with PFS. Lymphocyte T
CD3+HLA-DR+ (HR= 0.99, 0.97 — 1.00, p=0.049) showed a statistically significant
positive association with PFS. All other subpopulations showed no significant association
with PFS (Table 16).

Table 16: Univariate Cox regressions of lymphocyte subpopulation levels with

PFS at C2D1

C2D1 Lymphocyte PFS PFS
subpopulation Patients Events PFS HR Loower HR Lolpper P-value
N HR 95%CI 95%CI
analysis N N
General Lymphocytes (L) T
populations (CD3+) 154 138 1.00 0.98 1.01 0.57
LT (CD3+CD4+) 154 138 1.01 0.99 1.02 0.35
LT (CD3+CD8+) 154 138 1.00 0.98 1.01 0.51
L B (CD19+) 154 138 1.04 1.01 1.07 0.002
NK cells (CD16/56+) 154 138 1.00 0.99 1.01 0.90
CD4+/CD8+ rate 154 138 1.06 0.93 1.21 0.40
Lymphocytes T L naive
subpopulations (CD3+CCR7+CD45 152 136 1.02 1.00 1.03 0.06
(% of total RA+) (%TCD3+)
Lymphocytes T) Central Memory L
(CD3+CCR7+CD45 152 136 1.00 0.98 1.01 0.65
RO+)(%TCD3+)
Effector Memory L
(CD3+CCR7-
CD45R0+) 152 136 0.99 0.98 1.00 0.17
(%TCD3+)
Regulatory T L
(CD3+CD4+CD25+F 153 137 0.92 0.78 1.08 0.30
oxP3+)(%TCD3+)
CD3+PD-L1+
(%TCD3+) 151 135 1.04 0.92 117 0.54
Study of CD3 CTLA4
activation (%TCD3+) 156 138 1.01 0.98 1.03 0.57
markers of total CD3 CTLA4+ PD1+
lymphocytes (% (%TCD3+) 157 139 1.07 0.98 1.17 0.11
of total L) CD3 PD1+
(%TCD3+) 157 139 1.04 1.01 1.08 0.01
CD3 PD1 High +
(%TCD3+) 156 138 1.07 0.99 1.17 0.10
CD3 CD28 (MFI) 156 138 1.00 1.00 1.00 0.85
CD3 CTLA-4 (MFI) 156 138 1.00 1.00 1.00 0.96
CD3 PD1 (MFI) 156 138 1.00 1.00 1.00 0.09
CD3+CD25+
(%TCD3+) 154 138 1,00 0,98 1,01 0,79
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Study of

CD3+HLA-DR+

o ATCD3N 154 138 0.99 0.97 1.00 0.049
markers of total CD3+CD40L+
lymphoeytes T | (610D%) 152 136 1.00 0.96 1.04 0.88
(% oftotal LT) | CD3+CDB2L+
6TeD5) 154 138 1.00 1.00 1.01 0.30
CD3+CD69+
(6TeD5%) 154 138 1.03 1.00 1.05 0.06
CD3+ CD8+ CD3 CD8 HD
Comphosytes T | (610080) 157 139 1.00 1.00 1.01 0.45
subpopulations CD3 CD8 CTLA4
(6T00B 157 139 1.01 0.98 1.03 0.59
CD3 CD8 CTLA4+
PD1s (hrDBe) 157 139 1.02 0.95 1.10 0.53
CD3 CD8 PD1+
(eT00Es) 157 139 1.00 0.99 1.02 0.85
CD3 CD8 PD1
Hiob (0T eDB4) 157 139 1.03 0.95 1.12 0.52
(CNEI’F?’I)CDB cb28 156 138 1.00 1.00 1.00 0.75
(CNEI’F?’I)CDB CTLA-4 156 138 1.00 1.00 1.00 0.62
CD3 CD8 PD1 (MFI) | 156 138 1.00 1.00 1.00 0.10
CD3+ CD8+ CD3+ CD8+ CD4+ L
CD4+LT T subpopulations 156 138 0.93 0.82 1.06 0.30
subpopulations (double positive)
(double positive) | (%TCD3+)
CD3+ CD4+ CD3 CD4 HD (%) 157 139 1.00 1.00 1.01 013
Lymphocytes T CD3 CD4 CTLA4
subpopulations | (T0D4) 157 139 1.00 0.98 1.02 0.89
CD3 CD4 CTLA4+
P01 (%reDis) 157 139 1.00 0.97 1.03 0.98
CD3 CD4 PD1+
ATCDAY) 156 138 1.03 1.00 1.05 0.02
CD3 CD4 PD1
Hioh (ToDA+) 157 139 1.05 0.99 1.11 0.14
(CNEI’F:*DCD“ cp28 156 138 1.00 1.00 1.00 0.42
(CNEI’F%CDA' CTLA4 152 134 1.00 1.00 1.00 0.31
CD3 CD4 PD1 (MFI) | 157 139 | 1.0001 1.00 1.0002 0.03

Legend. HR: hazard ratio. OR: odds ratio. Cl: Confidence interval. C1D1: cycle 1 day 1. C2D1:
cycle 2 day 1. BR: best response. PD: progression disease. L: lymphocytes. CD: cluster of
differentiation. HD: Highly Differentiated. MFI: Mean Fluorescence Intensity. Bold Font =
statistically significant result.

Univariate Cox Regression For Overall Survival (OS)

Univariate Cox regressions to test the association of lymphocyte subpopulation levels
with OS were performed at C1D1, C2D1 and PD.

In C1D1, CD3 CD4 Highly Differenciated, HD (HR= 1.01, 1.00 — 1.01, p=0.03) showed
a statistically significant negative association OS. All other subpopulations showed no

significant association with OS (Table 17).

Table 17: Univariate Cox regressions of lymphocyte subpopulation levels with OS
at C1D1

C1D1 Lymphocyte oS 0s
subpopul_ation Patients | Events gg HI;{SI;Z‘\-:_'vIer HI;slol/fgle " | P-value
analysis N N

General Lymphocytes (L) T

populations (CD3+) 162 126 0.99 0.98 1.00 0.14
LT (CD3+CD4+) 162 126 1.00 0.99 1.02 0.69
LT (CD3+CD8+) 162 126 0.99 0.98 1.01 0.42
L B (CD19+) 162 126 1.02 1.00 1.05 0.11
NK cells (CD16/56+) 162 126 1.01 1.00 1.03 0.12
CD4+/CD8+ rate 162 126 1.08 0.90 1.30 0.42
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Lymphocytes T L naive
subpopulations (CD3+CCR7+CD45 159 124 1.01 1.00 1.03 0.17
(% of total RA+) (%TCD3+)
Lymphocytes T) Central Memory L
(CD3+CCR7+CD45 159 124 1.00 0.98 1.01 0.61
RO+)(%TCD3+)
Effector Memory L
(CD3+CCR7-
CD45R0+) 159 124 1.00 0.98 1.01 0.55
(%TCD3+)
Regulatory T L
(CD3+CD4+CD25+F 160 125 0.91 0.76 1.09 0.30
0xXP3+)(%TCD3+)
CD3+PD-L1+
(%TCD3+) 163 126 1.13 0.97 1.30 0.11
Study of CD3 CTLA4
activation (%TCD3+) 166 128 0.98 0.95 1.01 0.19
markers of total CD3 CTLA4+ PD1+
lymphocytes (% (%TCD3+) 166 128 1.01 0.94 1.08 0.80
of total L) CD3 PD1+
(%TCD3+) 166 128 1.02 0.98 1.06 0.31
CD3 PD1 High +
(%TCD3+) 166 128 1.01 0.94 1.09 0.82
CD3 CD28 (MFI) 166 128 1.00 1.00 1.00 0.99
CD3 CTLA-4 (MFI) 166 128 1.00 1.00 1.00 0.83
CD3 PD1 (MFI) 166 128 1.00 1.00 1.00 0.35
CD3+CD25+
(%TCD3+) 163 126 1.01 1.00 1.03 0.07
Study of CD3+HLA-DR+
activation (%TCD3+) 163 126 0.99 0.98 1.01 0.44
markers of total CD3+CD40L+
lymphocytes T (%TCD3+) 163 126 0.98 0.95 1.01 0.26
(% of total L T) CD3+CD62L+
(%TCD3+) 163 126 1.00 1.00 1.01 0.56
CD3+CD69+
(%TCD3+) 163 126 1.00 0.97 1.03 0.94
CD3+ CD8+ CD3 CD8 HD
Lymphocytes T (%TCD8+) 166 128 1.01 1.00 1.01 0.13
subpopulations CD3 CD8 CTLA4
(%TCD8+) 166 128 0.99 0.97 1.01 0.35
CD3 CD8 CTLA4+
PD1+ (%TCD8+) 166 128 0.98 0.91 1.06 0.62
CD3 CD8 PD1+
(%TCD8+) 166 128 0.98 0.94 1.02 0.25
CD3 CD8 PD1
High+ (%TCD8+) 166 128 0.97 0.88 1.07 0.52
(CNEI’F:*DCDB cD28 166 128 1.00 1.00 1.00 0.38
(CNEI’F%CDS CTLA-4 166 128 1.00 1.00 1.00 0.73
CD3 CD8 PD1 (MFI) 166 128 1.00 1.00 1.00 0.50
CD3+ CD8+ CD3+ CD8+ CD4+ L
CO4+LT T subpopulations 166 128 1.01 0.89 115 0.87
subpopulations (double positive)
(double positive) | (%TCD3+)
CD3+ CD4+ CD3 CD4 HD (%) 166 128 1.01 1.00 1.01 0.03
Lymphocytes T CD3 CD4 CTLA4
subpopulations (%TCD4+) 166 128 0.98 0.95 1.00 0.10
CD3 CD4 CTLA4+
PD1+ (%TCD4+) 166 128 1.02 0.97 1.07 0.50
CD3 CD4 PD1+
(%TCD4+) 166 128 1.02 0.99 1.05 0.17
CD3 CD4 PD1
High+ (%TCD4+) 166 128 1.01 0.96 1.06 0.81
(CNEI’F3I)CD4 CD28 166 128 1.00 1.00 1.00 0.74
(CNEI’;)CDA' CTLA4 162 125 1.00 1.00 1.00 0.47
CD3 CD4 PD1 (MFI) 166 128 1.00 1.00 1.00 0.23
Legend. HR: hazard ratio. OR: odds ratio. Cl: Confidence interval. C1D1: cycle 1 day 1. C2D1:

cycle 2 day 1. BR: best response. PD: progression disease. L:
differentiation. HD: Highly Differentiated. MFI: Mean Fluorescence Intensity. Bold Font

statistically significant result.

lymphocytes. CD: cluster of
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In C2D1, Lymphocyte B (CD19+) (HR= 1.03, 1.01 — 1.06, p=0.02), CD3+CD40L+ (HR=
1.05, 1.01 — 1.09, p=0.02), lymphocyte T CD3+CD69+ (HR= 1.04, 1.02 — 1.07, p=0.002),
lymphocyte T CD3+PD-L1+ (HR= 1.14, 1.02 — 1.27, p=0.02), CD3 PD1+ (%) (HR=1.03,
1.00 — 1.07, p=0,04), lymphocyte T CD3+CD62L+ HR=1.01, 1.00 —1.02, p=0.01), CD3
PD1 (MFI) (HR= 1.0005, 1.0001 —1.0008, p=0.04), CD3 CD8 PD1 (MFI) (HR= 1.0001,
1.00 —1.0002, p=0.01) and CD3 CD4 Highly Differenciated, HD (%) HR=1.01, 1.00 —

1.01, p=0.03) showed a statistically significant negative association with OS (table 18).

Table 18: Univariate Cox regressions of lymphocyte subpopulation levels with OS

at C2D1
C2D1 Lymphocyte oS 0s
subpopulation Patients Events cH)g HI;SI;ZV:VIer ngstl/pcple r P-value
analysis N N ° °
General Lymphocytes (L) T
populations (CD3+) 154 120 1.00 0.98 1.01 0.58
LT (CD3+CD4+) 154 120 1.01 1.00 1.02 0.17
LT (CD3+CD8+) 154 120 0.99 0.98 1.00 0.19
L B (CD19+) 154 120 1.03 1.01 1.06 0.02
NK cells (CD16/56+) 154 120 1.00 0.99 1.01 0.87
CD4+/CD8+ rate 154 120 1.12 0.97 1.29 0.13
Lymphocytes T L naive
subpopulations (CD3+CCR7+CD45 152 119 1.01 0.99 1.03 0.18
(% of total RA+) (%TCD3+)
Lymphocytes T) Central Memory L
(CD3+CCR7+CD45 152 119 1.00 0.98 1.02 1.00
RO+)(%TCD3+)
Effector Memory L
(CD3+CCR7-
CD45RO+) 152 119 0.99 0.98 1.01 0.41
(%TCD3+)
Regulatory T L
(CD3+CD4+CD25+F 153 119 0.88 0.74 1.05 0.14
oxP3+)(%TCD3+)
CD3+PD-L1+
(%TCD3+) 151 117 1.14 1.02 1.27 0.02
Study of CD3 CTLA4
activation (%TCD3+) 156 119 0.99 0.96 1.02 0.59
markers of total CD3 CTLA4+ PD1+
lymphocytes (% (%TCD3+) 157 120 1.03 0.94 1.13 0.51
of total L) CD3 PD1+
(%TCD3+) 157 120 1.03 1.00 1.07 0.04
CD3 PD1 High +
(%TCD3+) 156 119 1.03 0.94 1.12 0.53
CD3 CD28 (MFI) 156 119 1.00 1.00 1.00 0.80
CD3 CTLA-4 (MFI) 156 119 1.00 1.00 1.00 0.68
CD3 PD1 (MFI) 156 119 1.0005 1.0001 1.0008 0.01
CD3+CD25+
(%TCD3+) 154 120 1.01 1.00 1.03 0.13
Study of CD3+HLA-DR+
activation (%TCD3+) 154 120 0.99 0.98 1.00 0.18
markers of total CD3+CD40L+
lymphocytes T (%TCD3+) 152 118 1.05 1.01 1.09 0.02
(% of total L T) CD3+CD62L+
(%TCD3+) 154 120 1.01 1.00 1.02 0.01
CD3+CD69+
(%TCD3+) 154 120 1.04 1.02 1.07 0.002
CD3+ CD8+ CD3 CD8 HD
Lymphocytes T (%TCD8+) 157 120 1.01 1.00 1.01 0.18
subpopulations CD3 CD8 CTLA4
(%TCD8+) 157 120 0.99 0.97 1.02 0.67
CD3 CD8 CTLA4+
PD1+ (%TCD8+) 157 120 0.99 0.91 1.06 0.72
CD3 CD8 PD1+ 157 120 1.00 0.98 1.02 0.96

(%TCD8+)
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CD3 CD8 PD1
Hiohe (LTCDB+) 157 120 0.99 0.90 1.08 0.77
?N?F?’I)CDB cD28 156 119 1.00 1.00 1.00 0.73
(CNEI’F?’I)CDS CTLA-4 156 119 1.00 1.00 1.00 0.25
CD3 CD8 PD1 (MFI) | 156 119 | 1.0001 1.00 1.0002 0.01
CD3+ CD8+ CD3+ CD8+ CD4+ L
CD4+LT T subpopulations
subpopulations (double positive) 156 119 0.99 0.86 113 0.83
(double positive) | (%TCD3+)
CD3+ CD4+ CD3 CD4 HD
Comphonytes T | (h1CD4%) 157 120 1.01 1.00 1.01 0.03
subpopulations CD3 CD4 CTLA4
CeTobus) 157 120 0.99 0.97 1.01 0.46
CD3 CD4 CTLA4+
FD1s (hTODA 157 120 1.00 0.96 1.03 0.92
CD3 CD4 PD1+
(6ToD4) 156 119 1.02 1.00 1.04 0.12
CD3 CD4 PD1
o (e ToD4+) 157 120 1.02 0.95 1.08 0.64
(Clv?lfl)cm CcD2s 156 119 1.00 1.00 1.00 0.49
(CNEI)F?’I)CDA' CTLA-4 152 115 1.00 1.00 1.00 0.28
CD3 CD4 PD1 (MFI) | 157 120 1.00 1.00 1.00 0.17

Legend. HR: hazard ratio. OR: odds ratio. Cl: Confidence interval. C1D1: cycle 1 day 1. C2D1:
cycle 2 day 1. BR: best response. PD: progression disease. L: lymphocytes. CD: cluster of
differentiation. HD: Highly Differentiated. MFI: Mean Fluorescence Intensity. Bold Font =
statistically significant result.

At PD timepoint, lymphocyte T CD3+CD40L+ (HR= 1.12, 1.06 — 1.19, p=0.00002),
Lymphocyte T CD3+CD25+ (HR= 1.02, 1.00 — 1.04, p=0.02), CD3 CD4 Highly
Differenciated, HD (%) (HR= 1.01, 1.00 — 1.02, p=0.002) and lymphocyte T CD3+PD-
L1+ (HR= 1.33, 1.14 — 1.56, p=0.0004) showed a statistically significant negative
association. Central Memory L (CD3+CCR7+CD45RO+) (HR= 0.98, 0.96 — 1.00,
p=0.02), CD3 CD4 CTLA4 (%) (HR= 0.94, 0.90 — 0.98, p=0.001), CD3 CD4 PD1 High+
(%) (HR=0.94, 0.89 — 1.00, p=0.04), CD3 CTLA4 (%) (HR=0.95, 0.92 - 0.99, p=0.02)
and CD3 PD1HIGH+ (%) (HR= 0.91, 0.84 — 0.99, p=0.04) showed a statistically
significant positive association with PD. All other subpopulations showed no significant
association with OS (Table 19).

Table 19: Univariate Cox regressions of lymphocyte subpopulation levels with OS
at PD timepoint.

PD Lymphot_:yte QS 0s oS HR Lower | HR Upper
subpopule_ltlon Patients | Events HR 95%ClI 95%?& P-value
analysis N N
General Lymphocytes (L) T
populations (CD3+) 119 100 1.01 0.99 1.02 0.39
LT (CD3+CD4+) 119 100 1.00 0.99 1.02 0.81
LT (CD3+CD8+) 119 100 1.00 0.98 1.02 0.94
L B (CD19+) 119 100 0.99 0.96 1.02 0.47
NK cells (CD16/56+) 119 100 1.02 1.00 1.04 0.09
CD4+/CD8+ rate 119 100 1.06 0.89 1.27 0.49
Lymphocytes T L naive
subpopulations (CD3+CCR7+CD45 118 99 1.01 1.00 1.03 0.13
(% of total RA+) (%TCD3+)
Lymphocytes T) Central Memory L
(CD3+CCR7+CD45 118 99 0.98 0.96 1.00 0.02
RO+)(%TCD3+)
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Effector Memory L

(CD3+CCR7-
CD45R0+) 118 99 1.00 0.99 1.02 0.72
(%TCD3+)
Regulatory T L
(CD3+CD4+CD25+F 116 97 0.89 0.73 1.09 0.26
0xP3+)(%TCD3+)
CD3+PD-L1+
(%TCD3+) 120 101 1.33 1.14 1.56 0.0004
Study of CD3 CTLA4
activation (%TCD3+) 119 101 0.95 0.92 0.99 0.02
markers of total CD3 CTLA4+ PD1+
lymphocytes (% (%TCD3+) 119 101 0.90 0.80 1.02 0.09
of total L) CD3 PD1+
(%TCD3+) 119 101 1.00 0.96 1.05 0.95
CD3 PD1 High +
(%TCD3+) 119 101 0.91 0.84 0.99 0.04
CD3 CD28 (MFI) 119 101 1.00 1.00 1.00 0.77
CD3 CTLA-4 (MFI) 119 101 1.00 1.00 1.00 0.38
CD3 PD1 (MFI) 119 101 1.00 1.00 1.00 0.37
CD3+CD25+
(%TCD3+) 120 101 1.02 1.00 1.04 0.02
Study of CD3+HLA-DR+
activation (%TCD3+) 120 101 1.01 0.99 1.02 0.25
markers of total CD3+CD40L+
lymphocytes T (%TCD3+) 120 101 1.12 1.06 1.19 0.00002
(% of total L T) CD3+CD62L+
(%TCD3+) 120 101 1.01 1.00 1.01 0.25
CD3+CD69+
(%TCD3+) 120 101 1.01 0.99 1.03 0.25
CD3+ CD8+ CD3 CD8 HD
Lymphocytes T (%TCD8+) 119 101 1.01 1.00 1.02 0.14
subpopulations CD3 CD8 CTLA4
(%TCD8+) 119 101 0.98 0.95 1.00 0.09
CD3 CD8 CTLA4+
PD1+ (%TCD8+) 119 101 0.91 0.79 1.04 0.16
CD3 CD8 PD1+
(%TCD8+) 119 101 0.97 0.93 1.01 0.14
CD3 CD8 PD1
High* (%TCD8+) 119 101 0.90 0.81 1.01 0.07
(CNEI’F%CDS CD28 119 101 1.00 1.00 1.00 0.52
(CNEI’F%CDS CTLA= 119 101 1.00 1.00 1.00 0.92
CD3 CD8 PD1 (MFI) 119 101 1.00 1.00 1.00 0.62
CD3+ CD8+ CD3+ CD8+ CD4+ L
CD4+LT T subpopulations 119 101 1.05 0.96 115 0.33
subpopulations (double positive) ’ ’ ’ ’
(double positive) | (%TCD3+)
CD3 CD4 HD
(%TCD4+) 119 101 1.01 1.00 1.02 0.002
CD3 CD4 CTLA4
(%TCD4+) 119 101 0.94 0.90 0.98 0.001
CD3 CD4 CTLA4+
PD1+ (%TCD4+) 119 101 0.94 0.87 1.01 0.10
CD3 CD4 PD1+
(%TCD4+) 119 101 1.00 0.97 1.03 0.95
CD3 CD4 PD1
High+ (%TCD4+) 119 101 0.94 0.89 1.00 0.04
(CN?F?’I)CD“ cD28 119 101 1.00 1.00 1.00 0.08
(CNEI’F3I)CD4 CTLA4 117 99 1.00 1.00 1.00 0.75
CD3 CD4 PD1 (MFI) 119 101 1.00 1.00 1.00 0.34

Legend. HR: hazard ratio. OR: odds ratio. Cl: Confidence interval.
cycle 2 day 1. BR: best response. PD: progression disease. L:

C1D1: cycle 1 day 1. C2D1:
lymphocytes. CD: cluster of
differentiation. HD: Highly Differentiated. MFI: Mean Fluorescence Intensity. Bold Font =
statistically significant result.
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4.2 4 Discussion

Immune system is composed by a complex network of cells that interact with other
circulating cells or tissues, pro or anti-inflammatory soluble factors as well as external
environment factors. These interactions determine the balance of activation/inhibition
and determine if cancer cells should die o survive. Within this complex system,
lymphocytes are critical players so exploring its role as potential biomarker is mandatory.
Most of the studies performed in this field so far were focused on non-small cell lung
cancer and only included a relatively low number of patients, demonstrating preliminary
evidence of their potential either at baseline o their dynamics. Therefore, further research
was needed and we decided to explore the potential as ICl biomarker of several
circulating lymphocytes subpopulations in a larger and more comprehensive population

to improve patient selection for ICI.

In our analysis we included general circulating cells populations, total lymphocytes T
subpopulations (CD3+), lymphocytes T CD3 CD4 subpopulations, lymphocytes T CD3
CD8 subpopulations. Within these categories of lymphocytes T, we differentiated
lymphocytes subpopulations based on the expression of activation markers (CTLA4,
PD1, CD28, CD25, HLA-DR, CD40L, CD62L, CD69). We also included CD3 CD4 HD,
CD3 CD8 HD and CD3 CD4 CDS8 (double positive) lymphocytes.

Most of the subpopulations that showed statistically significative associations with the
selected outcomes were lymphocytes that expressed PD1, a critical transmembrane

protein that is expressed on T cells (CD3+) after TCR stimulation, with coinhibitory effect.

We started analyzing general lymphocytes T (CD3) subpopulations. The most relevant
subpopulations were CD3 PD1+ and CD3 PD1 high that showed a significant decrease
between C1D1 and C2D1 in the total population and shorter ORR, DCB and PFS when
measured at C2D1. Unfortunately, none of them showed statistically significant
associations at C1D1 for any of our outcomes and therefore not helping us to select our

patients.

Within this CD3+ population we can differentiate CD3+ CD4+ (T helper) and CD3 CD8
(T effector) lymphocytes. The second are critical in the mechanism of action of
antiPD(L)1 therapies but surprisingly, when we analyzed specifically CD3 CD8
lymphocyte subpopulation the only significative result was an increase between C1D1
and C2D1, ruling out its potential as baseline biomarker to select ICl candidates. Like
other previous projects, we observed a significative proliferation of CD3 CD8 PD1+ (MFI)
but we were not able to demonstrate any relationship of this subpopulation with ICI

benefit. Hwan Kim et all demonstrated an increase of CD8 PD1+ within the first week
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after ICl initiation that was followed by a decreased in the subsequent two weeks (102).
In our study, most of C2D1 samples were collected three or four weeks after C1D1 so it
is possible that our conclusions differ due to the different schedule of sample collection.
Although our study does not support CD8 PD1+ as biomarker, it may be worth exploring

it further if collecting samples on C1D1 and approximately seven days later.

Among CD4 T lymphocytes, CD3 CD4 PD1+ lymphocytes subpopulation showed a
significant decrease in the total population between the basal and second cycle samples,
and also an association with shorter ORR, DCB and PFS either in C1D1 or C2D1. When
we focused in those CD3 CD4 lymphocytes with higher expression of PD1 (PD1 high)
we saw a decrease in the objective response population and we lost the association with
ORR, DCB and PFS at C1D1, but it was associated with shorter ORR and DCB at C2D1
as well. Therefore, CD3 CD4 PD1+ lymphocytes subpopulation seems to correlate with
worse outcomes, which is in line with previous publications. For example, CD3 CD4
PD1+ lymphocytes subpopulation has been correlated with worse outcome in treatment
naive patients candidate to chemotherapy o tyrosine kinase inhibitors (125) and Zheng
et all demonstrated a significant association between CD3 CD4 PD1 high lymphocytes
levels and lower rates of OS and PFS (100). These studies recruited a limited number
of patients and did not include a validation cohort so their evidence has some limitations
(100). In our opinion, CD3 CD4 PD1+ lymphocytes subpopulation levels should be

considered as potential biomarker and explored further in a future validation cohort.

Several subpopulations showed statistical relationship with OS, being CD3 CD4 HD
subpopulation the most significative. It demonstrated an association with shorter OS
when measured at C1D1 and C2D1 timepoints. Zuazo-lbarra, Arasanz et all explored
CD3 CD4 HD in a non-small cell lung cancer cohort and identified that patients with
higher baseline levels of CD3 CD4 HD o with a sharp increase in the first days after ICI
initiation were associated with shorter PFS and hyperprogression (108,110). Unlike
these studies, in our analysis it did not show relationship with shorter PFS o
hyperprogression, not supporting its potential role as biomarker. Nevertheless, it seems
to be related with worse outcomes including worse survival which highlights its potential

as prognosis biomarker.

CD3 CD4 HD levels also demonstrated an association with shorter OS when measured
PD timepoints. Obviously, at that time the patient already had received an ICI and could
not take any decision regarding this indication but that is the moment in which we must
switch his therapy to a new one. Its potential role as prognosis biomarker could help us
to take decisions about prescribing another line of therapy, which could include another

ICI, or offering best supportive care to our patient.
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Lymphocyte B (CD19+) is another population involved in adaptive humoral immunity by
producing antibodies and also interacting with T cells which is key for antitumor T cell
mediated cytotoxicity (15). B cells can induce antigen specific CD8 and CD4 activation.
Low evidence exists regarding the predictor role of peripheral B lymphocytes and ICI
benefit. Preliminary results correlated baseline memory B cells with favorable outcomes
in solid tumors as lung cancer (126), renal cancer (127) and sarcomas(128). In fact, in
our published case report we observed an increase of lymphocytes B during treatment
in a UPS sarcoma patient who developed great benefit to ICI (129). These observations
differ from another study performed by Barth et all, who collected samples from 39
patients treated with ICI at baseline and at the time of first tumoral response evaluation
(8-12 weeks later). No relationship was found between any of the seven lymphocyte B
subpopulations and ORR o DCB at baseline (130). In our study lymphocytes B (CD19+)
at C1D1 were associated with shorter ORR and PFS and at C2D1 with shorter ORR,
DCB, PFS and OS. Therefore, further analysis is recommended to clarify its real

predicting value.

Other subpopulations showed sporadic associations with isolated outcomes. These
results are not strong enough to consider them as potential candidates of ICI biomarker

and therefore we would not encourage further efforts in this direction.
4.2.4 Conclusion

CD3 CD4 PD1+ lymphocytes subpopulations is a promising candidate as biomarker for
the selection of ICI candidates. Patients with high levels of CD3 CD4 PD1+ lymphocytes
at C1D1 or C2D1 would be associated with shorter ORR, DCB and PFS to ICI and

therefore would not be ideal candidates for this therapy.

CD3 CD4 HD levels has been correlated with unfavorable outcomes including shorter
overall survival. Although there is no evidence to support its role as biomarker for ICI

selection, it may play a role as potential prognosis biomarker.

CD3 CD8 lymphocytes did not show any clinically relevant associations but time of
collection could impact their interpretation. Further analysis with serial and early sample

collection may be worth exploring in future projects.

Contradictory results were found regarding lymphocyte B (CD19+) levels. While previous
publications and our case report support its association with favorable outcomes, the
analysis of the total population was against it. Further analysis is recommended to clarify

its real predicting value.
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Chapter 4.3 SECONDARY OBJECTIVE 1:

Correlation of baseline clinicopathological factors to
response and survival in a comprehensive multitumor
population.

This objective was explored and published in the Cancer Inmunology, Immunotherapy
in 2023. Data data cut-off was 31/08/2021 at that time. Full article is in Appendix 1.

Original article reference is:

Garcia-Corbacho Javier, Indacochea Alberto, Gonzalez Navarro E. Azucena, Victoria
Ivan, Moreno Débora, Pesantez David, Angelats Laura, Modrego-Sanchez Andrea,
Sanfeliu Esther, Castillo Oleguer, Blasco Paula, Mezquita Laura, Vifolas Nuria, Nogué
Miquel, Galvan Patricia, Adamo Barbara, Basté Neus, Sauri Tamara, Juan Manel, Prat
Aleix, Schettini Francesco. Determinants of activity and efficacy of anti-PD1/PD-L1
therapy in patients with advanced solid tumors recruited in a clinical trials unit: a
longitudinal prospective biomarker-based study. Cancer Immunology, Immunotherapy.
2023 Jun;72(6):1709-1723.

PMID: 36625938. PMCID: PMC10198872. DOI: 10.1007/s00262-022-03360-9
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Abstract

Background: Immune-checkpoint inhibitors (ICI) have revolutionized the therapeutic

landscape of cancer. However, optimal patient selection is still an unmet need.

Methods: One-hundred-forty-six patients with metastatic cancer candidates to ICI at the
Hospital Clinic of Barcelona Clinical Trials Unit were prospectively recruited in this
observational study. Blood samples were collected at different timepoints, baseline LIPI
score calculated and pre-ICl archived tissues retrieved to evaluate PD-L1, tumor-
infiltrating lymphocytes (TILs) and PD1 mRNA levels. Tumor assessments were centrally
reviewed by RECIST 1.1 criteria. Associations with overall response rates (ORR),
durable clinical benefit (DCB), progression-free survival (PFS) and overall survival (OS)
were performed with univariable/multivariable logistic and Cox regressions, where

appropriate.

Results: At a median follow-up of 26.9 months, median PFS and OS were 2.7 and 12.9
months. Response rates were 17.8% with duration of response (DOR) of 4.4 months.
LIPI score was independently associated with PFS (p = 0.025) and OS (p < 0.001).
Immunotherapy-naive status was independently associated with better PFS (p = 0.005).
Time-to-best response (TTBR) and ORR (p < 0.001 both) were associated with better
OS at univariate analysis. PFS and DOR were moderately correlated with OS (p < 0.001
both). A PD-L1 10% cut-off detected worse/best responders in terms of ORR (univariate
p = 0.011, multivariate p = 0.028) and DCB (univariate p = 0.043). PD1 mRNA levels

were strikingly associated to complete responses (p = 0.021).

Conclusion: To resume, in our prospective observational pan-cancer study, baseline
LIPI score, immunotherapy-naive status, cancer type and RT before starting ICI were
the most relevant clinical factors independently correlated with immunotherapy
outcomes. Longer TTBR seemed to associate with better survival, while PD1 mRNA and
PD-L1 protein levels might be tumor-agnostic predictive factors of response to ICl and

should be furtherly explored.
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4.3.1 Introduction

In the last decade, several immune-checkpoint inhibitors (ICl) have revolutionized the
therapeutic landscape of many solid tumors. Monoclonal antibodies anti-PD1 o anti anti-
PDL1 have become some of the most widely prescribed anticancer therapies. However
only a limited proportion of patients seem to benefit (1,2) which may be partially due to
clinicopathological factors. The optimal metastatic therapeutic setting (earlier or further
lines), the efficacy in immune-pretreated patients, the effects of exposure to immediately
previous or concurrent radiotherapy (RT), and the optimal duration of treatment remain
questions unanswered. To note, the impact of systemic corticosteroids and exposure to
antibiotic (ATB) therapy on response to ICIl are another major concern, with only few
and/or conflicting data being published so far (28-37). In this analysis we explored the
influence of baseline clinicopathological factors, including baseline LIPI score, on ICI

outcomes in order to improve patient selection for ICls.

4.3.2 Materials and methods
Study design and participants

Full inclusion/exclusion criteria and study procedures have already been reported in
chapter 3: Methodology so only specific details related to this analysis are mentioned

here. For further details refer to the relevant previous section.

We considered evaluable for this analysis all participants treated with an anti-PD1 or
anti-PD-L1 ICI with radiological data available for an independent assessment of tumor
responses according to RECIST 1.1 o RANO criteria (120,122). Patients with available
baseline imaging experiencing a rapid progression leading to death, hence with no

available radiologic reassessment, were also included.
Procedures

Apart from the blood samples collected for the primary objective analysis, full blood count
and blood chemistry tests were carried out as part of their standard of care, which usually
involves a blood sample collection prior to each treatment prescription including
hemoglobin, total leucocytes, neutrophils, lymphocytes, albumin, LDH. For this analysis
only basal samples were considered. The lung immune prognostic index (LIPI) score
was also calculated (56). Treatments and follow-up procedures were decided outside of
this study according to study protocol, since patients received ICl in interventional clinical

trials. All data were retrieved from electronic patient charts.
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Study endpoints and outcomes

There was no prespecified sample size because of the exploratory nature of this study.
The accrual was terminated after 4 years, and the clinical data cut-off was established
when a minimum follow-up including at least one reassessment of the disease for every

included patient was reached.

This analysis was intended to correlate baseline clinicopathological factors to response,
in terms of overall response rate (ORR) and durable clinical benefit (DCB), and survival,
in terms of progression-free survival (PFS) and overall survival (OS). The primary
features of interest were treatment line at which an anti-PD1 or PD-L1 ICl is delivered
(1%t vs. subsequent lines), patients’ immune-naive status (yes vs. no), the regimen type
(ICI monotherapy vs. ICI-based combination), the ICI target (anti-PD1 vs. anti-PD-L1),
having received RT, systemic ATB or corticosteroids (>10mg prednisone equivalent
dose) within 30 days before, or during ICI treatment, as well as cancer type according to
the following groups: NSCLC, genitourinary (GU) tumors, gastrointestinal (Gl) tumors,
breast cancer/gynecological tumors, other rarer tumors. The effect on OS for the time-
to-best response (TTBR) and duration of response (DOR) in patients achieving at least
a stable disease (SD), was investigated, as well. The prognostic value of the LIPI score

in terms of PFS and OS in a pan-cancer context was also assessed.

The evaluation of response for the purpose of this study were performed in accordance
to RECIST 1.1 and RANO criteria. Best responses (BR) were classified as SD,
progressive disease (PD), complete (CR) or partial response (PR) independently by the
same expert (Javier Garcia Corbacho) from the Clinical Trials Unit of the HCB (131,132).
For the ORR assessment we considered all patients achieving CR+PR as BR, while for

DCB we included all patients achieving CR+PR+SD retained at 6 months as BR.
Statistical analysis

Multiple x?tests and one-way ANOVA were used to calculate differences among poor,
best and non-responders with respect to categorical and continuous variables of interest,
respectively. For the purpose of this study, we considered as poor responders all patients
that achieved SD as their BR, while best responders were those achieving PR or CR as
their BR and non-responders were represented by patients with PD as BR. Correlations
between continuous variables were evaluated with Pearson’s r. Survival curves were
estimated by the Kaplan-Meier method and differences between curves were evaluated
by the log-rank test. Cox regression models were applied to estimate univariate and
multivariate hazard ratios (HR) with their 95% CI to explore the association among

clinicopathological/biological variables, TTBR, DOR, PFS and OS. For the primary
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endpoint of PFS, the proportional hazard assumption for the univariate and multivariate
Cox regression models was previously tested using correlation coefficients between
transformed survival times and scaled Schoenfeld residuals and further checked with the
smoothed plots of Schoenfeld residuals(133). The clinical data cut-off date for this
analysis was 25 August 2021. Patients alive were censored at the date of the last follow-
up. A two-sided alfa error of 0.5 was considered for statistical significance. Considering
the observational and exploratory nature of the study, we decided not to take into account
the multiplicity issue (134,135). All statistical analyses were carried out using R Studio
vers.1.0.153 (PBC, Boston, MA) and SPSS vers 24.0 (IBM SPSS Statistics, Armonk,
NY: IBM Corp) for MacOSX.

4.3.3 Results

Between May 2017 and June 2021, 156 patients entered the study and 146 received an
anti-PD1/anti-PD-L1-based treatment. The selection process for the purpose of this
analysis is resumed in Figure 4 (124).

Figure 4. STROBE flow-chart.

Patients screened for
Immunoblood study

N=215

Patients excluded from Immunoblood study
N=42

Reasons for exclusion:

Did not receive an ICl (N=28)

Lack of mandatory blood simples (N=6)

Concomitant hematologic malignancy (N=3)
Adjuvant ICl, ultimately non-metastatic disease (N=2)
Early exitus due to toxicity (N=2)

Non radiologically evaluable by RECIST (N=1)

A J

Total Patients recruited
N=173

Patients excluded from the present andlisis
N=9

Reasons for exclusion:
ICl other than antiPD1/antiPDL1 (N=9)

Total Patients elegible for analysis }

N =164
Total Patients Treated with anti- Total Patients Treated with anti-
PD1 PDL1
N =132 N=32

Legend. ICI: immune-checkpoint inhibitors.

The median follow-up at the data cut-off (31/08/2021) was 26.9 months (95% CI: 13.1 —

31.7). All patients and tumors characteristics are detailed in Table 20.
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Table 20. Population characteristics at data cut-off (31/08/2021)

Non-responders | Poor responders | Best responders Overall
Characteristics N % N % N % N % P*
71 48.6 49 33.6 26 17.8 146 100.0
Age
Mean | 63.3 - 62.6 - 65.0 - 63.3 -
0.69
SD| +12.3 - +13.1 - 18.2 - +11.9 -
Overall 71 100.0 49 100.0 26 100.0 146 100.0
Sex
Female 27 38.0 15 30.6 7 26.9 49 33.6
Male 44 62.0 34 69.4 19 73.1 97 66.4 051
Overall 71 100.0 49 100.0 26 100.0 146 100.0
ECOG
0-1 58 87.9 40 93.0 22 88.0 120 89.6
2-3 8 12.1 3 7.0 3 12.0 14 10.4 067
Overall 66 93.0 43 87.8 25 96.2 134 91.8
Cancer type
NSCLC 19 26.8 8 11.3 14 28.6 41 28.1
Gl cancers 22 31.0 12 16.9 5 10.2 39 26.7
GU cancers 7 9.9 11 15.5 3 6.1 21 14.4 | 0.03
CNS, H&N melanoma | 43 183 13 18.3 3 6.1 20 19.9
Breast+gyneco 10 141 5 7.0 1 2.0 16 11.0
Overall 71 100.0 49 100.0 26 100.0 146 100.0
Metastatic at diagnosis
Yes 40 56.3 26 53.1 17 65.4 83 56.8
No 31 43.7 23 46.9 9 34.6 63 43.2 0.59
Overall 71 100.0 49 100.0 26 100.0 146 100.0
Metastatic treatment
line
1st 16 22.5 12 245 12 46.2 40 27.4
2nd 20 28.2 17 347 7 26.9 44 30.1
23rd | 35 493 20 40.8 7 26.9 62 425 o1
Min-Max | 151" - o - P - st-10th -
Overall 71 100.0 49 100.0 26 100.0 146 100.0
Immunotherapy-naive
Yes 58 81.7 47 95.9 25 96.2 130 89.0
No 13 18.3 2 4.1 1 3.8 16 11.0 0-02
Overall 71 100.0 49 100.0 26 100.0 146 100.0
Type of regimen
Monotherapy 35 49.3 18 36.7 14 53.8 67 459
Immunotherapy | 55 585 gy 22.4 4 15.4 35 240 | 020
combination
Immunotherapy + other 16 22.5 20 40.8 8 30.8 44 30.1
Overall 71 100.0 49 100.0 26 100.0 146 100.0
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Immunotherapy target
PD1 60 84.5 33 67.3 21 80.8 114 78.1
PD-L1 11 15.5 16 327 5 19.2 32 21.9 0.08
Overall 7 100.0 49 100.0 26 100.0 146 100.0
Clinical Trial
Yes 47 66.2 39 79.6 14 53.8 100 68.5
No 24 33.8 10 20.4 12 46.2 46 315 0.08
Overall | 71 100.0 49 100.0 26 100.0 146 100.0
Number of metastatic
sites
<3 12 16.9 11 224 6 23.1 29 19.9 0.68
23 59 83.1 38 77.6 20 76.9 117 80.1
Overall 71 100.0 49 100.0 26 100.0 146 100.0
Metastatic sites
Visceral 55 77.5 37 75.5 21 80.8 113 77.4
Non-visceral 16 22.5 12 24.5 5 19.2 33 22.6
Bone 15 211 13 26.5 4 15.4 32 21.9 087
CNS* 5 7.0 2 4.1 1 3.8 8 55
Overall 71 100.0 49 100.0 26 100.0 146 100.0
TILs (%)
Mean 7 - 5 - 7 - 6 -
0.44
SD| 189 - 7.4 - 8.4 - +8.4 -
Overall 54 76.1 29 59.2 19 73.1 102 69.9
PD-L1
Positive 15 65.2 9 75.0 11 100.0 35 76.1
Negative 8 34.8 3 25.0 0 0.0 11 23.9 0.08
Overall 23 324 12 24.5 11 42.3 46 31.5
LIPI Score
Good 29 446 22 45.8 14 63.6 65 48.1
Intermediate 26 40.0 21 43.8 7 31.8 54 40.0 | 0.46
Poor 10 15.4 5 10.4 1 4.5 16 11.9
Overall 65 91.5 48 98.0 22 84.6 135 92.5
PD1 mRNA
Mean | -6.34 - -7.13 - -6.15 - -6.5 -
0.14
SD| %145 - +1.76 - +1.50 - +1.57 -
Overall 36 50.7 18 36.7 14 53.8 68 46.6
RT
Yes in the 30 days befcl)ée: 6 8.7 9 41 1 4.0 9 6.3
Notinthe 30 daysbefore | g3 913 47 95.9 24 960 TR
Overall 69 97.2 49 100.0 25 96.2 143 97.9
Yes during ICI 21 30.4 9 18.4 6 24.0 36 252
No during ICI 48 69.6 40 81.6 19 76.0 107 74.8 | 0.33
Overall 69 97.2 49 100.0 25 96.2 143 97.9
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Corticosteroids
vesinthe 30 daysbefore | g 13 1 224 3 12.0 2 152
Notinthe 30 daysbefore | g3 gg7 38 776 2 880 2 s |
Overall| 71 1000 49 100.0 25 962 145  99.3
YesduringICl| 15 211 24 49.0 14 538 53 363
NoduringICl| 56 789 25 51.0 12 462 93 637 | <0.01
Overall| 71 1000 49 100.0 26 1000 146  100.0
SATB
Yes in the 30 days bef(IJg-;i 5 7.0 1 20 1 38 7 4.8
Notinthe 30 daysbefore | g5 930 48 98.0 2% 962 e
Overall| 71 1000 49 100.0 26 1000 146  100.0
YesduringICl| 12 171 18 375 1M1 423 41 285
NoduringICl| 58 829 30 62.5 15 57.7 103 715 | 0.01
Overall| 70 986 48 98.0 26 1000 144 986

Legend. Non-responders: progressive disease as best response; Poor responders: stable
disease as best response; Best responders: complete response or partial response as best
response; SD: standard deviation; CNS: central nervous system; ICI: immune-checkpoint
inhibitors; TILs: tumor-infiltrating lymphocytes; sATB: systemic antibiotics; RT: radiotherapy; Gl:
gastrointestinal, including colorectal, gastric, esophageal, pancreatic cancer and
colangiocarcinoma; GU: genitorurinary, including kidney, bladder urothelial and prostate cancer;
Gyneco: gynecological, including ovarian and cervix cancer; CNS tumors includes only
glioblastoma; H&N: head & neck tumors; rare tumors include sarcomas, thymic and suprarenal
carcinomas; NSCLC: non-small cell lung cancer; *x? test for differences in proportions and
unpaired Student’s t test for differences in means; #: primary CNS tumors excluded.

A summary of activity and efficacy outcomes at data cut-off (31/08/2021) is reported in
Table 21.
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Table 21. Overall ICI activity and efficacy

ACTIVITY AND POPULATION
EFFICACY N (146) % (100.0)
TTBR (months)
Median (95% Cl)|  2.5(2.0-2.7) -
Response
CR (95% Cl) 7 4.8(2.0-9.6)
PR (95% Cl) 19 13.1(8.0-19.6)
SD (95% Cl) 49 33.6 (26.0 - 41.8)
PD (95% Cl) 71 48.6 (40.3 - 57.0)
ORR (95% Cl) 26 17.8 (12.0 - 25.0)
DCB (95% Cl) 26 17.8 (11.6 - 24.0)
Evaluable patients 146 100.0
DOR (months)
Median (95% Cl) 4.4 (3.3-10.5) -
PFS (months)
Median (95% Cl) 2.7(2.0-3.8) -
6-month PFS | 44 patients atrisk  31.5 (24.7 - 40.0)
12-month PFS | 20 patients atrisk  20.6 (14.8 - 28.6)
0OS (months)
Median (95% Cl) | 12.9(9.9 - 17.4) -
6-month OS | 99 patients at risk ~ 72.1 (65.2 - 79.9)
12-month OS | 54 patients at risk  50.8 (42.9 - 60.1)

Legend. TTBR: time-to-best response; DOR: duration of response; PFS: progression-free
survival; OS: overall survival; Cl: confidence interval; CR: complete response; PR: partial
response; SD: stable disease; PD: progressive disease; ORR: overall response rate; DCB:
durable clinical benefit.

Progression-free survival
At the time of data cut-off, 120 PFS events had occurred and median PFS was 2.7
months (95% CI: 2.0 — 3.8) (figure 5 and table 21).

Figure 5 - Kaplan-Meier PFS curve for the overall population

mPFS: 2.7 months (95%Cl: 2.0 — 3.8)

Progression—free survival

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (months)

Number at risk

== 146 B85 58 44 34 24 20 14 13 13 11 1 10 10 10 8 6 4 4 4 2 2 1 1 0

Legend. PFS Kaplan-Meier curves with their 95%CI for the overall population. mPFS: median
progression-free survival.
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Cancer site showed a significant association with PFS at the univariate analysis
(p=0.007) (Figure 6), with NSCLC patients treated with ICI being significantly favored
over patients with Gl tumors (p=0.011), breast cancer and other gynecological
malignancies (p=0.012), melanoma, H&N tumors and other rare malignancies (p=0.003)
but not genitourinary cancers (p=0.628). Patients treated in first-line showed better PFS
than patients treated in later lines (p=0.037) (Figure 6), and the later the line, the worse
the outcome (p=0.001). LIPI score was significantly associated with PFS (p=0.008)
(Figure 6), with intermediate (p=0.035) and poor scores (p=0.005) associated with worse
PFS than good scores. Immuno-naive status, systemic ATB and corticosteroids during
ICI were also associated with significant PFS improvement (p=0.001, p=0.004 and
p=0.004, respectively) (Figure 6). No other clinical or hematological factors were
associated with PFS (Table 22).

Figure 6. Progression-free survival curves according to significant population
characteristics

Progression-rree

Legend. A: PFS according to LIPI score; B: PFS according to sATB administration during ICI
treatment; C: PFS according to systemic corticosteroids administration during ICI treatment; PFS:
progression-free survival; sATB: systemic antibiotics; ICIl: immune-checkpoint inhibitors.

Table 22. Univariate analyses of progression-free and overall survival

PFS oS

Variables Inf Sup Inf Sup
HR  g950c1 95%ct P | HR osuci os%ct P

Age (continuous) 099 098 101 0414|100 098 1.02 0.861
Sex (Male vs. Female) | 0.83 057 122 0343|078 050 120 0.253
ECOG (0-1 vs. 2-3) 093 050 173 0822|101 049 210 0976
Metastatic at diagnosis | 579 055 143 0199 | 1.02 067 155 0927
(Yes vs. No)
Cancer site (NSCLC 0.009 0.027
reference)

Gl tumors | 1.92 1.16 3.18 0.011| 0.51 0.23 112 0.094

Melanoma + H&N +rare| 5 56 435 388  0.003| 119 058 247  0.636
tumors

GU tumors| 117  0.63 217 0628 | 1.25 0.60 261 0.547
Breast cancer and
gynecologic tumors
ICI treatment line (1st vs.
>2nd)

2.36 1.21 462 0.012| 067 0.29 1.55 0.346

0.64 0.42 098 0.037| 0.70 043 116 0.164
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ICI treatment line
(continuous)
Immuno-naive status
(Yes vs. No)

Regimen (Monotherapy
vs. Combination)

ICI target (Anti-PD-L1 vs.

1.24 1.10 140 0.007 | 115 1.01 131  0.037

042 025 0.72 0.001| 0.60 0.33 111 0.098

092 0.64 1.32 0.644 | 0.83 0.55 1.26  0.389

0.95 0.62 1.45 0.803 | 0.91 0.57 1.46  0.697

Anti-PD1)
\N/'c'f‘)cera' disease (Yesvs. | g5 058 133 0527 | 085 053 137 0510
Number of metastases | 456 g7 167 0795| 089 053 149 0644
(23 vs. <3)

Basal LIPI Score 0.008 <0‘-’00

Intermediate vs. Good | 1.55  1.03 232 0.035| 1.85 1.15 297 0.011
Intermediate vs. Poor| 0.68  0.39 112 0.181| 048 0.26 0.89 0.019

Poorvs. Good| 228 129 403 0005|389 203 742 00

Basal Hb (continous) 1.00 0.99 1.01 0.867 | 099 0.98 1.01  0.362

Basal Albumin
(continous)

RT within 30 days from
ICl start (Yes vs. No)

RT during ICI (Yes vs.
No)

SATB within 30 days from
ICl start (Yes vs. No)
SATB during ICI (Yes vs.
No)

Corticosteroids within 30
days from ICl start (Yes 0.87 0.53 144 0582 | 1.06 0.60 1.89 0.842
vs. No)

Corticosteroids during ICI
(Yes vs. No)

TILs % (continous) 1.00 0.97 1.03 0.730 | 099 0.96 1.02  0.509
PD-L1 % (continuous) 0.99 0.98 1.00 0.003| 099 0.98 1.00 0.009
PD-L1 % (>10% vs.

096 0.92 1.01 0.092 | 097 0.92 1.02  0.270

1.35 0.66 277 0412 | 274 1.24 6.02  0.009

1.11 0.73 1.70 0625 | 1.22 0.77 1.93 0.405

054 035 0.83 0.792| 1.14 042 3.12 0.797

054 035 0.83 0.004| 063 0.39 1.03 0.060

0.58 0.39 0.85 0.004 | 0.77 0.50 119  0.241

0.32 0.16 0.66 0.002| 0.36 0.15 0.83 0.016

<10%)

PD1 mRNA (continuous) | 0.97  0.82 114 0682 | 0.89 0.74 1.07 0.208
TTBR (continuous) - - - - 054 0.39 0.76 <0j’00
ORR (CR+PR vs. <0.00
SD+PD) - - - - 012 0.05 0.30 1

Legend. HR: hazard ratio; inferior; Sup: superior; PFS: progression-free survival; OS: overall
survival; ICl: immune-checkpoint inhibitor; TILs: tumor-infiltrating lymphocytes; TTBR: time-to-
best response; ORR: overall response rates; CR: complete response; PR: partial response; SD:
stable disease; PD: progressive disease; NSCLC: non small cell lung cancer.

At the multivariate analysis, only immunotherapy-naive status (p=0.005) and LIPI score
(p=0.025) were associated with PFS independently from each other, cancer site,
treatment line, ATB, corticosteroids and previous RT (Table 23). PFS showed a positive
moderate correlation with OS: r=0.75, p<0.001.
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Table 23. Multivariate Survival analysis

ICI (Yes vs. No)

PFS 0s
Variables
Inf Sup Inf Sup
HR  g50,c1 9s%ct P | PR 95001 95%cI P

Cancer site (All others
ve NSCLO+GU) 1.51 095 239 0084 | 193  1.09 3.43 0.025
ICl treatment line (1st 087 053 141 0561 | 078 043 1.43 0.422
vs. 22nd)
Immunotherapy-naive 042 023 078 0.005]| 061 0.32 1.18 0.144
status (Yes vs. No)
Basal LIPI Score 0.025 <0.001

Intermediate vs. Good| 1.32 086 203 0211 | 167  1.01 2.77 0.045

Intermediate vs. Poor| 059 032 107 0081 | 040  0.21 0.77 0.006

Poorvs. Good| 224 124 403 0.007 | 422 216 8.23 <0.001
ﬁgB duringICI(Yesvs. | 476 047 123 0270 | 093 054 1.60 0.789
Corticosteroids during 0.71 045 111 0136 | 090 055 1.50 0.695
ICI (Yes vs. No)
Z:)e)"'c’us RT (Yes vs. 135 052 349 0535 | 310  1.05 9.15 0.041
ORR DCB
Variables
Inf Sup Inf Sup
OR  g5uct o5%ct © | OR  gs59c1  95%cC P
Cancer site
(NSCLC+GU vs. all 219 085 564 0.105| 239 091 6.29 0.079
others)
H st

'Zg'n;;eatme”t line (1'vs. | 198 078 505 0154 | 089  0.32 246 0823
SN"?;B duringICl (Yesvs. | 158 0e2 404 0341 | 3.89 1.54 9.85 0.004
Corticosteroids during 182 073 454 0198 | 207  0.81 5.27 0.127

Legend. HR: hazard ratio; OR: odds ratio; Inf:
survival; OS: overall survival; ORR: overall response rate; DCB: durable clinical benefit; ICI:
immune-checkpoint inhibitor; CR: complete response; PR: partial response; SD: stable disease;
PD: progressive disease; NSCLC: non-small cell lung cancer; GU: genitourinary; sATB: systemic
antibiotics; RT: radiotherapy.

Activity (TTBR, DOR, ORR, DCR)
The median TTBR was 2.5 months (95%ClI: 2.0 — 2.7) (Figure 7), with an ORR of 17.8%
(95%CI: 12.0 — 25.0%) (Table 21). Excluding patients who experienced a PD as best
response, the median DOR was 4.4 months (95%CI: 3.3 — 10.5) (figure 7), with 17.8%
(95%CI: 11.6 — 24.0%) patients experiencing a CR, PR or SD lasting 26 months (Table

21).

inferior; Sup: superior; PFS: progression-free
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Figure 7: Kaplan-Meier mTTBR and mDOR curves for the overall population
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Legend. Kaplan-Meier curves with their 95%CI for the overall population. mTTBR: median time

to best response. mDOR: median Duration of Response.

The DOR showed a positive moderate correlation with OS (r=0.60, p<0.001). Cancer
site appeared to be correlated with the achievement of ORR (p=0.044), with NSCLC and

GU tumors being associated with better ORR, compared to other cancers (p=0.011)

(Figure 8 and 9).

Figure 8: Best response according to tumor site.
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Figure 9: Waterfall plots for responses to immune-checkpoint inhibitors
A B

1% Line

[ 2"*and further lines

Legend. A: best responses in the overall population; B: best responses according to immune-
naive status; C: best responses according to tumor site; D: best responses according to treatment
line; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease;
NSCLC: non-small cell lung cancer; H&N: head and neck tumors; Gl: gastrointestinal.

First-line ICI appeared to be associated with stronger responses, compared to later lines
(p=0.021) (Figure 9). Systemic ATB during ICI were associated with increased DCB
(p=0.001) but not ORR (p=0.089). Notably, systemic corticosteroids administered during
ICI were associated with significantly better ORR (p=0.044) and DCB (p=0.015). There

were no other significant associations with ORR and DCB (Table 24).
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Table 24. Univariate analyses of overall response rates and durable clinical benefit
Univariate Analyses

Variables ORR DCB
Inf Sup Inf Sup
OR  Ig5uci| o5%cl | P OR I gs5vc1|95%ci| P
Age (continuous) 102 098 105 0439 | 102 098 106 0319
Sex (Male vs. Female) 146 057 376 0431 | 112 047 263 0.802
ECOG (0-1 vs. 2-3) 121 031 472 0779 | 050 014 175 0279

Metastatic at diagnosis
(Yes vs. No)

Cancer site (NSCLC+GU
vs. all others)

ICI treatment line (1st vs.

1.55 0.64 3.74 0.335 1.55 0.64 3.74  0.335

3.15 1.30 7.65 0.011 3.15 1.30 7.65 0.011

2.82 1.17 6.79 0.021 1.52 0.62 3.76  0.365

22nd)

ICI treatment line 061 040 091 0016 | 078 056 109 0.149
(continuous)

U:mN“g)o'”a"’e status (Yes | 357 045 2832 0228 | 357 045 2832 0228

Regimen (Monotherapy
vs. Combination)
ICI target (Anti-PD-L1 vs.

1.47 0.63 3.45 0.371 0.69 0.29 1.65 0.403

0.82 0.28 2.38 0.715 1.40 0.53 3.70  0.498

Anti-PD1)
\N/'s)cera' disease (Yes vs. 128 044 370 0651 | 123 044 370 0.651
\’:‘S“rzg')er ofmetastases (23| 179 029 219 0651 | 212 059 7.62 0249

Basal Hb (continous) 1.01 0.98 1.03 0.462 0.98 0.96 1.01  0.216

Basal Albumin (continous) 1.02 0.92 1.13 0.729 1.00 0.91 1.1 1.00

RTwithin 30days from ICl | 57 (07 480 0607 | 057 007 480 0607
start (Yes vs. No)

RT during ICI (Yes vs. No) 0.93 0.34 2.54 0.882 1.19 0.45 3.14  0.720

sATB within 30 days from
ICl start (Yes vs. No) 0.76 0.09 6.60 0.803 0.76 0.09 6.60 0.803

SATBduring ICI (Yesvs. | 545 g9 519 0089 | 483 198 1177 0.001

No)

Corticosteroids within 30

days from ICl start (Yes 073 020 266 0628 | 069 019 252 0570
vs. No)

Corticosteroids during ICl | 5 o 493 573 0044 | 294 124 701 0.015
(Yes vs. No)

TiLs % (continous) 1.01 095 107 0788 | 1.01 095 1.07 0.870
PD-L1 % (continuous) 103 1.01 105 0007 | 103 100 105 0.028

5?6;01)% (>10% vs. 16.92 194 14777 0.011 | 963 108 86.18 0.043
PD1 mRNA (continuous) 1.21 0.82 1.79 0.331 1.08 0.73 1.60 0.686
Legend. ORR: overall response rates; DCB: durable clinical benefit; OR: odds ratio; Inf: inferior;
Sup: superior; ICIl: immune-checkpoint inhibitor; NSCLC: non-small cell lung cancer; GU:
genitourinary; TILs: tumor-infiltrating lymphocytes; sATB: systemic antibiotics; RT: radiotherapy.

Overall results were not significant at the multivariate analysis for ORR (Table 23).
Conversely, sATB during ICI were independently associated with more favorable DCB
(p=0.004) and a trend for better DCB was observed for NSCLC and GU tumors vs. all
others (p=0.079) (Table 23).
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Overall survival
At the time of data cut-off, 91 deaths had occurred, and median OS was of 12.9 months
(95%CI: 9.9 — 17.4) (figure 10 and Table 21).

Figure 10: Kaplan-Meier overall survival curve for the overall population
B
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Legend. mOS: median overall survival.

Similarly to PFS, tumor site, number of treatment lines and LIPI score were significantly
associated with OS (p=0.021, p=0.037 and p<0.001, respectively) (Figure 11). When RT
was administered within 30 days before ICI treatment start, a significantly worse OS was
observed (p=0.009). Patients achieving an objective response were also prognostically
favored over patients achieving SD or PD as their best response (p<0.001) (Figure 11),
with better prognosis for longer TTBR (p<0.001). No other clinical or hematological
factors were associated with OS (Table 22).
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Figure 11: Overall survival curves according to significant population

characteristics
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Legend. A: OS according to cancer site; B: OS according to treatment line; C: OS according to
best responses; D: OS according to LIPI score; OS: overall survival; NSCLC: non-small cell lung
cancer; H&N: head and neck tumors; Gl: gastrointestinal; GU: genitourinary; SD: stable disease;
PD: progressive disease; CR: complete responses; PR: partial responses; RT30: radiotherapy
received within 30 days from IClI start.

At the multivariate analysis, the independent prognostic value of the LIPI score (p<0.001)
was confirmed, along with a detrimental effect for RT received within 30 days before ICI
was confirmed (p=0.041), as well. Also, compared to NSCLC and GU tumors, all other

cancers showed significantly worse OS (p=0.025) (Table 23).

4.3.4 Discussion

Here we assessed the correlation among many clinicopathological and biological factors
with activity and efficacy endpoint of ICI treatment, so to identify an easily detectable
profile of the patients that might gain the most benefit out of anti-PD1/PD-L1
immunotherapy. Overall, baseline LIPI score, immunotherapy-naive status, cancer type
and RT before starting ICI were the most relevant clinical factors independently

correlated with immunotherapy outcomes. Longer TTBR seem to associate with better
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survival, suggesting the need for not interrupting ICI therapy unless required for tumor

progression, tolerability issues or patient’s preference.

We confirmed that roughly 18% of patients treated with anti-PD1/PD-L1 ICI experienced
a durable clinical response of at least 6 months, including SD. In patients achieving
disease control, the DOR moderately correlated with OS and the longer the DOR, the
better the OS. Importantly, the TTBR also seemed to be positively correlated with OS.
Considering that no specific factors are currently able to prospectively predict the best
response the patient will achieve, nor for how long it will last, these results suggest that
anti-PD1/PD-L1 ICI might be preferably discontinued at tumor progression or

unacceptable toxicity, justifying maintenance/durable treatment strategies.

Unfortunately, only 17.8% patients were able to achieve a CR or PR, and the type of
response was associated with OS, with patients achieving an ORR experiencing an 88%

reduction in the risk of death, compared to patients achieving SD as their best response.

We investigated in our study the role of palliative RT administered right before or during
anti-PD1/PD-L1 ICI therapy. It has been considered that RT might potentially contribute
to determine a stronger systemic immune response (i.e. the abscopal effect) via
immunogenic cell death and antigen release, thus enhancing the efficacy of ICI
(136,137). However, in our cohort, RT administered during ICl was not associated to
PFS, OS or tumor responses. Surprisingly, RT administered within 30 days from ICI
treatment start was associated with worse OS, independently from all other
clinicopathological factors considered. We have no current explanation for this
observation and only 9 patients had received palliative RT immediately before ICI start,
making this finding difficult to generalize. Conversely, in line with other findings
(138,139), we did not observe any abscopal effect, providing more evidence to debunk

a widely postulated, yet scarcely objectivized phenomena(137).

Recently, Pinato et al. showed that systemic ATB administered prior to, but not during
IClI monotherapy, are associated with a worse treatment response and OS in solid
tumors(140), while ATB treatment in general seems not to impact on chemo-
immunotherapy outcomes(141). In our cohort, only ATB during, but not previous to anti-
PD1/PD-L1 treatment, were associated with better PFS (univariate analysis) and DCB
(univariate and multivariate analysis). To note, considering the very low number of
patients (n=7) that received ATB prior to ICI, we cannot completely exclude that an ATB-
induced gut microbial dysbiosis might impair ICI efficacy. At the same time, we had no

sign of detrimental effect during ICl-based therapy in a wider number of patients (n=41),
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in line with recent evidences (140,141), with a significant and independent association

to DCB which merits further investigation.

Whether systemic corticosteroids, due to their immunosuppressive effect, might impair
or not ICI when administered right before or during treatment is another matter of debate.
Several studies led to the conclusion that avoiding or delaying the use of corticosteroids
may result in maximizing the potential treatment benefits of immunotherapy (31—
33,35,142). However, other evidences highlight that corticosteroids have no detrimental
effect on immunotherapy and high doses of steroids might reflect poorer basal conditions
(e.g. active brain metastases, concurrent diseases, larger tumor volume), ultimately
responsible for the more scarce outcomes observed with ICl (36,37). In our study,
systemic administration of corticosteroids during ICI was associated with better PFS,
ORR and DCB at the univariate analysis but lost any significant effect when adjusting for
other clinicopathological factors. Corticosteroids prior to ICI did not show any significant
effect on outcomes. We did not observe any difference when dividing steroid-receiving
patients according to dose (above or below an equivalent of 30mg of prednisone; not
shown), as well. To note, in 48 out of 61 (78%) cases, systemic corticosteroids were
administered to treat immune-related adverse events and in 5 (8%) further cases were
administered as premedication to CT scan contrast medium. Thus, in our study
corticosteroid use did not reflect a baseline unfavorable condition beyond tumor type and
there was no hint that successfully treating IClI immune-mediated toxicities with

corticosteroids might ultimately impair anti-PD1/PD-L1 efficacy.

Multiple evidences have highlighted so far the capability of the simple LIPI score, based
on the derived neutrophile-to-lymphocyte ratio (ANLR) and LDH, to successfully predict
the prognosis of patients with NSCLC treated with immunotherapy (59,143). LIPI score
prognostic ability has been also evaluated in patients with various tumor types treated
with ICI, like melanoma, bladder cancer or solid tumors harboring MSI (54—
56,58,59,144). Our study confirms the capability of the LIPI score to successfully stratify
patients with solid tumors treated with anti-PD1/PD-L1 in different prognostic subgroups,
independently from all main clinicopathological characteristics, in a tumor agnostic
fashion, both in terms of PFS and OS. Patients with poor basal LIPI had a poor benefit
from ICI, hence the evaluation of LIPI may identify a subset of patients with no or reduced
benefit to anti-PD1/PD-L1 therapy. Considering the evidence available on this score, we
strongly encourage its use at least for the selection of patients for clinical trials with ICI

or as a stratification factor within such trials.

Noteworthy, an immunotherapy-naive status was associated to a significantly better

PFS, independently from other characteristics. Concordant recommendations regarding
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the opportunity to retreat patients already treated with immunotherapy do not exist.
Furthermore, these patients are usually excluded from clinical trials that evaluate new
ICI drugs or combinations so the evidence of activity in this setting is limited. A recent
meta-analysis pooling 49 available studies showed that in patients who had previously
discontinued ICI because of PD, ORR and median PFS were inferior to those of patients
who had previously discontinued ICI because of toxicity (15.2 % and 2.9 months vs. 44
% and 13.2 months, respectively) (145). Our findings, taken together with current
literature, seems to confirm that rechallenges with ICI, at least with anti-PD1/PD-L1,
should not be encouraged broadly, although in specific cases this strategy could be
considered. Understanding the clinical impact of neo/adjuvant ICI in patients with
relapsing metastatic disease candidate for immunotherapy will be of outmost importance
considering the rapid expansion of therapeutic indications also in early-stage solid
tumors(146,147).

Noteworthy, administering anti-PD1/PD-L1 in earlier lines seemed to be associated with
better PFS, OS and ORR at univariate analyses. Although the effect on PFS and OS
might have been influenced by a potential lead time bias, it is also true that a less
compromised immune system in untreated/less treated patients might favor the
elicitation of more potent immune responses. At the same time, it is important to
underline that treatment line lost its effect on all endpoints at multivariate analyses. Thus,
this finding seems to suggest that treatment line should not be an eligibility criterion for

ICI treatment.

Finally, we observed that NSCLC and GU tumors were associated with better survival
and activity outcomes compared to the rest of solid malignancies included in our study.
This result, for which a specific explanation cannot be provided in the context of this
analysis, is somewhat confirmatory of the good sensitivity to immune-checkpoint
inhibition observed in the clinical practice scenario. In fact, most ICI are currently

approved for NSCLC, prostate, kidney and bladder urothelial cancer.

Our study presents several limitations worth noting. First, its observational nature limited
any possibility of control with respect to the administered treatment or for a more
homogeneous tumor site distribution or treatment line. Second, there was no control
arm. Finally, patients were treated in clinical trials, which means that some agents are
not currently approved for the same clinical scenario. At the same time, this potential
bias highlights the added value of a Clinical Trials Unit in an Oncology Department, which
gives patients real therapeutic possibilities not otherwise or readily available in a pure
clinical practice scenario. Despite limitations, our study comprehensively assessed all

main clinicopathological characteristics considered in clinical practice. Data were
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prospectively collected and there was no specific selection bias related to excessively
strict inclusion criteria, which is the typical Achille’s heel when generalizing clinical trial
results to the “real-life” population(148,149). Furthermore, the sample size was in line

with most phase Il single arm trials.
4.3.5 Conclusion

To resume, only <20% of patients with solid tumors obtain an objective and durable
response with anti-PD1/PD-L1 ICI, with the magnitude and duration of response being
directly associated with outcomes. The appropriate selection for patients more likely to
achieve a durable response to ICI should be a priority. In this perspective, common
clinicopathological factors seem not to be able to identify the best candidates for
immunotherapy, except for immunotherapy-naive status. Systemic corticosteroid
administration for treating ICl-related adverse events is a feasible therapeutic strategy
which seem not to negatively affect ICl efficacy, as well as systemic ATB administered
during treatment. Importantly, none of our RT-treated patients experienced a beneficial
abscopal effect, while RT detrimental effect when administered before starting ICI should
be further elucidated in wider casuistries. Importantly, our study provides additional
evidence to support the use of basal LIPI score at least to select patients for clinical trials
with anti-PD1/PD-L1 ICI and/or as stratification factors.
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Chapter 4.4 SECONDARY OBJECTIVE 2:

Role of PD1 mRNA levels, PD-L1 protein expression and
Tumor Infiltrating Lymphocytes (TILs) levels as
predictor of response or resistance to immunotherapies

This objective was explored and published as previously mentioned in the Cancer
Inmunology, Immunotherapy in 2023. Data data cut-off was 31/08/2021 at that time. Full

article is in appendix 1.
Original article reference is (113):

Garcia-Corbacho Javier, Indacochea Alberto, Gonzalez Navarro E. Azucena, Victoria
Ivan, Moreno Débora, Pesantez David, Angelats Laura, Modrego-Sanchez Andrea,
Sanfeliu Esther, Castillo Oleguer, Blasco Paula, Mezquita Laura, Vifiolas Nuria, Nogué
Miquel, Galvan Patricia, Adamo Barbara, Basté Neus, Sauri Tamara, Juan Manel, Prat
Aleix, Schettini Francesco. Determinants of activity and efficacy of anti-PD1/PD-L1
therapy in patients with advanced solid tumors recruited in a clinical trials unit: a
longitudinal prospective biomarker-based study. Cancer Immunology, Immunotherapy.
2023 Jun;72(6):1709-1723.

PMID: 36625938. PMCID: PMC10198872. DOI: 10.1007/s00262-022-03360-9

In this publication we explored the role of PD1 mRNA, PDL1 and TILs in our population
when tumor samples were available. Besides, we observed an unexpected prolonged
complete response in a patient diagnosed of sarcoma so we decided to perform a deeper
analysis of that patient that was published as case report in 2023. Full article is in

Appendix 2.
Original article reference is (129):

David Pesantez, Alberto Indacochea, Laura Angelats, Marianna Sirico, Ivan Victoria,
Esther Sanfeliu, Cristina Teixido, Azucena E. Gonzalez-Navarro, Patricia Galvan, Fara
Braso-Maristany, Pedro Jares, Manel Juan, Aleix Prat, Francesco Schettini, Javier
Garcia-Corbacho.Unexpected durable complete response with anti-PD-L1 blockade in
metastatic undifferentiated pleomorphic sarcoma: a case report with host and tumor

biomarker analysis. JCO Precision Oncology

DOl https://doi.org/10.1200/P0O.23.00051
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4.41 FIRST PUBLICATION

Abstract

Background: Immune-checkpoint inhibitors (ICI) have revolutionized the therapeutic

landscape of cancer. However, optimal patient selection is still an unmet need.

Methods: One-hundred-forty-six patients with metastatic cancer candidates to ICI at the
Hospital Clinic of Barcelona Clinical Trials Unit were prospectively recruited in this
observational study. Blood samples were collected at different timepoints, baseline LIPI
score calculated and pre-ICl archived tissues retrieved to evaluate PD-L1, tumor-
infiltrating lymphocytes (TILs) and PD1 mRNA levels. Tumor assessments were centrally
reviewed by RECIST 1.1 criteria. Associations with overall response rates (ORR),
durable clinical benefit (DCB), progression-free survival (PFS) and overall survival (OS)
were performed with univariable/multivariable logistic and Cox regressions, where

appropriate.

Results: At a median follow-up of 26.9 months, median PFS and OS were 2.7 and 12.9
months. Response rates were 17.8% with duration of response (DOR) of 4.4 months.
LIPI score was independently associated with PFS (p = 0.025) and OS (p < 0.001).
Immunotherapy-naive status was independently associated with better PFS (p = 0.005).
Time-to-best response (TTBR) and ORR (p < 0.001 both) were associated with better
OS at univariate analysis. PFS and DOR were moderately correlated with OS (p < 0.001
both). A PD-L1 10% cut-off detected worse/best responders in terms of ORR (univariate
p = 0.011, multivariate p = 0.028) and DCB (univariate p = 0.043). PD1 mRNA levels

were strikingly associated to complete responses (p = 0.021).

Conclusion: To resume, in our prospective observational pan-cancer study, baseline
LIPI score, immunotherapy-naive status, cancer type and RT before starting ICI were
the most relevant clinical factors independently correlated with immunotherapy
outcomes. Longer TTBR seemed to associate with better survival, while PD1 mRNA and
PD-L1 protein levels might be tumor-agnostic predictive factors of response to ICI and

should be furtherly explored.
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4.4.1.1 Introduction

In the last decade ICI become part of our therapeutic tools for several solid tumors.
Nevertheless, a wide range of the patients who receive a ICI do not benefit from them.
The only predictive biomarkers of response that can be used in clinical practice are the
assessment of PD-L1 levels by immunohistochemistry (IHC), micro-satellite instability
(MSI) and tumor mutational burden (TMB), though the latter only in the USA
(27,65,66,150). However, they have been variably successful in predicting responders
according to different cancers and their use is limited to specific contexts (65,66,150).
The outcome of ICI therapy has also been linked to the quality and magnitude of tumor-
infiltrating lymphocytes (TILs)" responses within the tumor microenvironment, though

without current clinical applicability(151).

In the previous objective we explored the influence of clinicopathological factors on the
outcomes. Here we explore the influence of tumor-based biomarkers in the outcomes of
our population, with a data cut off of 31/08/2021.

4.4.1.2 Materials and methods
Study design and participants

Study design, full inclusion/exclusion criteria and evaluable criteria have already been

reported in chapter 3: Methodology and chapter 4.3: secondary objective 1.
Procedures

Apart from the blood samples and clinical data previously mentioned, archived tumor
sections from the primary or the latest available metastatic biopsy before starting I1CI
were collected in case of availability and explicit patient consent. An expert pathologist
from the HCB carried out an assessment of tumor-infiltrating lymphocytes (TILs) through
the evaluation of hematoxylin and eosin (H&E)-stained formalin-fixed paraffin-embedded
(FFPE) tumor sections (4-5um thick, magnification x 200-400), according to the
methodology proposed by the International Immuno-Oncology Biomarkers Working
Group(152).

Dr Prat at Translational Genomics and Targeted Therapies in Solid Tumors Lab
previously demonstrated a correlation between PD1 mRNA levels and response to anti-
PD1 ICI across cancer types (123). Samples collected were shipped to their lab where
we analyzed the expression of PD1 mRNA using the Nanostring® nCounter® platform

in FFPE tumor samples across cancer types, as in the previous publication (123).
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Methods for RNA extraction, quality assessment and gene expression analysis have

been previously described in chapter 3: methodology.

PD-L1 in tumor tissues was analyzed in FFPE tissue sections at the HCB as per clinical
practice, using the mouse monoclonal antibody 22C3 (Dako) anti-PD-L1 monoclonal
antibody on a Dako Autostainer, following manufacturer's recommendations. PD-L1
immunohistochemical (IHC) expression in non small-cell lung cancer (NSCLC) was
evaluated in tumor cells to obtain a tumor proportion score (TPS) identifying the % of
tumor cells expressing PD-L1, as per clinical practice(153). In all other tumors where
PD-L1 positivity was tested (14/46 cases, 30%), the combined positive score (CPS) was
used to assess PD-L1 status, as per clinical practice. The CPS is defined as the total
number of tumor cells and immune cells stained with PD-L1, divided by the number of
all viable tumor cells, then multiplied by 100(154). It has been previously demonstrated
that PD-L1 TPS and CPS are highly concordant in NSCLC (155), therefore we jointed

PD-L1 scores for the purpose of this exploratory analysis.
Study endpoints and outcomes

This analysis was intended to correlate baseline clinicopathological factors to response,
in terms of overall response rate (ORR) and durable clinical benefit (DCB), and survival,
in terms of progression-free survival (PFS) and overall survival (OS). Clinicopathological
factors analysis was previously reported. Here we explain the impact of TlLs, PD-L1 and
PD1 mRNA impact on ORR, DCB, PFS and OS in patients treated with ICI.

Statistical Analysis

Univariate and multivariable logistic regression analyses were performed to investigate
the association between PD1 mRNA abundance with tumor response. Odds ratios (OR)
with 95% confidence intervals (Cl) were used as measure of association with ORR and
DCB. The maximally selected rank statistics (MSRS) method was adopted to identify an
exploratory optimal cut-off for PD1 mRNA, TILs and PD-L1 protein, considering PFS as
the time-dependent end-point(156). Further details regarding outcomes analysis were

given in chapter 4.3.
4.4.1.3 Results

Between May 2017 and June 2021, 156 patients entered the study and 146 received an
anti-PD1/anti-PD-L1-based treatment. The median follow-up at the data cut-off
(31/08/2021) was 26.9 months (95% CI: 13.1 — 31.7). All patients and tumors

characteristics were previously detailed in Table 20.
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Tissue biomarkers exploratory analysis

PD-L1 protein expression, TILs levels and PD1 mRNA levels could be assessed for 46
(31.5%), 102 (69.9%) and 68 (46.6%) patients, respectively.

Increasing protein levels of PD-L1 were found to be associated with slightly better PFS
(HR: 0.987, 95%CI: 0.978 — 0.995, p=0.003). The MSRS method was then applied to
detect a potential cut-off of PD-L1 expression to identify patients at better/worse
prognosis in terms of PFS. An optimal cut-off of 10% could identify patients with
significantly different PFS (£10% vs. >10% HR: 3.12, 95%CI: 1.53 — 6.36, p=0.002), also
when adjusting for cancer site (p=0.030) (Figure 4, Table 24).

Table 24. Univariate analyses of progression-free and overall survival
PFS (015

Variables Inf Sup Inf Sup
HR 95001 os5%ct P | HR  gs50c1  95%0CI

TILs % (continous) 1.00 0.97 1.03 0.730 | 0.99 0.96 1.02  0.509
PD-L1 % (continuous) | 0.99 0.98 1.00 0.003 | 0.99 0.98 1.00 0.009

- 0, 0,
:EOQI;/:) % (>10% vs. 0.32 0.16 0.66 0.002 | 0.36 0.15 0.83 0.016

(F’Caltmso’\l‘g) 097 082 114 0682| 089 074 107 0.208

TTBR (continuous) - - - - 0.54 0.39 0.76  <0.001
ORR (CR+PR vs.

SD+PD) - - - - 0.12 0.05 0.30 <0.001
Legend. HR: hazard ratio; inferior; Sup: superior; PFS: progression-free survival; OS: overall
survival; TILs: tumor-infiltrating lymphocytes; TTBR: time-to-best response; ORR: overall

response rates; CR: complete response; PR: partial response; SD: stable disease; PD:
progressive disease.

P

Additionally, higher levels of PD-L1 were associated with significantly better ORR (OR:
1.03, 95%CI: 1.01 — 1.05, p=0.007) and DCB (OR: 1.03, 95%CI: 1.00 — 1.05, p=0.028).
The previously established 10% cut-off was able to distinguish between best/worst
responders in terms of ORR (p=0.011) and DCB (p=0.043) at univariate analysis, as well
(Table 25). When adjusting for cancer site, the cut-off retained its significance in terms
of ORR (OR: 11.67, 95%CI: 1.30 — 104.82, p=0.028). Finally, the PD-L1 cut-off was also
able to distinguish between patients with worse/better OS at univariate analysis (HR:
2.83, 95%Cl: 1.22 - 6.57, p=0.016) and when adjusting for cancer site (p=0.024) (Figure
12, table 24).
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Table 25. Univariate analyses of overall response rates and durable clinical benefit
Univariate Analyses

Variables Inf ORRSu Inf DCBSu
OR |gsoci|osmer| P | OR |osvici| os%er | P
TILs % (continous) 101 095 107 0788] 1.01 095 107 0870
PD-L1 % (continuous) 103 101 105 0.007| 103 100 105 0.028
PD-L1 % (>10% vs. <10%) | 16.92 1.94 147.77 0.011| 963 108 86.18 0.043
PD1 mRNA (continuous) | 1.21 082 179 0331| 1.08 073 160 0.686

Legend. ORR: overall response rates; DCB: durable clinical benefit; OR: odds ratio; Inf: inferior;
Sup: superior; TILs: tumor-infiltrating lymphocytes.

Figure 12. PD-L1 protein associations with Progression Free Survival and Overall
Survival.
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Legend. Progression-free survival Kaplan-Meier curves according to a PD-L1 cut-off selected
with the Maximally Selected Rank Statistics method; Overall survival Kaplan-Meier curves
according to the selected PD-L1 cut-off.

Both TILs and PD1 mRNA levels were not significantly associated to PFS (p=0.730 and
p=0.682, respectively), ORR (p=0.742 and p=0.331, respectively), DCB (p=0.870 and
p=0.352, respectively) and OS (p=0.509 and p=0.208, respectively) (Table 24 and 25).
However, PD1 mRNA levels were strikingly associated to the achievement of CR (Figure
13), compared to all other responses (OR: 2.35, 95%ClI: 1.14 - 4.87, p=0.021) and
achieving an objective response was associated to better OS, as previously reported
(HR: 0.12, 95%CI: 0.05 — 0.30, p<0.001).
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Figure 13. PD1 mRNA levels’ main associations with outcomes.
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Legend. PD1 mRNA levels in patients achieving an objective response vs. patient not achieving
an objective response in the left box plot and PD1 mRNA levels in patients achieving a complete
response vs. patients not achieving a complete response in the right box plot; CR: complete
response; PR: partial response; SD: stable disease; PD: progressive disease; P values in box
plots are referred to Student’s t tests for differences in mean PD1 mRNA levels.

4.4.1.4 Discussion

Here we assessed the correlation among many clinicopathological and biological factors
with activity and efficacy endpoint of ICI treatment, so to identify an easily detectable
profile of the patients that might gain the most benefit out of anti-PD1/PD-L1
immunotherapy. Apart from the clinicopathological factors mentioned in the previous
section, we observed that PD1 mRNA and PD-L1 protein levels might be tumor-agnostic

predictive factors of response to ICI.

Unfortunately, only 17.8% patients were able to achieve a CR or PR, and the type of
response was associated with OS, with patients achieving an ORR experiencing an 88%
reduction in the risk of death, compared to patients achieving SD as their best response.
In this perspective, although the number of cases with tumor tissue available for mMRNA
detection was too low for introducing the variable in the multivariate logistic regression
models, we confirmed the capability of PD1 mRNA to identify patients more likely to
achieve an objective response, CR above all (Figure 13), as Translational Genomics
and Targeted Therapies in Solid Tumors Lab group previously demonstrated (123).

Interestingly, while TILs seemed not to correlate with response and survival outcomes in
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a pan-cancer context, PD-L1% was positively associated with a slightly higher likelihood
of achieving an objective response (OR: 1.03) and a 1% reduction in the risk of
progression or death for each unitary increase. Additionally, a cut-off of 10% appeared
to be optimal in discriminating between patients at higher likelihood of achieving an
objective and durable response and at lower risk of progression or death, similarly to
what observed for example, with pembrolizumab in metastatic triple negative breast
cancer(157). Nevertheless, a larger casuistry is required to confirm the result
independently from other variables and across cancer types, along with a uniform

assessment of PD-L1 throughout cancer types.

As our study was a non-interventional trial, we could not realize any tumor biopsy for
patients lacking tumor tissues. This prevented us from testing for PD-L1 protein levels
and PD1 mRNA in all patients’ tumors which is a clear limitation. Nevertheless, we hope
that ACROPOLI clinical trial that is currently ongoing will clarify the potential of PD1
MRNA as ICI biomarker. (86)

4.4.1.5 Conclusion

Less than 20% of patients with solid tumors obtain an objective and durable response
with anti-PD1/PD-L1 ICl, so the appropriate selection for patients more likely to achieve
benefit with ICI remains a priority. Our study provides additional evidence to support the
use of PD1 mRNA in tumor tissue at least to select patients for clinical trials with anti-
PD1/PD-L1 ICI and/or as stratification factors, while PD-L1%, with a potential 10% cut-
off, is a promising tumor-agnostic prognostic and predictive factor. However, it should be
further validated in appropriately powered prospective studies and with the same

detecting methodology, preferably CPS, potentially more generalizable than TPS.
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4.4.2 SECOND PUBLICATION: Case Report (129)

4.4.2.1 Background

Soft tissue sarcomas (STS) are a heterogeneous group of tumors, representing ~1% of
adult malignancies (158). Within STS, undifferentiated pleomorphic sarcomas (UPS) are
one of the most frequent subgroups (5-15%)(159). UPS are typically deep-seated lesions
that enlarge rapidly and painlessly, frequently located in the limbs, followed by the
trunk(159). Treatment options for advanced UPS remain limited and the prognosis for
patients with metastatic disease is poor, with a median survival of ~12 months (160).
UPS is characterized by a high level of genomic instability, as indicated by its complex
karyotype with low tumor mutational burden (TMB) but high copy number alterations
(CNA) (161,162). This feature can be theoretically associated to higher immunogenicity,
due to a potential increase in neoantigens formation (163). For this reason, there is
potential role for immunotherapy with immune-checkpoint inhibitors (ICI) in this subset
of patients (1).

Here, we report the case of a patient with metastatic UPS of the chest wall successfully
treated with an anti-PD-L1 ICI at the Clinical Trial Unit (CTU) of the Hospital Clinic of
Barcelona (HCB), who experienced a surprisingly prolonged complete response (CR). A

molecular profiling to explain this atypical response was carried out and hereby reported.

4.4.2.2 Case Presentation

A 69 year old man without relevant medical history was diagnosed in June 2017 at the
HCB with a stage IV UPS of the chest wall with one pulmonary metastasis. As first-line
treatment four cycles of doxorubicin 50mg/m? in continuous infusion at day 1 plus
ifosfamide 2000 mg/m? with MESNA uroprotection for three consecutive days, every
three weeks were administered. The patient obtained a stable disease (SD) as best
response (BR) and a tumorectomy with pulmonary metastasectomy was performed
afterwards. However, after 2 months the patient was admitted to our hospital due to
seizures. A magnetic resonance imaging (MRI) was performed and showed brain
metastasis (Figure 14A-B). The lack of previous symptoms and brain imaging prevents
to know if it was already present. A new CT scan showed bilateral lung metastases, as
well (Figure 14C). The patient was treated with whole brain radiotherapy (WBRT) with a
total of 30 Gy to stabilize the brain lesion; then, after approximately one month, started
a second-line treatment with an experimental probody directed against PD-L1,
administered every two weeks, in cycles of eight weeks. After eight months of anti-PD-
L1 treatment, the patient experienced a CR in extracranial target lesions according to
RECIST 1.1 criteria (131) (Figure 14D) and minimal residual changes in brain MRI. After
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52 months the patient discontinued the treatment because of the lack of production of

the study drug. In the last reassessment in November 2022, after 64 months, the patient

was still with no evidence of disease progression. The clinical case is resumed in Figure
15.

Figure 14. Representative imagi

Legend. (A) CNS metastasis at baseline MRI; (B) CT CNS images at the moment of obtaining a
CR (MRI no longer used after baseline); (C) lung metastases at baseline CT scan; the largest
lung lesion measured 16 mm in its maximum diameter, with several additional satellite lesions;
(D) lung CT scan at the moment of obtaining a CR. CR, complete response; CT, computed
tomography; MRI, magnetic resonance imaging.
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Figure 15. Case report timeline.
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Legend. The first-line scheme consisted in doxorubicin 50 mg/m2 in continuous infusion at day
1 plus ifosfamide 2,000 mg/m2 with MESNA uroprotection for 3 consecutive days, administered
once every 3 weeks. Whole-brain radiotherapy was administered to reach a total of 30 Gy to
stabilize the brain lesion. The experimental probody directed against PD-L1 was administered
once every 2 weeks, in cycles of 8 weeks. DFI, disease-free interval.

4.4.2.3 Molecular assessments
Host Biomarkers

Previously to start the anti-PD-L1 treatment, we calculated the derived neutrophil-to-
lymphocyte ratio (dNLR) and the lung immune prognostic index (LIPI), which we proved
to be a highly performing tumor-agnostic prognostic scores for ICI-treated patients (164).
The dNLR was 1.51 and the LIPI score was 0, both suggesting a good prognosis
(49,118). Such scores did not substantially change after the first cycle of ICI.

Also, we performed an exploratory study of the T cells population in peripheral blood.
Blood samples were collected at baseline, at cycle 2 and at each radiologic evaluation.
Flow cytometry analyses were performed using the lineage and differentiation markers
CD25, CD3, FOXP3, CD40L, HLA-DR, CD4, CD62L, CD69, CD8, CTLA4, CD19,
CD16/56, CD28, PDL1, PD1, CD45RO/RA and CCRY.

Before cycle 1 of anti-PD-L1 treatment, the patient had high blood levels of effector
memory T cells with low naive T cells. At the time of complete response, the naive T cell
increased from 9.3% to 21.5% with a decrease of 15% in effector memory T cells. When
the patient did not receive the anti-PD-L1 treatment at cycle 10, the naive T cell
populations were 9.9%, similar to baseline (Figure 16A). However, T subpopulations
levels in blood did not show a clear pattern in relation to treatment response and

maintenance. NK lymphocytes and Tregs showed undulatory non-informative patterns,
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as well (Figure 16B). At the same time, B cells levels in blood showed a substantial

increase though time (Figure 16C).

Figure 16. Lymphocyte subpopulations levels at different time points and immune
genes relative transcript abundance.
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Legend. (A) Circulating T lymphocyte subpopulations levels at different time points; (B) circulating
NK and Tregs lymphocyte subpopulations levels trends through time; (C) circulating B lymphocyte
subpopulations levels trends through time; (D) boxplots of mMRNA levels of different gene clusters.
The numbers 1-20 (A-C) are referred to the number of TAC evaluation. Red lines (B and C) are
representative of the different lymphocytes levels trends. C1, first cycle; CM, central memory; CR,
complete response; CT, computed tomography; D1, cycle day 1; D15, cycle day 15; EM, effector
memory; |GG, immunoglobulin G; NK, natural killer; Tregs, regulatory T lymphocytes.

Tumor Biomarkers

In order to interrogate genomic alterations of well-known genes altered in cancer that
might both potentially explain the unexpected therapeutic response, as well as
representing potential future targets, we carried out a molecular testing in pre-treatment
formalin-fixed paraffin-embedded (FFPE) tumor tissue through the Oncomine™ Focus
assay (ThermoFisher Scientific™, Waltham, Massachussets, USA) (Table 26). This next
generation sequencing (NGS)-based assay detected the following pathogenetic hotspot
mutations: BRAF G469V, FGFR4 W460Ter, NRAS G12S and PIK3CA H1047R.
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Table 26. List of genes included in the Oncomine™ Focus gene panel
Oncomine™ Gene Panel

Hotspot mutation target genes CNV target genes Pathogenetic fusions
involved genes
AKT1 IDH1 AKT1 MYCN ABL1 NTRK3
ALK IDH2 ALK PDGFRA AKT3 PDGFRA
AR JAK1 AR PIK3CA ALK PPARG
BRAF JAK2 BRAF - AXL RAF1
CDK4 KIT CCND1 - BRAF RET
CTNNB1 KRAS CDK4 - EGFR ROS1
DDR2 MAP2K1 CDK6 - ERBB2 -
EGFR MAP2K2 EGFR - ERG -
ERBB2 MET ERBB2 - ETV1 -
ERBB3 MTOR FGFR1 - ETV4 -
ERBB4 NRAS FGFR2 - ETVS -
ESR1 PDGFRA FGFR3 - FGFR1 -
FGFR2 PIK3CA FGFR4 - FGFR2 -
FGFR3 RAF1 KIT - FGFR3 -
GNA11 RET KRAS - MET -
GNAQ ROS1 MET - NTRK1 -
HRAS SMO MYC - NTRK2 -

Legend. CNV: copy number variation.

FFPE tumor tissue was used to carry out a gene expression-based assay (165) with a
Nanostring® nCounter® platform (Nanostring Technologies, Seattle, MA, USA) at our
laboratory. The assay included cancer- and immune-related genes, including PDCD1
(PD1), which expression we considered worthy assessing in this context (Table 27). The
PD1 mRNA level detected was -3.657 (relative transcript abundance), meaning high
levels of expression according to the cut-off from Paré et al. predicting benefit with anti-
PD1 ICI (87). With the same assay we compared the levels of expression of multiple
immune genes associated with B cells, T cells, innate immunity cells and cytokines, as
well as the established immunoglobulin G (IGG) signature, originally identified in breast
tumors (Table 27)(166).
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Table 27. List of genes included in the custom 192-gene panel.
PAM50 E192 Gene Panel

ABCC11 CD7 EOMES IL18R1 MKI67 RRM2
ACTG2 CD79A* ERBB2 IL23A MLPH S100A9
ACTR3B CD84 ERBB3 IL2RG* MMP1 SERPINB5
AFF3 CD86 ERBB4 L34 MMP11 SFRP1
AGR2 CD8A ESR1 IRF1 MND1 SH2D1A
AGR3 CDC20 ETFA IRF4 MPHOSPH6 SIAH2
ANLN CDC6 EXO1 IRF8 MRAS SLAMF1
AR CDCA1 F12 1ISG20 MSLN SLC39A6
ASPM CDCA5 FA2H ITK MucCL1 SPDEF
AURKA CDCAS8 FGFR1 KCTD9 MYBL2 STARD3
BAG1 CDH3 FGFR2 KIF23 MycC STAT1
BCL2 CDKN3 FGFR4 KIF2C NAT1 STAT4
BIRCS CENPA FHOD1 KLK5 NDRG2 TCAP
BLVRA CENPF FOXA1 KLRB1 NECTIN4 TFCP2L1
BOC CEP55 FOXC1 KLRD1 NEK2 THSD4
BRCA1 CLUAP1 GABRP KNTC2 NFIB TMEM45B
BRCAZ2 CNTNAP2 GAPD KRT14 NQO1 TNFRSF17*
BUB1 CREB3L4 GARS KRT17 NTN3* TOP2A
C2orf54 CRYAB GATA3 KRT18 ORC6L TROP2
CCNB1 CTLA4 GNLY KRT5 ORMDL3 TRPV6
CCNB2 CX3CL1 GPNMB KRT6B PDCD1 TSPAN13
CCND1 CXCL13 GPR160 KYNU PGR TTK
CCNET1 CXCL8* GRB7 LAX1* PHGDH TYMS
CD19 CXCL9 GSDMB LGALS9 PIM2* UBE2C
CD2 CXCR6 GZMA LY9 PNMT UBE2T
CD27* CXXC5 GZMB MAGED2 POU2AF1* XBP1
CD274 DGKD HLA-C* MAPT PSMD3 ZNF552
CD3D DNAJC12 ID4 MDM?2 PTTG1 ACTB
CD3G DNALI1 IGJ* MELK PUM1 MRPL19
CD4 E2F1 IGKC* MFSD2A RADS51 PSMC4
CD40 EAF2 IGL* MIA RB1 RPLPO
CD68 EGFR IGLV3-25* MID1 RRAGA SF3A1

Legend. *: identifies the 14 genes integrating the immunoglobulin G (IGG) signature. These
genes are implicated in the maturation of T and B lymphocytes progenitors (IL2RG), CD4+ and
B lymphocytes activation and survival (CD27, TNFRSF17, PIM2), B lymphocytes differentiation
in germinal centers (POU2AF 1), immunoglobulin production (CD79a, IGJ, IGKC, IGL, IGLV3-25),
chemotaxis (CXCL8, NTN3), and regulation of B, T and NK lymphocytes activity (LAX1, HLA-
C)(66).

The mean mRNA levels for IGG-related genes and of all immune genes taken together
were higher than mean mRNA levels of all the 192 genes included in the research-based
PAM50 codeset (ANOVA p=0.029) (Figure 16D). The relative transcript abundance of
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the IGG signature and of all immune genes together corresponded to the 72" and 58"

percentile of the entire codeset, respectively.

PD-L1 was evaluated using immunohistochemistry (IHC) 22C3 pharmDx (Agilent, Santa
Clara, CA, USA). PD-L1 was positive with a combined positive score (CPS) of 70%.
Additionally, we explored the tumor microenvironment in the primary tumor through IHC
and found a high CD4+ and CD8+ T cell infiltration with low CD20+ (B cells) and FOXP3+
Tregs infiltration (Figure 17). No tertiary lymphoid structures (TLS) were observed.

Figure 17. Representative images of immune infiltrate in the patients’ tumor.

Legend. (A) CD4: T-helper lymphocytes; (B) CD8.: cytotoxic T lymphocytes; (C) CD20: B
lymphocytes; (D) FOXP31 regulatory T lymphocytes (Tregs). All pathology images are magnified
at 403. 1, positive; Tregs, regulatory T lymphocytes.

4.4.2.4 Discussion

UPS is a rare and difficult-to-treat solid tumor with limited therapeutic options(160).
Recently, several phase 2 studies investigated the outcomes of anti-PD1/PD-L1 ICI in
patients with advanced sarcoma(160,167,168). Responses were observed only for some
histological subtypes, including UPS, with Tawbi et al. reporting a 40% objective
response rate to anti-PD1(167). Other studies showed similar results, suggesting that a

subset of UPS patients may respond to immune checkpoint blockade(169,170).
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Nevertheless, the PEMBROSARC phase Il trial demonstrated that in an unselected
population, the clinical benefit of ICI was extremely limited, with a 6-month non-
progressing rate of 4.9% (95% confidence interval [CI]:0.6—16.5) and overall response
rate of 2.4% (95%CI:0.1-12.9)(168). However, results were impressive when intratumor
TLS were observed(168). These evidences suggest that ICI can be beneficial to sarcoma
patients, including UPS, but correct biomarker identification is essential(171). In fact, in

our case, no TLS was observed at baseline, despite impressive response to ICI.

It has been reported that UPS present with a high expression of genes related to both
antigen presentation and T-cell-mediated immunity, and is among the most mutated STS
subtypes, suggesting that it may be well suited to treatment with ICI(172). Unfortunately,
we could not measure the TMB of our patient’s tumor, which is an established biomarker
of response to ICI with anti-PD-L1 pembrolizumab(173). However, not many genomic
mutations were found, nor were observed alterations clearly associated to
immunotherapy benefit. Conversely, the presence of a BRAF G469V and NRAS G12S
mutations suggested a possible hyperactivation of the RAS/MAPK pathway, which
usually confers poor prognosis in UPS(174). An FGFR4 mutation was observed, as well
(i.e. FGFR4 W460Ter), which is a driver gene for rhabdomyosarcomas(175). Despite
these potentially unfavorable mutations, our patients showed an unexpected and
impressive response to ICl with a progression-free interval of more than 5 years and a

durable CR, which is quite unusual for such disease.

Interestingly, our patient received WBRT one month before starting anti-PD-L1
treatment. This approach could have increased the permeability of the blood-brain
barrier and improved the brain metastasis response, as suggested from studies
conducted in other tumor types. This combined approach might thus merit further

evaluation in wider casuistries also in the context of UPS (54,176,177).

To note, the patient had good prognosis according to both basal LIPI score and dNLR,
confirming that these scores provide a valuable prognostic information in patients with

solid tumors treated with immunotherapy, as we and others reported(49,54,164).

It has to be noted that high PD-L1 protein levels were observed at baseline. This
biomarker has been associated to response to ICI directed against the PD1/PD-L1 axis
in multiple trials(113,178,179), a predictive potential that seems to find confirmation in
our case. However, PD-L1 is a suboptimal biomarker, since different and not
interchangeable assays and methodologies for assessment are available, with different
indications depending on the tumor and leading to different ICI prescriptions(154,178).

Moreover, several meta-analyses led to opposite conclusions (180). Noteworthy, PD1
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MRNA levels were also considered high, if taking into account the cut-off for prediction
of anti-PD1 ICl benefit recently established in a pan-cancer context(87,113). This
biomarker has the advantage over PD-L1 to be detectable with a standardized and high
reproducible methodology and might be applied potentially in all solid tumors. In our
case, it successfully predicted anti-PD-L1 benefit. Hence, we believe that further
confirmation of its predictive potential should be pursued, also in the context of patients
treated with anti-PD-L1 ICI.

Interesting from a biologic perspective is the finding that peripheric B lymphocytes levels
increased during the treatment and basal levels of the IGG immune signature were
higher than overall mean gene expression. This signature seems to reflect adaptive
immune response activation mostly associated to B cell response and immunoglobulin
production and was associated with more favorable outcomes in the aggressive triple
negative breast cancer subtype(181). Interestingly, we recently observed in a publicly
available dataset from The Cancer Genome Atlas (TCGA) that the IGG signature was
associated to better OS in STS (hazard ratio [HR]: 0.78, 95%CI: 0.62-0.97, p=0.029)
(182). Another study showed that TLS enriched in B cells in sarcoma’s microenvironment
are associated to better prognosis and response to immunotherapy(128), though in our
case there were no TLS in baseline tumor tissue. Overall our case, along with these
findings, suggest that anti-PD-L1 ICI are an effective treatment option in UPS and that B
cell immunity is likely responsible for the antitumoral effect of this therapeutic approach
in this disease. Moreover, B cells can contribute to the upregulation of T cell responses.
In our patient’s tumor microenvironment, high cytotoxic T cell infiltration was observed,
with reduced Tregs infiltrates, usually negative regulators of antitumoral immune
responses(183), consistently with the recent report from a sub-cohort of the
PEMBROSARC trial(184). Whether this might be a proxy for tumor immune sensitivity

should be further clarified.

Finally, while B cells infiltrates were not extensive at baseline, circulating B lymphocytes
progressively increased throughout the treatment, raising the question of whether B cells
levels might represent a good tool to monitor therapeutic response. Unfortunately, we
had no available posterior biopsy to evaluate potential treatment-induced modifications
in the tumoral immune infiltrate and correlate B lymphocyte levels through time and TLS
in the tumor microenvironment, which have been elsewhere associated with response to

ICIl in sarcoma(128).
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4.4.2.5 Conclusions

Despite being a poor prognostic disease, metastatic UPS can be successfully treated
with immunotherapy interfering with the PD1/PD-L1 axis. The correct selection of optimal
candidates for such a therapeutic approach is imperative, considering the high costs and
potential life-threatening toxicities associated to immune-checkpoint blockade(185,186).
In this perspective PD-L1 levels or PD1 mRNA at baseline might be useful to identify
candidates. Also, the role of WBRT to increase the therapeutic response to ICl in UPS
with brain metastasis should be assessed. Considering the prognostic role and the
potential association between response to ICI and B cell immunity, the role of baseline
IGG signature merits further exploration to define its role as predictor of response to anti-
PD1/PD-L1 inhibitors. Similarly, the role of peripheric B lymphocyte levels as a tool to
monitor antitumor response also merits further evaluation in prospective wider

casuistries.

104



Chapter 4.5 SECONDARY OBJECTIVE 3: Correlation of
published prognosis scores and early dynamics with ICI
outcomes.

This objective was explored and published in the Cancer Inmunology, Immunotherapy
in 2025. Data data cut-off was 22" December 2023 at that time. Full article is in Appendix
1.

Original article reference is:

Javier Garcia-Corbacho, Alberto Indacochea, lvan Victoria, Débora Moreno, Laura Angelats,
Azucena E. Gonzélez Navarro, Laura Mezquita, Fara Brasé-Maristany, Patricia Galvan,
Begoina Mellado, Nuria Vifiolas, Tamara Sauri, Miquel Nogué, Barbara Adamo, Joan Maurel,
Estela Pineda, Lydia Gaba, Oscar Reig, Neus Basté, Esther Sanfeliu, Manel Juan, Aleix Prat,
Francesco Schettini. Blood-based prognostic scores and early dynamics under
immunotherapy to select patients with metastatic solid tumors for continuing immune check-
point inhibition: a prospective longitudinal study Cancer Immunology, Immunotherapy, 15t
February 2025. 74:85

DOI: 10.1007/s00262-024-03933-w
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Abstract

Introduction Immune check-point inhibitors (ICI) were a major breakthrough in cancer

care, but optimal patient selection remains elusive in most tumors.

Methods Overall 173 adult patients with metastatic solid tumors candidates to ICI in
clinical trials at our Institution were prospectively recruited. Blood samples were collected
at cycle 1 (C1D1) and 2 (C2D1) and until the occurrence of progressive disease (PD).
C1D1 LIPI, RMH, PMHI, NLR, dNLR, PIPO and GRIm prognostic scores were
calculated. The primary endpoint was identifying the best score to predict rapid PD (< 4
months) with ICI using logistic regressions accounting for tumor type, and receiving
operators characteristics (ROC) with area under curve (AUC), accompanied by an
extensive comparison of the score performances in the prediction of overall survival
(OS), progression-free survival (PFS), overall response rates (ORR) and durable clinical
benefit (DCB). Secondary objectives included describing study cohort outcomes and
studying the association between the selected score at C1D1, C2D1 and its dynamics
with OS and PFS.

Results C1D1 LIPI was the best predictor of rapid PD, OS and PFS, regardless of cancer
type, compared to other scores. No score was associated to ORR and only RMH to DCB.
Baseline LIPI detected three categories of patients with significantly different OS (p <
0.001) and PFS (p = 0.013). The same was observed at C2D1 for OS and PFS (both p
= 0.020). Significant LIPI class shifts were observed in the overall population (p < 0.001),
rapid progressors (p = 0.029) and non-rapid progressors (p = 0.009). Retaining a good
LIPI or experiencing a shift towards a better prognostic class was associated to improved
OS (p = 0.009) and PFS (p = 0.006). C2D1 LIPI, but not C1D1, remained significantly

associated to rapid PD in multivariable analysis.

Conclusions LIPI may improve patient selection for IClI and guide treatment

adjustments according to on-treatment dynamics in a pancancer context.
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4.5.1 Introduction

Immunotherapy with immune check-point inhibitors (ICl) has represented a major
breakthrough for the treatment of solid malignancies in the last decade (5). However, ICI
treatment efficacy is extremely heterogeneous and unpredictable (21,187) and may lead
to harmful and potentially lethal immune-mediated side effects. Therefore, the
identification of proper biomarkers of response is crucial to improve therapeutic
outcomes, avoid unnecessary toxicities and optimize resources. In our initial publication
we analyzed the impact of clinicopathological characteristics in ICl outcomes and
highlighted the potential of LIPI score(113). Following this evidence, we decided to
explore the role of the prognosis scores further so we continued recruiting patients and
evaluating their tumoral responses and updated the progression free survival and overall

survival of our population after a longer follow up period.

In this report, we assessed clinical outcomes in the entire study cohort, compared the
most relevant baseline prognostic scores developed for selecting or stratifying
candidates to IClI and/or phase | trial across different tumor types (38,49,59—
63,117,188,189) to pick the best one in predicting rapid progression to ICI, and further
assess the contribution of the most successful score’s early dynamics to detect rapid

progressors and improve patient selection for continuing immune check-point inhibition.
4.5.2 Materials and methods
Study design and participants

To participate in the study, eligible patients had an advanced solid cancer and a
scheduled initiation of an ICIl-based treatment. Full inclusion/exclusion criteria were
previously reported in chapter 3: Methodology (113). Patients were recruited between
November 2016 and March 2022 and followed-up until 22" December 2023. We
considered evaluable for this analysis all participants treated with an ICI with radiological
data available for an independent assessment of tumor responses according to the

tumor type.
Procedures

A blood sample was collected from each patient at the first day of cycle 1 (C1D1) and 2
(C2D1) prior to receive the treatment and, subsequently, at each radiological evaluation
until progressive disease (PD) was determined (113). For the purpose of the present
analysis only blood samples at C1D1 and C2D1 were interrogated. Blood chemistry tests
were carried out, including the evaluation of albumin, hemoglobin (Hb), lactate

dehydrogenase (LDH) and standard leukocyte populations. The use of antibiotics (ATB)
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and/or corticoids during ICI was assessed. C1D1 samples were used for the election of
the best prognostic predictor among the most commonly used, namely the Lung Immune
Prognostic Index (LIPI), Royal Marsden Hospital (RMH), Princess Margaret Hospital
Index (PMHI), neutrophil-to-lymphocyte ratio (NLR), derived NLR (dNLR), Phase |
Prognostic Online (PIPO) and Gustave Roussy Immune (GRIm) prognostic scores
(38,49,59-63,117,188,189). C2D1 samples were also analyzed to assess the best
score’s dynamics between C1D1 and C2D1. Treatment decisions were made outside of
this study according to trial protocol and investigators criteria. All data were retrieved

from electronic patient charts.
Study endpoints and outcomes

There was no prespecified sample size because of the exploratory nature of this study.
The clinical data cut-off was established when a minimum follow-up including at least

one reassessment of the disease for every included patient was reached.

The primary objective of this analysis was to provide an extensive comparison of the
prognostic scores in terms of prediction of overall survival (OS), progression-free survival
(PFS), overall response rates (ORR) and durable clinical benefit (DBC) with ICI, and
identify the best score predicting rapid PD to ICI. The key secondary objective was a
more refined assessment of the association between the selected best score at C1D1
with OS, PFS, ORR and DBC by accounting for relevant confounding factors. Other
secondary objectives were the assessment of the association between the selected
score at C2D1 with PFS and at C2D1 with OS, the evaluation of the best score’s category
changes from C1D1 to C2D1 as well as the evaluation of the association of the best

score’s dynamics with PFS and OS.

PFS was defined as the time from C1D1 to PD or death from any cause, whichever
occurred first. OS was defined as the time from C1D1 to death from any cause. Rapid
PD was defined as PFS<4 months from ICl initiation. This cut-off was determined by the
study authors as the minimum clinically acceptable benefit achievable with ICls, taking
into account the balance between the potential treatment toxicity, costs, potential need
to detect pseudo-progressions and the prognosis of advanced solid tumors (190). The
evaluation of response was performed in accordance to RECIST 1.1 criteria(131), or
RANO criteria in the case of glioblastomas (GB) (132). Best overall responses (BOR)
were classified as PD, stable disease (SD), complete (CR) or partial response (PR) by
the same expert (Dr. Garcia-Corbacho). ORR included all patients achieving CR or PR
as BOR. DCB was defined as absence of PD at 6 months(113). The score selection

process and main study analyses are resumed in Figure 18.
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Figure 18. Study description.
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Statistical analysis

When appropriate, X2, Kruskal-Wallis and Wilcoxon rank-sum tests, for unpaired
variables, and McNemar and Wilcoxon signed-rank tests, for paired variables, were used
to calculate differences between patients with different prognostic score classes and
rapid vs. non-rapid PD. Bivariate logistic regression analyses were performed to estimate
the odds ratios (OR) with their 95% confidence intervals (Cl) to investigate the
association of the prognostic scores at C1D1 with rapid PD, overall response rates
(ORR) and durable clinical benefit (DCB). Bivariate Cox proportional hazard models
including tumor type and each score at C1D1 were used to estimate hazard ratios (HR)
with their 95% CI to explore associations with PFS and OS. Patients alive were censored
at the date of the last follow-up. Akaike information criterion (AlIC) was used to compare
the goodness of fit among multivariable regression models (191). A difference of more
than 2 points between models was considered significant, and the model with the lowest
AIC was considered to be the best (133). Receiving operator characteristics (ROC)
curves and their area under curve (AUC) were then used for each score to assess the
capability of predicting rapid PD. AUCs were then compared with the DeLong test. After
identifying the score with the best performance on all endpoints and the best capability
of predicting rapid PD, Cox proportional hazard models stratified for selected
confounders were then used to explore the association of the best score at C1D1, C2D1
and score dynamics between C1D1-C2D1 with PFS and OS. Multivariable logistic
regressions accounting for the same confounders were carried out to assess the best
score at C1D1, C2D1 and C1D1-C2D1 dynamics with rapid PD. The proportional hazard
assumption was properly checked (133) for both OS and PFS. Survival curves were
estimated by the Kaplan-Meier method and differences between curves were evaluated
by the log-rank test. Landmark analyses to assess 12-month and 24-month OS and PFS
according to the best score classes were conducted, as well. No imputation was done

for missing data. A two-sided alfa error of 0.05 was considered for statistical significance.

All statistical analyses were carried out using R Studio vers.1.0.153 (PBC, Boston, MA)
and SPSS vers. 24.0 (IBM SPSS Statistics, Armonk, NY: IBM Corp) for MacOSX.

4.5.3 Results
Population characteristics, risk stratification and outcomes
A total of 173 patients were included. Population demographics at baseline are reported

in Table 28.

110



Table 28. Study population characteristics

DEMOGRAPHICS OVERALL
N %
173 100.0
Age
Median 64 -
IQR  56.8-71.5 -
Sex
Male 108 62.4
Female 65 37.6
Overall 173 100.0
ECOG
0-1 153 88.4
>2 20 11.6
Overall 173 100.0
Tumor type
Breast cancer 15 8.7
Colorectal adenocarcinoma 33 19.1
NSCLC 47 27.2
Head and neck 10 5.8
Gynecologic tumors (Cervix, endometrium, ovary) 9 5.2
Pancreas and biliary tract tumors 6 3.5
Esophageal and gastric carcinoma 9 5.2
Melanoma 9 5.2
Prostate adenocarcinoma 8 4.6
Renal cell carcinoma 7 4.0
Urothelial bladder cancer 6 35
Glioblastoma 8 4.6
Other* 6 3.5
Overall 173 100.0
Number of metastatic sites
<3 34 19.7
>3 139 80.3
Overall 173 100.0
Metastatic involvement
Visceral 139 80.3
CNS§ 10 5.8
Overall 173 100.0
RT<30 days from ICI start
Yes 10 5.8
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No 162 94.2

Overall 172 99.4
Systemic ATB<30 days from ICI start
Yes 9 5.2
No 164 94.8
Overall 173 100.0
Systemic ATB during ICI
Yes 53 30.6
No 120 69.4
Overall 173 100.0

Systemic corticosteroids <30 days from ICl start

Yes 23 133
No 150 86.7
Overall 173 100.0
Systemic corticosteroids during ICI
Yes 67 38.7
No 106 61.3
Overall 173 100.0
ICI treatment line
1st 46 26.6
2nd 54 31.2
>3rd 73 42.2
Overall 173 100.0
ICI type
Anti-PD1 131 75.7
Anti-PD-L1 32 18.5
Other 10 5.8
Overall 173 100.0
Regimen type
ICI monotherapy 92 53.2
ICl combination 36 20.8
ICl+other agent 45 26.0
Overall 173 100.0
Previous immunotherapy in every setting
Yes 139 80.3
No 34 19.7
Overall 173 100.0

Legend. PS: performance status; IQR: interquartile range; NSCLC: non-small cell lung cancer;
ATB: antibiotics; RT: radiotherapy; CNS: central nervous system; ICI: immune-checkpoint
inhibitor. *; thymic carcinoma, Merkel cell carcinoma, carcinomas of unknown primary site, soft
tissue sarcomas, adrenal gland adenocarcinoma, hepatocarcinoma; #: 2 patients received ICl in
18t or 2™ line, but the precise information was not reported in our records; §: excluding
glioblastomas.
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The baseline prognostic stratification provided by the selected prognostic scores is

reported in Figure 19. The proportion of patients pertaining to the same prognostic

category according to the different predictors varied significantly (p<0.001).

Figure 19. Prognostic stratification of study population according to different
prognostic scores at baseline.
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. Low risk/good prognosis

Patients with PS not assessable
for missing data

« LIPI: 11 (6.4%)
+ RMH: 29 (16.8%)
* PMH: 24 (13.9%)
+ GRIm: 17 (9.8%)
+ PIPO: 29 (16.8%)
+ NLR:0(0.0%)

« dNLR: 0 (0.0%)

Legend. dNLR: derived NLR; GRIm: Gustave Roussy Immune prognostic score LIPI: Lung
Immune Prognostic Index; NLR: neutrophil-to-lymphocyte ratio; PD: progression of the disease;
PIPO: Phase | Prognostic Online; PMHI: Princess Margaret Hospital Index; RMH: Royal Marsden

Hospital.

At a median follow-up of 38.3 months (95%CI: 36.1-58.6), median PFS (mPFS) was 2.5
months (95%CI: 2.0-3.7) and median OS (mOS) was 13.3 months (95%Cl: 9.9-17.4),
with rapid PD or death <4 months from ICl initiation observed in 60.7% (95%ClI: 53.0%-
68.0%) cases. Objective responses were scarce, with an ORR of 16.8% (95%CI: 11.5%-

23.2%). Main outcomes are detailed in Table 29.
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Table 29. Activity and efficacy of ICI in the overall study population

STUDY POPULATION OUTCOMES

PD timing

<4 months from ICl start

>4 months from ICI start

Best response

Complete response
Partial response
Stable disease

Progressive disease

ORR

DCB

CR+PR+SD>6 months

Median PFS (months)

Median OS (months)

12-month PFS

12-month OS

N
105
68

22
59
85
%
16.8
%
50.9
N
2.5
N
133
N (%)

32 (18.5)

N (%)

88 (50.9)

%
60.7
393
%
4.0
12.7
34.1
49.1
95%Cl
11.5% - 23.2%
95%Cl
43.2% - 58.5%
95%ClI
2.0-37
95%Cl
9.9-17.4
95%Cl
13.5% - 25.3%
95%ClI
45.0% - 60.0%

Legend. Cl: confidence interval; CR: complete response; DCB: durable clinical benefit; ICI:
immune-checkpoint inhibitor; N: number; ORR: overall response rate; PD: disease progression;
PR: partial response; PFS: progression-free survival, SD: stable disease; OS: overall survival.

Identification of the best score predicting PFS, OS, ORR, DCB and rapid PD

We subdivided the study cohort into rapid progressors (RP) (PFS<4 months from ICI

initiation) and non-rapid progressors (NRP) (PFS>4 months from ICI initiation). The

groups differed significantly in several baseline clinicopathological factors, as reported

in Table 30.
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Table 30. Baseline clinicopathological features according to rapid tumor
progression status
RAPID PROGRESSORS PRNO%NR-EQSP(I.?RS
DEMOGRAPHICS N % N % P
105 60.7 68 39.3
Age
Median - -
62.6 67.1 0.030
QR 542-69.0 - 60.5 - 72.6 -
Sex
Male 61 58.1 47 69.1
Female 44 41.9 21 30.9 0.144
Overall 105 100.0 68 100.0
ECOG
0-1 94 89.5 59 86.8
22 11 10.5 9 13.2 0.579
Overall 105 100.0 68 100.0
Tumor type
Breast cancer 12 11.4 3 4.4
Colorectal adenocarcinoma 23 21.9 10 14.7
NSCLC 22 21.0 25 36.8
Head and neck 7 6.7 3 4.4
Gynecologic tumors (Cervix,
endometrium, ovary) 4.8 59
Pancreas and biliary tract tumors 4 38 2 29
Esophageal and gastric carcinoma 6 57 3 4.4 0.031
Melanoma 7 6.7 2 2.9
Prostate adenocarcinoma 0 0.0 ) 118
Renal cell carcinoma 4 38 2 29
Urothelial bladder cancer 5 4.8 2 29
Glioblastoma 6 57 2 29
Other* 4 3.8 2 2.9
Overall 105 100.0 68 100.0
Number of M1 sites
<3 21 20.0 13 19.1
23 84 80.0 55 80.9 0.887
Overall 105 100.0 68 100.0
Metastatic involvement
Visceral 86 81.9 53 77.9
Non-visceral 19 18.1 15 221 0.522
Overall 105 100.0 68
CNS metastases 6 6.1 4 6.1
No CNS metastases 93 93.9 62 93.9 1.000
Overall§ 99 94.3 66 97.1
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RT<30 days from ICI start

Yes 6 5.8 4 5.9
No 98 94.2 64 94.1 0.975
Overall 104 99.0 68 100.0
Syst ATB<30 days from ICI start
Yes 5 4.8 4 5.9
No 100 95.2 64 941 0.746
Overall 105 100.0 68 100.0
Systemic ATB during ICI
Yes 24 22.9 29 42.6
No 81 77.1 39 57.4 0.006
Overall 105 100.0 68 100.0
Syst corticosteroids <30 days
from ICI start
Yes 13 12.4 10 14.7
No 92 87.6 58 85.3 0.660
Overall 105 100.0 68 100.0
Syst corticosteroids during ICI
Yes 28 26.7 39 57.4
No 77 73.3 29 426 <0.001
Overall 105 100.0 68 100.0
ICI treatment line
1st 21 20.0 25 36.8
2nd
33 31.4 20 29.4 0.044*
23rd 51 48.6 23 33.8
Overall 105 100.0 68 100.0
ICI type
Anti-PD1 78 74.3 54 79.4
Anti-PD-L1
18 17.1 14 20.6 0.044
Other 9 8.6 0 0.0
Overall 105 100.0 68 100.0
Regimen type
ICl monotherapy 54 51.4 38 55.9
ICl combination
28 26.7 8 11.8 0.043
ICl+other agent 23 21.9 22 32.4
Overall 105 100.0 68 100.0
Previous ICI
Yes 81 77.1 58 85.3
No 24 22.9 10 14.7 0.188
Overall 105 100.0 68 100.0

Legend. ICI: immune-checkpoint inhibitors; ATB: antibiotics; NSCLC: non-small cell lung cancer;
CNS: central nervous system; IQR: interquartile range. *thymic carcinoma, Merkel cell carcinoma,
COD, STS, adrenal gland adenocarcinoma, hepatocarcinoma; M1: metastatic; Syst: systemic; §:
excluding glioblastomas; #: chi-square for variable dichotomized in 1st and 22 line.
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We explored which was the best prognostic predictor among LIPI, RMH, PMHI, NLR,
dNLR, PIPO and GRIm scores in terms of PFS and OS. First, we removed from this

analysis all patient with at least one of the scores not assessable, in order to avoid a

biased comparison between scores due to their different populations. Following this

selection we reached a total population of 144 patients. We run multiple bivariate Cox

regression models each one including one of the scores as continuous or categorical
variable and tumor types. Only LIPI (p=0.001), dNLR (p=0.024) and RMH (p=0.006)

continuous scores, and LIPI (p=0.002) and RMH (p=0.001) categorical scores were

significantly associated to PFS, regardless of tumor type (Table 31).

Table 31. Statistically significant bivariate Cox regressions for the association of
prognostic scores with PFS and OS

Prognostic lf"f'é Inf Sup p Prognostic g‘gj Inf Sup p
scores HR* 95%Cl 95%CI scores HR* 95%Cl 95%CI
LIPI continuous LIPI continuous
score score
1.67 1.25 2.23 0.001 2.06 1.51 2.82 <0.001
R.MH RMH continuous
continuous
score
score
1.49 1.12 1.98 0.006 1.54 1.13 2.09 0.005
dNLR GRIm continuous
continuous
score
score
1.16 1.02 1.33 0.024 1.50 1.07 2.10 0.006
NLR continuous
score
- - - - - 1.08 1.01 1.16  0.025
dNLR continuous
score
- - - - - 1.32 1.14 1.51 <0.001
PIPO continuous
score
- - - - - 1.24 1.02 1.51 0.030
LIPI 0.002 |LIPI <0.001
Intermediate 4 59 197 937 021 | Memediatevs. o, 450 284  0.006
vs. good good
Poor vs. good  2.87 1.52 542 0.001 Poorvs. good 4.69 242 9.09 <0.001
_Poorvs. ey 097 335 0064 _Poorvs. 554 135 479  0.004
intermediate intermediate
RMH RMH
Poor vs. good 1.92 1.31 282 0.001 Poorvs.good 2.10 1.41 3.15 <0.001
PMHI
- - - - - Poor vs. good 2.61 1.02 6.68 0.046
NLR
- - - - - High vs. low 1.65 1.07 254 0.023
dNLR
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- - - - - High vs. low 2.31 1.44 3.69
PIPO
) ) ) ) ) Intermediate vs. 0.86 055 134
low
High vs. low 2.46 1.07 5.67
) ] ] ) ] _Highvs. 507 130 634
intermediate

<0.001
0.033

0.502
0.034
0.009

Legend and footnotes. Cl: confidence interval; dNLR: derived NLR; GRIm: Gustave Roussy
Immune prognostic score; HR: hazard ratio; Inf: inferior; LIPI: Lung Immune Prognostic Index;
NLR: neutrophil-to-lymphocyte ratio; OS: overall survival; PIPO: Phase | Prognostic Online;
PMHI: Princess Margaret Hospital Index; PFS: progression-free survival; RMH: Royal Marsden
Hospital; Sup: superior. *adjusted for cancer type.

The best AIC was observed for the model including continuous LIPI score (AIC:
1085.70). Similar AIC was observed for the models including categorical LIPI (AIC:
962.59) and RMH (AIC: 968.62). LIPI (p<0.001), NLR (p=0.025), dNLR (p<0.001), RMH
(p=0.005), GRIm (p=0.006) and PIPO (p=0.030) continuous scores were significantly
associated to OS independently of tumor type. Similarly, LIPI (p<0.001), NLR (p=0.023),
dNLR (p<0.001), RMH (p<0.001), PMHI (p=0.046) and PIPO (p=0.033) categorical
scores were significantly associated to OS (Table 31). The bivariate model including LIPI
showed the best AIC both for the continuous (AIC: 961.12) and categorical (AIC: 962.59)
score. No score was significantly associated to ORR (not shown) and only RMH was
marginally associated to DCB (adjusted OR [aOR] for high score vs. low: 0.47, 95%CI:
0.22-1.00, p=0.049)

We then assessed the association of all categorical scores with rapid PD in bivariate
logistic regression models including tumor types. A significant and independent
association was observed with LIPI categorical score (p=0.003); specifically, the poor vs.
good (aOR: 6.00, 95%Cl: 1.47-24.53, p=0.013) and the intermediate vs. the good
categories (aOR: 3.36, 95%CI: 1.48-7.62, p=0.004), without significant differences
between the poor and intermediate score categories (p=0.422). RMH categorical score
was also associated to rapid PD (aOR: 2.88, 95%CI: 1.29- 6.46, p=0.010), but the best
AIC was observed for the LIPI score-containing model (AIC: 192.69 and 189.31,
respectively). All other scores were not significantly associated to rapid PD. All

statistically significant models’ AIC for each endpoint are reported in Table 32.

118



Table 32. AICs of the bivariate Cox and logistic regression models

order)

AICs of the statistically significant bivariate Cox regression models for PFS (increasing

LIPI continuous score model AIC: 1085.70.
RMH continuous score model AIC: 1089.90.
AIC:

dNLR continuous score model

1093.07.

RMH categorical score model AIC: 1086.56.
LIPI categorical score model AIC: 1087.59.

order)

AICs of the statistically significant bivariate Cox regression models for OS (increasing

LIPI continuous score model AIC: 961.12.
dNLR continuous score model AIC: 968.83.
RMH continuous score model AIC: 973.86.
GRIm continuous score model AIC: 976.05.
PIPO continuous score model AIC: 976.72.
NLR continuous score model AIC: 977.10.

LIPI categorical score model AIC: 962.59.
RMH categorical score model AIC: 968.62.
dNLR categorical score model AIC: 970.40.
NLR categorical score model AIC: 976.78.
PMH categorical score model AIC: 976.69.
PIPO categorical score model AIC: 977.89.

AICs of the statistically significant bivariate logistic regression models for ORR (increasing

order)

None None

AlCs of the statistically significant bivariate logistic regression models for DCB (increasing

order)

None RMH categorical score model AIC: 204.78.

AlICs of the statistically significant bivariate logistic regression models for rapid PD

(increasing order)

None LIPI categorical score model AIC: 189.31.

RMH categorical score model AIC: 192.69.

Legend. AIC: Akaike information criterion; PFS: progression-free survival; OS: overall survival;
LIPI: Lung Immune Prognostic Index; RMH: Royal Marsden Hospital. NLR: neutrophil-to-
lymphocyte; dNLR: derived NLR; GRIm: Gustave Roussy Immune prognostic score; ratio; PIPO:
Phase | Prognostic Online; PMHI: Princess Margaret Hospital Index.

The majority of the scores were unable to predict rapid PD at the ROC curve analysis,
with an AUC ranging 0.51-0.60. LIPI score was the only one significantly able to predict
rapid PD, with satisfactory efficacy (AUC: 0.65, 95%CI: 0.56-0.74, DeLong p<0.001)
(Figure 20A). The sensitivity and specificity were 68.6% and 60.3%, respectively, for a
score class intermediate or poor to be able to detect RP, meaning that out of 100 true
RP, 69 could be correctly identified and out of 100 NRP, 60 were correctly detected.
Notably, the performance of LIPI score improved when early deaths were the only events
considered (AUC: 0.69, 95%ClI: 0.56-0.82) (Figure 20B).
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Figure 20. ROC curves of LIPI score as a predictor of rapid PD or rapid death.
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Legend. A ROC curve of the LIPI score as a predictor of rapid PD; B ROC curve of the LIPI score
as a predictor of rapid death, excluding disease progression without survival events. ROC:
receiving operator characteristics.

Finally, we built a multivariable model to predict rapid PD including LIPI and RMH
categorical scores and tumor types. Only LIPI score retained a significant association
with rapid PD (poor/intermediate vs. good score category aOR: 3.10, 95%ClI: 1.12-8.60
p=0.029).

Considering the globally superior performance of LIPlI score in the previous
assessments, it was ultimately selected for further analyses of its dynamics and more
refined study of the associations with survival outcomes. To note, LIPI score at C1D1
was available for 162 (93.6%) patients. Baseline clinicopathological features according

to LIPI score class are reported in Table 33.

Table 33. Demographics according to baseline LIPI score

GOOD INTERMEDIATE POOR
DEMOGRAPHICS N % N % N % P
73 45.0 68 42.0 21 13.0
Age
Median 63.4 - 62.5 - 69.0 -
0.0076
IQR 59.7-72.8 - 52.8 - 68.8 - 64.2-73.3 -
Sex
Male 46 63.0 42 61.8 10 47.6
Female 27 37.0 26 38.2 11 52.4 0.4282
Overall 73 100.0 68 100.0 21 100.0
ECOG
0-1 65 89.0 62 91.2 18 85.7
22 8 11.0 6 8.8 3 14.3 0.7633
Overall 73 100.0 68 100.0 21 100.0
Tumor type
Breast cancer 6 8.2 7 10.3 2 9.5 0.7832
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Colorectal
adenocarcinoma

NSLCL

Head and neck

Gynecologic tumors
(Cervix,
endometrium,
ovary)

Pancreas and
biliary tract tumors

Esophageal and
gastric carcinoma

Melanoma

Prostate
adenocarcinoma
Renal cell
carcinoma
Urothelial bladder
cancer

Glioblastoma
Other*

Overall

Number of
metastatic sites

<3
23

Overall

Metastatic
involvement

Visceral
CNS§

Overall

RT<30 days from
ICI start

Yes
No

Overall

Systemic ATB<30
days from ICI start

Yes
No
Overall
Systemic ATB
during ICI
Yes
No
Overall
Systemic

corticosteroids
<30 days from ICI
start

Yes

10

73

20

53

73

52

73

69
73

68
73

26
47
73

11

13.7

26.0
55

4.1

4.1

5.5

55
55
2.7
6.8
8.2
4.1
100.0

27.4
72.6
100.0

71.2
5.5
100.0

5.5
94.5
100.0

6.8
93.2
100.0

35.6
64.4
100.0

151

17

68

13
55
68

59

68

65
68

65
68

17
51
68

25.0

20.6
44

7.4

4.4

2.9

5.9
2.9
5.9
2.9
2.9
4.4
100.0

191
80.9
100.0

86.8
5.9
100.0

4.4
95.6
100.0

44
95.6
100.0

25.0

75.0
100.0

10.3

21

21

21

17

21

20
21

21
21

14
21

23.8

28.6
4.8

4.8

0.0

14.3

4.8
9.5
0.0
0.0
0.0
0.0
100.0

0.0
100.0
100.0

81.0
4.8
100.0

4.8
95.2
100.0

0.0
100.0
100.0

33.3
66.7
100.0

19.0

0.0217

0.0752#

0.9742

0.9574

0.4276

0.3813

0.5225
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No 62 84.9 61 89.7 17 81.0

Overall 73 100.0 68 100.0 21 100.0
Systemic
corticosteroids
during ICI
Yes 28 38.4 28 41.2 8 38.1
No 45 61.6 40 58.8 13 61.9 0.9337
Overall 73 100.0 68 100.0 21 100.0

ICI treatment line

1st 20 27.4 15 221 4 19.0
2nd 27 37.0 22 324 3 14.3
0.7167
23rd 26 35.6 31 45.6 14 66.7
Overall 73 100.0 68 100.0 21 100.0
ICI type
Anti-PD1 58 79.5 50 73.5 13 61.9
Anti-PD-L1 15 20.5 12 17.6 4 19.0
0.0192
Other 0 0.0 6 8.8 4 19.0
Overall 73 100.0 68 100.0 21 100.0
Regimen type
ICl monotherapy 39 53.4 33 48.5 11 52.4
ICl combination 9 12.3 21 30.9 4 19.0
0.0802
ICl+other agent 25 34.2 14 20.6 6 28.6
Overall 73 100.0 68 100.0 21 100.0
Previous
immunotherapy in
every setting
Yes 60 82.2 53 77.9 15 71.4
No 13 17.8 15 221 6 28.6 0.5432
Overall 73 100.0 68 100.0 21 100.0
PD timing
<4 months from ICI 35 47.9 49 72.1 15 71.4
start
>4 months from ICI 38 52.1 19 27.9 6 28.6 0.0079
start
Overall 73 100.0 68 100.0 21 100.0
Best response
CR 3 4.1 2 2.9 0 0.0
PR 11 15.1 7 10.3 2 9.5
SD 28 38.4 23 33.8 7 33.3 0.7418
PD 31 425 38 55.9 12 57.1
Overall 73 100.0 68 100.0 21 100.0

Legend. PS: performance status; IQR: interquartile range; NSCLC: non-small cell lung cancer;
ATB: antibiotics; RT: radiotherapy; CNS: central nervous system; ICI: immune-checkpoint
inhibitor. *; thymic carcinoma, Merkel cell carcinoma, carcinomas of unknown primary site, soft
tissue sarcomas, adrenal gland adenocarcinoma, hepatocarcinoma; #: 2 patients received ICl in
1st or 2™ line, but the precise information was not reported in our records; §: excluding
glioblastomas.
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Association between LIPI at C1D1 and OS/PFS

C1D1 LIPI score detected three categories of patients with significantly different OS
(p<0.001), where patients with a poor (stratified HR [HRs]: 2.74, 95%CI: 1.56-4.80) and
intermediate score (HRs:: 1.63, 95%CI: 1.09-2.44) showed significantly worse OS than
patients with a good score (Figure 21A) (stratified model's AIC: 719.41). Similarly, LIPI
score was also prognostic in terms of PFS (p=0.013). At C1D1, the poor/intermediate
scores (HRst: 1.55, 95%Cl: 1.10-2.18) score were associated with worse PFS than the
good score (Figure 21B) (stratified model's AIC: 807.88). Landmark analyses of 12-
month and 24-month OS and PFS provided consistent results (Table 34).

Table 34. Landmark analysis of PFS and OS according to LIPI score classes at

different timepoints

TIMEPOINT AND LIPI CLASS PFS RATES OS RATES

. 12- . Superi 12- . .
LIPI class N ::)Tni ’:i'sit m;Fnsth Ignsfz'lg:' or 3;5% . at risk mgr;th g‘sf;:'g{ Sguse/t:rlc?r
Good 73 C1D1 17 23.3 15.4 35.3 46 65.0 54.8 771
Intermediate 68 C1D1 9 13.2 7.2 24.3 31 47.1 36.5 60.8
Poor 21 C1D1 2 9.5 2.6 35.6 5 23.8 11.1 51.2

. 24- . Superi 24- . .
LIPI class N ::)Tni r:i's?(t m;Fnsth g‘sfoeA:"g: or g;j% . at risk mggth gg;:'g{ Sgusezrlcc:r
Good 73 C1D1 13 17.8 10.9 29.2 24 35.3 25.7 48.4
Intermediate 68 C1D1 4 5.9 23 15.2 17 27.4 18.5 40.6
Poor 21 C1D1 1 4.8 0.7 32.2 2 9.5 2.6 35.6
TIMEPOINT AND LIPI CLASS PFS RATES OS RATES

. 12- . Superi 12- . .
LIPI class N ::::ﬁ Ti.s?(t mPanSth Ignsfoe/orlglr or gls% . at risk mgr;th g‘;;:'gf Sgusezr(l:cir
Good 54 Cc2D1 17 31.5 21.2 46.7 38 73.2 62.1 86.3
Intermediate 48 c2D1 6 13.0 6.2 27.5 22 48.2 35.7 65.0
Poor 12 Cc2D1 0 (2)40 0.0 s0.0 i 6 52(20 28.4 88.0

. - . uperi - . .
LIPI class N :g::ﬁ: Ti.s?(t m;Fnsth I9r15f;:'|8:' or (9:|5% . at risk mgr;th g‘;;:'g: Sguse/t:r(l:c:r
Good 54 Cc2D1 12 22.2 13.5 36.6 22 44 .4 327 60.1
Intermediate 48 Cc2D1 4 8.7 3.4 22.2 13 30.7 19.8 47.4
Poor 12 c2D1 0 0.0 0.0 0.0 2 16.7 4.7 59.1

Legend. Cl: confidence interval; N. at risk: number of patients alive still at risk of progressing or
dying at each given timepoint and according to LIPI score class; PFS: progression-free survival;
OS: overall survival; C1D1: day 1 of cycle 1; C2D1: day 1 of cycle 2.
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Figure 21. Kaplan—Meier curves of OS and PFS according to LIPI score at C1D1
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Legend. A Kaplan—Meier curve of OS (A) and PFS (B) according to LIPI score at C1D1. CI
confidence interval; C: cycle; D: day; Int: LIPI score intermediate class; m: median; OS: overall
survival; PFS: progression-free survival. Good, Intermediate and Poor are referred to LIPI score
classes

Association between LIPI at C2D1 and OS/PFS

LIPI at C2D1 was assessable for 114 (65.9%) patients. When considering LIPI score at
C2D1 and stratifying also for LIPI at C1D1, a global significant difference in OS between
the three score classes was observed (p=0.020) (stratified model’'s AIC: 60.57). The
intermediate (HRst: 8.34, 95%CI: 1.03-67.42) and poor (HRs: 40.75, 95%CI: 1.59-
1045.04) scores performed worse than the good (Figure 22A). In terms of PFS, the
intermediate (HRst: 1.64, 95%CI: 1.01-2.67) and poor (HRst: 2.61, 95%CI: 1.24-5.51)
score classes showed a significantly worse outcome than the good score class
(p=0.020), stratifying also for baseline LIPI (Figure 22B) (stratified model’s AIC: 453.49).
Landmark analyses of 12-month and 24-month OS and PFS provided consistent results
(table 34).

Figure 22. Kaplan—Meier curves of OS and PFS according to LIPI score at C2D1
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Legend. A Kaplan—Meier curve of OS (A) and PFS (B) according to LIPI score at C2D1. CI
confidence interval; C: cycle; D: day; Int: LIPI score intermediate class; m: median; OS: overall
survival; PFS: progression-free survival. Good, Intermediate and Poor are referred to LIPI score
classes.
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LIPI score dynamics and association with rapid PD, OS and PFS

Paired LIPI scores at C1D1 and C2D1 were assessable for 113 (65.3%) patients. We
explored potential LIPI score changes from C1D1 to C2D1. A significant number of
patients changed their LIPI class from C1D1 to C2D1. It happened in the overall
population (p<0.001), RP (p=0.029) and NRP (p=0.009). Despite those changes, the
proportion of good, intermediate and poor classes between the two timepoints remained
similar (Figure 23). When separating the study population into RP vs. NRP, by taking
into account all patients (not only those with paired C1D1-C2D1 samples), we observed
that NRP had 38 (60.3%) good, 19 (30.2%) intermediate and 6 (9.5%) poor LIPI score
class cases, as compared to 35 (35.4%) good, 49 (49.5%) intermediate and 15 (15.1%)
poor score cases in RP at C1D1 (p=0.008). Conversely, no significant difference was
observed at C2D1 (p=0.305). Similarly, when restricting the comparison only to NRP and
RP patients with paired LIPI score at C1D1 and C2D1, a significantly higher proportion
of LIPI good cases for NRP vs. RP was still observed, with more intermediate/poor cases
in the RP group (p=0.026) and a similar proportion of LIPI score classes at C2D1
(p=0.258) (Figure 23). Similarly to what previously done for LIPI at C1D1, we built a
bivariate logistic regression model adjusting for tumor type, so to test the association of
LIPI at C2D1 with rapid PD. A significant association was observed, as well (p=0.049),
especially for the poor vs. good score (aOR: 9.91, 95%CI: 1.58-62.04) and the poor vs.
intermediate (aOR: 6.83, 95%CI: 1.06-43.87). Other comparisons did not reach
statistical significance. A shift towards poorer score classes or stability of the
intermediate and poor classes was not formally associated to rapid PD (OR: 2.28,
p=0.096).
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Figure 23. LIPI score early dynamics.
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Legend. A LIPI score distribution at C1D1 and C2D1 and dynamics. Cl: confidence interval; Int:
LIPI score intermediate class; m: median; NRP: non-rapid progressors; OS: overall survival; PD:
progression of the disease; PFS: progression-free survival, Pp: p-values for the cohort with
available C1D1 and C2D1 paired samples; Punp:p values for the total cohort with LIPI scores
available at C1D1 and/or C2D1; RP: rapid progressors; #: p values from yztests comparing LIPI
Good vs. LIPI intermediate/poor between RP and NRP; Aop values from y2 tests comparing LIPI
good vs. intermediate vs. poor between RP and NRP; *p values from McNemar tests to assess
LIPI dynamics in paired samples. Good, Intermediate and Poor are referred to LIPI score classes

When assessing the association of rapid PD with either LIPI at C1D1 or LIPI at C2D1 in
a multivariable model accounting for all clinicopathological features differently distributed
between RP and NRP (Table 30), as well as ECOG performance status (PS), LIPI at
C1D1 was no longer associated (p=0.593) whereas LIP| at C2D1 was. More specifically,
the poor score vs. the good (ORagi: 6.95, 95%ClI: 1.19-40.51, p=0.031) or intermediate
(ORagi: 9.63, 95%CI: 1.47-63.22, p=0.018) scores retained a strong significant
association with rapid PD, independently of baseline LIPI, age, tumor type, treatment
line at which the ICI was delivered, ICI regimen type, the ICI target and the use of
systemic ATB or corticosteroids during ICI treatment and ECOG. In addition, the
multivariable model including both LIPI at C1D1 and C2D1 presented an AIC of 135.16,
similar to the AIC of 133.07 exhibited by the model including only LIPI at C2D1, while the
model including only LIPI at C1D1 showed an AIC of 191.65, supporting the value of
assessing early LIPI dynamics to predict rapid PD.
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In terms of prognosis, retaining a good prognostic score class between the C1D1 and

C2D1 or experiencing a downstaging from poor to intermediate or good, or from

intermediate to good was associated to significantly better OS (HRst: 1.90, 95%CI: 1.17-

3.09, p=0.009) than remaining in the same intermediate or poor class or experiencing an
upstaging (Figure 24A and Figure 25) (stratified model’'s AIC: 394.08). Consistently, in

terms of PFS, those retaining a good prognostic score class between C1D1 and C2D1

or experiencing a downstaging experienced significantly better outcomes than all other
cases (HRst: 1.86, 95%Cl: 1.18-2.92, p=0.006) (Figure 24B and Figure 25) (stratified

model's AIC: 452.14). We checked also if numerical score variations between the first

two ICI treatment cycles, without considering the score class, could impact on prognosis.

Figure 24. LIPI score early dynamics association with survival outcomes.

1.00

o o
o P
3 @

0OS probability

o
a
&

0.00

— Stable Good or downstaging
Stable Int/Poor or upstaging

Stable Int/Poor/upstaging mOS: 9.1 (35%CI: 5.1-18.3) months
Stable Good/downstaging mOS: 19.4 (35%Cl: 14.4-42.8) months

PFS probability
g

o
o
i

0.00-

Stable Int/Poor/upstaging mPFS: 1.8 (35%Cl: 1.2-3.4) months
Stable Good/downstaging mPFS: 3.0 (95%C1: 1.9-4.6) months

— Stable Good or downstaging
Stable Int/Poor or upstaging

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Time (months)

Number at risk

- B9 60 53 44 39 32 25 20 16 12 9 5 5 3 3

A

Legend. OS and PFS curves of LIPI dynamics between C1D1 and C2D1.

44 31 22 20 18 12 9 5 5 3 A i1 1

Number at risk

- 69 33 22 19 16 15 14 12 9

44 14 6

12 16 20 24 28 32 36 40 44 48 52 56 60

3

2

2

Time (months)

1

1

1

Int: LIPI score

intermediate class; m: median; OS: overall survival; PD: progression of the disease; PFS:

progression-free survival. Good, Intermediate and Poor are referred to LIPI score classes.

Figure 25. Kaplan-Meier curves of OS and PFS according to LIPI score dynamics
between C1D1 and C2D1
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4.5.4 Discussion

In this prospective cohort of patients with advanced solid tumors treated with ICI in a
clinical trial at our Institution, almost 61% of patients progressed or died within 4 months
from ICl initiation, with roughly 17% achieving an objective response and 18% completed
at least one year on ICl treatment. These findings are in line with current evidence about
immunotherapy outcomes (192,193). Several prognostic scores have been developed to
improve ICl and/or phase | clinical trial candidates selection (38,49,59-63,117,188,189).
Nevertheless, these scores’ capability of detecting rapid PD under ICI has not been
tested and they have never been directly compared to predict objective responses and
prognosis. Here, we performed a direct comparison of the most common scores in terms
of PFS, OS, ORR, DCB and assessed the best predictor of a meaningful clinical benefit
with ICl, considered to be a progression-free interval of more than 4 months. LIPI proved
to be the best prognostic score, with the best performance in the identification of rapid
progressions, with a solid association with OS and PFS beyond tumor type and relevant
clinical features. In addition, LIPI score early dynamics between C1D1 and C2D1 were
investigated and seemed to help improving prognostic prediction in terms of both PFS
and OS beyond baseline score. Interestingly, the dNLR at baseline combined with its
determination at C2D1 improved prediction of ICl outcomes in the context of advanced
NSCLC, further suggesting that the early assessment of inflammatory biomarker

dynamics can be a valuable prognostic tool beyond baseline determination(50).

At present, only PD-L1 positivity, high microsatellite instability (MSI-H)/mismatch repair
deficiency (dAMMR) and high tumor mutational burden (TMB-H) are clinically-approved
biomarkers for ICI patient selection (27,65,66,150). However, all of these biomarkers
present several limitations, including low frequency(67), heterogeneity among cancer
types(150,154,194,195) and costs. Other immunohistochemical or transcriptomic-based
biomarkers are currently under investigation by our group and others (e.g. PD1 mRNA
levels, IGG signature, tumor-infiltrating lymphocytes, tertiary lymphoid structures,
LORIS)(86,87,89,113,129,151,196—198). Nonetheless, they are still far from reaching
the clinical practice scenario. In this context, LIP| score emerges as a cheap and easy-
to-detect blood-based biomarker which effectively stratified patients in three prognostic
groups, independently of main clinicopathological factors. This score, assessed by
detecting blood levels of LDH and dNLR (absolute neutrophil count/[white blood cell
concentration — absolute neutrophil count]) (59), accounts for peripheral pro-
inflammatory status (119,199,200), a known poor prognostic factor in patients with
cancer(201,202). Higher categories of LIPI score are the reflection of higher LDH and

dNLR blood levels, suggesting more peripheral chronic inflammation. Our experience is
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coherent with the results of a large meta-analysis involving almost 10,000 patients in 35
studies, where LIPI score robustly stratified patients receiving ICl into three groups with

different survival outcomes (42).

Focusing on rapid progressions, we considered 4 months as an acceptable cut-off to
detect a minimum clinically meaningful benefit by ICI treatment, taking into account the
need for radiologic re-assessments for pseudo-progressions, toxicity, costs and life
expectancy of these pretreated population (40% received the ICI in 23" line and several
prognostically unfavorable cancers included). LIPI score, with a sensitivity of 68.6%, was
reasonably good at detecting RP, differently from all other tested scores, also
independently of cancer type and relevant clinical factors differentially distributed
between RP and NRP, as well as ECOG PS. To note, when accounting for the same
clinical factors along with baseline LIPI, LIPI at C2D1 showed a strong and independent
prediction of rapid PD beyond the baseline score, especially for what concerns the poor
score category. In fact, a poor LIPI at C2D1 was associated to an 595% and a 863%
increase in the odds of achieving rapid PD in comparison to a good or intermediate score.
Furthermore, when stratifying for relevant clinical factors and LIPI score at C1D1, the
Cox model including C2D1 showed a higher goodness of fit than the stratified Cox model
including only baseline LIPI, suggesting a more refined prognostic accuracy, as also

supported by landmark analysis of 12- and 24-month PFS/OS.

From a biological perspective, a downstaging in LIPI score category might be related to
either a reduction in LDH and/or dNLR, which is associated to a lowering of neutrophils
and/or an increase in lymphocytes levels. On one hand, LDH has been classically linked
to tumor burden and cancer metabolism, but important immunosuppressive effects were
also described in more recent years(203,204). Thus, its reduction might both directly
reflect tumor response to treatment, as well as a reduction in immunosuppression,
favoring response to ICI. On the other hand dNLR reduction due to lymphocytes increase
suggests an effective ICl-promoted activation of adaptive immune response against the
tumor (205). This combination of factors could thus explain not only the baseline
prognostic role of the score, but also the association of its dynamics and levels at C2D1
with better long-term outcomes and less rapid progressions. Importantly, we assessed
the prognostic impact of score dynamics by considering the numerical variations instead
of LIPI score class change, we did not detect any meaningful impact on prognosis. This
leads to the conclusion that it is more about “quality over quantity”, meaning that the
numerical change is not impactful in itself. Rather, it is the change in the score class that

matters.
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Our study is not exempt from limitations. First, missing hematologic parameters,
especially LDH at C2D1, reduced the number of patients that could be tested for paired
analyses, as well as the number of overall patients included in the multivariable and
stratified regression models accounting for both LIPI at C1D1 and C2D1. We had no
possibility of thoroughly assessing molecular features of included tumors and PD-L1
status was mostly unknown. However, most patients were treated in a 22"-line setting
and in tumors in which PD-L1 status was not mandatory for prescribing the therapy in
Europe. Also, the kind of ICIl was decided in sponsored trials. Additionally, being a single-
center study, our findings require validation in an external cohort. Finally, some patients
from the poor LIPI group achieved clinical benefit, possibly because automated
neutrophil counts do not discriminate between the different subpopulations of neutrophils
that could have protumor or antitumor functions (59,206,207). Besides these limitations,
our study confirms the effective prognostic role of baseline LIPI in ICl-treated patients in
a pancancer context. LIPI might be especially useful to detect patients more or less likely
to derive a clinically meaningful benefit from ICI, potentially serving either as a critical
stratification factor or as an inclusion/exclusion criteria in ICl trials and with very limited
costs; though further improvements in this research area are advisable. Moreover, early
dynamics between C1D1 and C2D1 were able to identify patients with more favorable
outcomes beyond baseline score. As far as we are concerned, this is the first study
assessing LIPI score early dynamics and its association with survival. Only another study
assessed LIPI dynamics, but evaluated the association with side effects and was
exclusively conducted in a cohort of patients with NSCLC (208). These results merit
further validation, as LIPI dynamics might become a useful inexpensive on-treatment
tool to identify patients either benefiting from continuing immune-checkpoint inhibition or
candidates to escalated or alternative therapeutic strategies in the context of adequately

designed clinical trials.
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Chapter 5. Discussion

A few years ago immune check-point inhibitors appeared in our clinics and revolutionized
the therapeutic protocols of most solid tumors. These novel drugs interact with our
immune system to release its potential and enhance tumor cells recognition. During the
oncogenesis, neoantigens are released and captured by dendritic cells that act as APCs
that will display fragments of those antigens to T cells. Depending on the balance of
costimulatory (CD28, ICOS, ...) and inhibitory signals (PD1, CTLA4, ...) antigen
recognition may result in the activation of effector T cells against cancer specific
antigens, cell destruction and new antigen release or tolerance(3). Nevertheless, this
immune cycle may fail in oncology patients. Tumor antigens may not be detected o
considered self-antigens instead of foreign, T cells may not infiltrate tumors, o tumor
microenvironment factors may inhibit T cells (16). In fact, a wide percentage of patients
who receive ICls do not benefit from them, but are exposed to their potential side effects
and create an economic burden to the national health care system. Therefore, it is critical

to find a way to improve patient selection, that was precisely the main focus of this thesis.

Between May 2017 and March 2022, 173 evaluable patients entered the study and 164
of them received an anti-PD1/anti-PD-L1-based treatment(124). Our population had a
mean age of 63,2, a majority of patients were male (62,4%), had ECOG 0-1 (89%), had
not received corticosteroids, radiotherapy o antibiotics within 30 days of starting the IClI
and had received previously another ICI (80,3%). A wide range of solid tumors were
included being lung, colorectal, breast and head and neck cancers the most frequent
diagnosis. Most of the patients were participating in a clinical trial, which explains the
fact of the prevalent good performance status and the representation of diagnosis in
which ICls are not approved yet.

As primary objective of this thesis we decided to explore the role of peripheral
lymphocytes subpopulations as ICI biomarker. Previous evidence links the presence of
lymphocytes T in tumor microenvironment (TILs) with ICl outcomes (88,89) as well as
preliminary studies correlate peripheral lymphocytes o their early dynamics with ICI
outcomes. Nevertheless, these studies included a small number of patients without

validation cohorts so the question remains open (100-102,108,111,112).

Oncology treatments are usually prescribed as lines of therapy, that keep going until the
disease shows a progression and we switch to another therapy. This is the critical
moment in which we decide the treatment strategy for the following months so ideally
our biomarker should help us to decide if ICls are an appropriate strategy before starting

it. In our analysis of baseline samples, CD3+CD4+PD1+ was the most relevant
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subpopulation. Higher values of CD3+CD4+PD1+ were associated with lower rates of
responses (ORR, DCB) and shorter times until progression (PFS) discouraging ICI
prescription. Similar conclusions were seen when analyzing CD3+CD4+PD1+ levels
prior to the second infusion. These results are in line with previous publications. For
example, CD3 CD4 PD1+ lymphocytes subpopulation has been correlated with worse
outcome in treatment naive patients candidate to chemotherapy o tyrosine kinase
inhibitors (125) and Zheng et all demonstrated a significant association between CD3
CD4 PD1 high lymphocytes levels and lower rates of OS and PFS (100). These studies
recruited a limited number of patients and did not include a validation cohort so their
evidence has some limitations (100). Our study included a higher number of patients
supporting its role as potential biomarker but these results must be validated before
applying it in our clinics. Therefore, further analysis will be done in a future new cohort

of patients to validate our results.

CD3 CD8 (T effector) lymphocytes are critical in the mechanism of action of antiPD(L)1
therapies but baseline o early dynamics of CD3+CD8+ didn’t predict ICl outcomes.
Similarly, to other previous projects, we observed a significative proliferation of CD3 CD8
PD1+ (MFI) but we were not able to demonstrate any relationship of this subpopulation
with ICI benefit. Hwan Kim et all demonstrated an increase of CD8 PD1+ within the first
week after ICl initiation that was followed by a decreased in the subsequent two weeks
(102). In our study, most of C2D1 samples were collected three or four weeks after C1D1
so it is possible that our conclusions differ due to the different schedule of sample
collection. Although our study does not support CD8 PD1+ as biomarker, based on the
mechanism of action rational and the previous results of other authors, it may be worth

exploring it further if collecting samples on C1D1 and approximately seven days later.

Apart from the potential responses o the duration of the therapy, the potential survival of
the patient is another factor to take into account when selecting the new treatment. In
terms of OS several subpopulations showed statistical relationship, being CD3+CD4+HD
subpopulation the most significative, being associated with shorter OS when measured
at C1D1 and C2D1 timepoints. Zuazo-Ibarra, Arasanz et all explored CD3+CD4+HD in
a non-small cell lung cancer cohort and identified that patients with higher baseline levels
of CD3 CD4 HD o with a sharp increase in the first days after ICI initiation were
associated with shorter PFS and hyperprogression (108,110). Unlike these studies, in
our analysis it did not show relationship with shorter PFS o hyperprogression, not
supporting its potential role as biomarker. Nevertheless, it seems to be related with worse

outcomes including worse survival which highlights its potential as prognosis biomarker.
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CD3 CD4 HD levels also demonstrated an association with shorter OS when measured
PD timepoints. Obviously, at that time the patient already had received an ICl and could
not take any decision regarding this indication but that is the moment in which we must
switch his therapy to a new one. Its potential role as prognosis biomarker could help us
to take decisions about prescribing another line of therapy, which could include another

ICI, or offering best supportive care to our patient.

Low evidence exists regarding the predictor role of peripheral lymphocytes B (CD19+)
and ICI benefit but we included them because they can induce antigen specific CD8 and
CD4 activation (15). Preliminary results correlated baseline memory B cells with
favorable outcomes in solid tumors as lung cancer (126), renal cancer (127) and
sarcomas(128). In fact, in our published case report we observed an increase of
lymphocytes B during treatment in a UPS sarcoma patient who developed great benefit
to ICI (129). These observations differ from another study performed by Barth et all, who
collected samples from 39 patients treated with ICI at baseline and at the time of first
tumoral response evaluation (8-12 weeks later). No relationship was found between any
of the seven lymphocyte B subpopulations and ORR o DCB at baseline (130). In our
study lymphocytes B (CD19+) were associated with worse outcomes (shorter ORR/PFS
at C1D1, shorter ORR, DCB, PFS and OS at C2D1). Therefore, further analysis is

recommended to clarify its real predicting value.

Baseline clinical/lhematological characteristics and previous medical history may
influence the chances of benefit of our candidates (28-37) but the ideal patient profile is
unknown. As secondary objective we assessed the correlation among many
clinicopathological and biological factors with activity and efficacy endpoint of ICI
treatment, so to identify an easily detectable profile of the patients that might gain the

most benefit out of anti-PD1/PD-L1 immunotherapy.

We investigated the role of palliative RT administered right before or during anti-PD1/PD-
L1 ICI therapy. It has been considered that RT might potentially contribute to determine
a stronger systemic immune response (i.e. the abscopal effect) via immunogenic cell
death and antigen release, thus enhancing the efficacy of ICI (136,137). However, in our
cohort, RT administered during ICl was not associated to PFS, OS or tumor responses.
Surprisingly, RT administered within 30 days from ICI treatment start was associated
with worse OS, independently from all other clinicopathological factors considered. We
have no current explanation for this observation and only 9 patients had received
palliative RT immediately before ICI start, making this finding difficult to generalize.

Conversely, in line with other findings(138,139), we did not observe any abscopal effect,
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providing more evidence to debunk a widely postulated, yet scarcely objectivized

phenomena(137).

Recently, Pinato et al. showed that systemic ATB administered prior to, but not during
ICI monotherapy, are associated with a worse treatment response and OS in solid
tumors(140), while ATB treatment in general seems not to impact on chemo-
immunotherapy outcomes(141). In our cohort, only ATB during, but not previous to anti-
PD1/PD-L1 treatment, were associated with better PFS (univariate analysis) and DCB
(univariate and multivariate analysis). To note, considering the very low number of
patients (n=7) that received ATB prior to ICI, we cannot completely exclude that an ATB-
induced gut microbial dysbiosis might impair ICI efficacy. At the same time, we had no
sign of detrimental effect during ICl-based therapy in a wider number of patients (n=41),
in line with recent evidences(140,141), with a significant and independent association to

DCB which merits further investigation.

Whether systemic corticosteroids, due to their immunosuppressive effect, might impair
or not ICl when administered right before or during treatment is another matter of debate.
Several studies led to the conclusion that avoiding or delaying the use of corticosteroids
may result in maximizing the potential treatment benefits of immunotherapy(31-35).
However, other evidences highlight that corticosteroids have no detrimental effect on
immunotherapy and high doses of steroids might reflect poorer basal conditions (e.g.
active brain metastases, concurrent diseases, larger tumor volume), ultimately
responsible for the more scarce outcomes observed with ICI (36,37). In our study,
systemic administration of corticosteroids during ICl was associated with better PFS,
ORR and DCB at the univariate analysis but lost any significant effect when adjusting for
other clinicopathological factors. Corticosteroids prior to ICI did not show any significant
effect on outcomes. We did not observe any difference when dividing steroid-receiving
patients according to dose (above or below an equivalent of 30mg of prednisone), as
well. To note, in 48 out of 61 (78%) cases, systemic corticosteroids were administered
to treat immune-related adverse events and in 5 (8%) further cases were administered
as premedication to CT scan contrast medium. Thus, in our study corticosteroid use did
not reflect a baseline unfavorable condition beyond tumor type and there was no hint
that successfully treating ICI immune-mediated toxicities with corticosteroids might

ultimately impair anti-PD1/PD-L1 efficacy.

Noteworthy, an immunotherapy-naive status was associated to a significantly better
PFS, independently from other characteristics. Concordant recommendations regarding
the opportunity to retreat patients already treated with immunotherapy do not exist.

Furthermore, these patients are usually excluded from clinical trials that evaluate new
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ICI drugs or combinations so the evidence of activity in this setting is limited. A recent
meta-analysis pooling 49 available studies showed that in patients who had previously
discontinued ICI because of PD, ORR and median PFS were inferior to those of patients
who had previously discontinued ICI because of toxicity (15.2 % and 2.9 months vs. 44
% and 13.2 months, respectively) (145). Our findings, taken together with current
literature, seems to confirm that rechallenges with ICI, at least with anti-PD1/PD-L1,
should not be encouraged broadly, although in specific cases this strategy could be
considered. Understanding the clinical impact of neo/adjuvant ICI in patients with
relapsing metastatic disease candidate for immunotherapy will be of outmost importance
considering the rapid expansion of therapeutic indications also in early-stage solid
tumors(146,147).

Administering anti-PD1/PD-L1 in earlier lines seemed to be associated with better PFS,
OS and ORR at univariate analyses. Although the effect on PFS and OS might have
been influenced by a potential lead time bias, it is also true that a less compromised
immune system in untreated/less treated patients might favor the elicitation of more
potent immune responses. At the same time, it is important to underline that treatment
line lost its effect on all endpoints at multivariate analyses. Thus, this finding seems to

suggest that treatment line should not be an eligibility criterion for ICI treatment.

Our initial analysis confirmed the capability of the LIPI score to successfully stratify
patients with solid tumors treated with anti-PD1/PD-L1 in different prognostic subgroups,
independently from all main clinicopathological characteristics (31,37,140,209), in a
tumor agnostic fashion, both in terms of PFS and OS. Nevertheless, LIPI is only one
within several prognostic scores that have been developed to improve ICl and/or phase
| clinical trial candidates selection (38,49,59-63,117,188,189) so we decided to explore

this field further and perform a second analysis.

We subdivided the study cohort into rapid progressors (RP) (PFS < 4 months from ICI
initiation) and non-rapid progressors (NRP) (PFS > 4 months from ICI initiation) and
performed a direct comparison to explore which was the best prognostic predictor among
LIPI, RMH, PMHI, NLR, dNLR, PIPO and GRIm scores in terms of PFS and OS. LIPI
score was capable of satisfactorily detecting RP, differently from all other tested scores,
as they performed worse than LIPI and many with an AUC close or equal to 0.5.
Moreover, the association with rapid PD within 4 months was significant and independent
from the cancer type only for baseline LIPI score. Its association with rapid PD was also
noted independently of relevant clinical factors differentially distributed between RP and
NRP. To note, when accounting for the same clinical factors along with baseline LIPI,

LIPI at C2D1 showed a strong and independent prediction of rapid PD beyond the
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baseline score, especially for what concerns the poor score category. In fact, patients in
the poor group at C2D1, as compared to patients in the good and intermediate score
groups showed an 831% and a 1122% increase in the odds of achieving rapid PD. Also,
the multivariable model showed a higher goodness of fit when including either LIPI at
both timepoints or only LIPI at C2D1, than the model including only LIPI at C1D1.
Furthermore, when stratifying for relevant clinical factors and LIPI score at C1D1, the
Cox model including C2D1 showed a higher goodness of fit than the stratified Cox model
including only baseline LIPI, both in terms of PFS and OS prediction, suggesting a more
refined prognostic accuracy, as also suggested by looking at the landmark analysis of
12- and 24-month PFS/OS. Therefore, LIPI score proved to be the best score identifying
rapid progressions and showed a solid association with OS and PFS beyond tumor type

and relevant clinical features.

In addition, we explored for the first time in this scenario the early dynamics of LIPI score,
with the aim of assessing the ability to rapidly detect which patients might benefit from
continuing immune check-point inhibition or may need a treatment change. Retaining a
good prognostic score class between the C1D1 and C2D1 or experiencing a
downstaging from poor to intermediate or good, or from intermediate to good was
associated to significantly better OS and PFS. Our results suggest that a determination
of LIPI score at C2D1 might help improving prognostic prediction, in terms of both PFS

and OS beyond baseline score.

This score, assessed by detecting blood levels of LDH and dNLR (absolute neutrophil
count/[white blood cell concentration — absolute neutrophil count])(59), is an elegantly
simple biomarker accounting for peripheral pro-inflammatory status(119,199,200), which
is @ known poor prognostic factor in patients with cancer. Higher categories of LIPI score
are the reflection of higher LDH and dNLR blood levels, suggesting more peripheral
chronic inflammation. From a biological perspective, a downstaging in LIPI score
category might be related to either a reduction in LDH and/or dNLR, which is associated
to a lowering of neutrophils and/or an increase in lymphocytes levels. On one hand, LDH
has been classically linked to tumor burden and cancer metabolism, but important
immunosuppressive effects were also described in more recent years(203,204). Thus,
its reduction might both directly reflect tumor response to treatment, as well as a
reduction in immunosuppression, favoring response to ICl. On the other hand dNLR
reduction due to lymphocytes increase suggests an effective ICl-promoted activation of
adaptive immune response against the tumor(205). This combination of factors could
thus explain not only the baseline prognostic role of the score, but also the association

of its dynamics and levels at C2D1 with better long-term outcomes and less rapid
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progressions. As far as we are concerned, this is the first study assessing LIPI score
early dynamics and its association with survival. Additionally, in a pancancer context.
Only another study assessed LIPI dynamics, but evaluated the association with side
effects and was conducted in a cohort of patients with NSCLC(208). These results merit
further validation, as LIPI dynamics might become a useful inexpensive on-treatment
tool to identify patients either benefiting from continuing immune-checkpoint inhibition or
candidates to change to alternative therapeutic strategies in the context of adequately

designed clinical trials.

Our last objective was to explore the potential of tumor based biomarkers for ICI (PD1
MRNA levels, PD-L1 protein expression and Tumor Infiltrating Lymphocytes). In this
study we did not perform any biopsy to our patients so we could only analyze archival
samples if available. Besides, only 17.8% patients were able to achieve a CR or PR, PD-
L1 status was mostly unknown as this information was only collected from medical notes
if previously tested, so our analysis has some limitations. Although the number of cases
with tumor tissue available for mMRNA detection was too low for introducing the variable
in the multivariate logistic regression models, we confirmed the capability of PD1 mRNA
to identify patients more likely to achieve an objective response, CR above all, as our Dr
Prat’s lab had previously demonstrated(87). Interestingly, while TILs seemed not to
correlate with response and survival outcomes in a pan-cancer context, PD-L1% was
positively associated with a slightly higher likelihood of achieving an objective response
(OR: 1.03) and a 1% reduction in the risk of progression or death for each unitary
increase. Additionally, a cut-off of 10% appeared to be optimal in discriminating between
patients at higher likelihood of achieving an objective and durable response and at lower
risk of progression or death, similarly to what observed for example, with pembrolizumab
in metastatic triple negative breast cancer(157). Nevertheless, a larger casuistry is
required to confirm the result independently from other variables and across cancer

types, along with a uniform assessment of PD-L1 throughout cancer types.
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Chapter 6. Conclusions

In conclusion, the analysis that are part of this thesis provided evidence to:

Peripheral CD3+CD4+PD1+ lymphocytes subpopulations levels might be a tumor
agnostic biomarker for resistance to ICI. Higher levels of peripheral CD3+CD4+PD1+
lymphocytes prior to start ICI o before the second cycle might be associated to worse

outcomes discouraging ICI prescription.

Peripheral CD3+CD4+ Highly Differentiated might have a role as prognosis

biomarker. Higher levels seem correlated to shorter overall survival.

Other peripheral cells like CD3+CD8+PD1+ or lymphocytes B merits further analysis

but not conclusive evidence was found in our study.

Patients who have not received ICI previously (immunotherapy-naive status) have
higher chances of benefit from ICls. Other common clinicopathological factors seem
not to be able to identify the best candidates for immunotherapy.

LIPI score at baseline might be an effective tumor-agnostic prognosis biomarker able
to identify patients more likely to benefit from ICI. Early LIPI dynamics between first
and second ICI administration might improve LIPI prediction potential. LIPI score

could be considered a stratification factor for clinical trials.

PD1 mRNA might be tumor-agnostic predictive factor of response to ICI.
PD-L1 protein levels, with a potential 10% cut-off, is a promising tumor-agnostic

prognostic and predictive factor.
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Abstract

Immune-checkpoint inhibitors (ICT) have revolutionized the therapeutic landscape of cancer. However, optimal patient selec-
tion is still an unmet nezd. One-hundred-forty-six patients with metastatic cancer candidates to ICI at the Hospital Clinic of
Barcelona Clinical Trials Unit were prospectively recruited in this observational study. Blood samples were collected at dif-
ferent timepoints, baseline LIPI score calculated and pre-ICT archived tissues retrieved to evaluate PD-L1, tumor-infiltrating
lymphocytes (TILs) and PD1 mRNA levels. Tumor assessments were centrally reviewed by RECIST 1.1 crieria. Associations
with overall response rates (ORR ), durable clinical benefit (DCB), progression-free survival (PFS) and overall survival (O8)
were performed with univariable/multivarizble logistic and Cox regressions, whemr appropriate. At a median follow-up of
26.9 months, median PFS and O8 were 2.7 and 12.9 months. Response rates were 17.8% with duration of response (DOR)
of 4.4 months. LIPI score was independently associated with PFS (p=0.025) and OS (p <0.001). Immunotherapy-naive
status was independently associated with better PFS (p=0.005). Time-to-best response (TTBR) and ORR (p <0.001 both)
were associated with better OS at univariate analysis. PFS and DOR were moderately correlated with OS (p-< 0,001 both). A
PD-L1 10% cut-off detected worse/best responders in terms of ORR (univariate p=0.011, multivariate p=0.028) and DCB
(univariate p=0.043). PD1 mRNA levels were strikingly associated to complete responses (p=0.021). To resume, in our
prospective observational pan-cancer study, baselineg LIPI score, immunotherapy-naive status, cancer type and RT before
starting ICI were the most relevant clinical factors independently correlated with immunotherapy outcomes. Longer TTBR
seemed to associate with better survival, while PD1 mRNA and PD-L1 protein levels might be tumor-agnostic predictive
factors of response to ICI and should be furtherly explored.

Keywords Immunotherapy - Immune checkpoint inhibitors - PD-L1 - PD1 - Solid tumors

[« Prat Alleix ¥ Translational Genomics and Targeted Therapies in Solid
alprat @ clinic.cat Tumours Group, August Fi i Sumer Biomedical Research

B Schettin F _— Instituie (IDIBAFS), Barcelona, Spain

schettini @clinic.cat & Medical Oncology Department, University Hospital, 12 de
Octubre, Madrid, Spain

! Medical Oncology Department, Hospital Clinic T pai lozy De ¢, Dingmostic Bi fical Center.
of Barcelons, Barelons, Spain Hospital Clinic of Barelona, Barcelona, Spain

2 Medical Oncology Department (UGCT), Virgen de La 8 - L
Victoria and Regional University Hospital / TBIMA, Malags, Departament de Medicina, Facultat de Medicina i Ciéncies

Spain de la Salut, Universitat de Barcelona, c. Casanova, 143,
08036 Barcelona, Spain
3 Medical Oncology Department, Hospital Generel
of Granollers, Barcelona, Spain
4 Immunology Department, Hospital Clinic of Barcalona,
B arcelona, Spain

Published online: 10 January 2023 &) Springes

155



Cancer Immunology, Immunotherapy

Intreduction

In the last decade, immunotherapy with immune-check-
point inhibitors (ICI) has revolutionized the therapeutic
landscape of many solid tumors. 1CI-based therapeutic
approzch is based on the disruption of the activity of sev-
eral immune system inhibitory mechanisms, so to unleash
a potent immune response directed toward the tumor [1].
The majority of currently approved ICI act through the
inhibition of the PDI/PD-LI axis [2]. As of today, anti-
PDI (e.g., pembrolizumab, nivolumab) and anti-PD-L1
{e.g., atezolizumab, durvalumab) monoclonal antibodies
{mAb) have become some of the most widely prescribed
anticancer therapies and are recommended, in monother
apy or combination with other ICI or chemotherapy (CT),
in a broad spectrum of cancer types [1]. However, the
degree of benefit is different according to the cancer type
and within each tumor type, and only a limited proportion
of patients seem to benefit [3].

The only predictive biomarkers of response that can be
used in clinical practice are the assessment of PD-L 1 lev-
els by immunohistochemistry (IHC), micro-satellite insta-
bility {MSI) and tumor mutational burden (TMB), though
the latter only in the USA [4-7]. However, they have been
variably successful in predicting responders according to
different cancers and their use is limited to specific con-
texts [4-6]. The outcome of ICI therapy has also been
linked to the guality and magnitude of tumor-infiltrating
lymphocytes (TILs)" responses within the tumor micro-
environment, though without current clinical applicabil-
ity [8]. Additionally, the optimal metastatic therapeutic
setting (earlier or further lines), the efficacy in immune-
pretreated patients, the effects of exposure to immediately
previous or concurrent radiotherapy (RT), and the optimal

duration of treatment remain guestions unanswered. To
note, the impact of systemic corticosteroids and expo-
sure to antibiotic {ATB) therapy on response to 1CI are
another major concern, with only few and/for conflicting
data being published so far [%- 18]. Finally, easy-to-detect
and relatively low cost prognostic predictors able to strat-
ify patients for either ICI clinical trial inclusion or better
tailoring of the treatment strategy are urgently needed and
the LIPI score, based on a relative neutrophil count and
LDH is a promising one, which merits further validation
in a pan-cancer setting [ 19, 20].

The Bioimmunoblood project is a prospective observa-
tional study which is currently ongoing at the Clinical Trials
Unit of the Hospital Clinic of Barcelona (HCB) Medical
Oncology Department. Within this project we aim at char-
acterizing the patterns of response to anti-PD | and anti-PD-
L1 ICI in metastatic solid tumors and exploring patients”
clinicopathological, molecular and blood features that can
be useful to improve the selection of candidates for this rela-
tively novel therapeutic approach. Here we report the main
clinical results, while extensive molecular characterization
and blood biomarker study are currently ongoing.

Materials and methods
Study design and participants

To enter the Bivimmunoblood study, eligible patients had
to be diagnosed of metastatic solid tumor and about to start
a treatment with an ICI in a clinical trial. Full inclusion/
exclusion criteria are reported in Fig. 1.

We considered evaluable for this analysis all participants
treated with an anti-PD 1 or anti-PD-L1 ICI with radiclogi-
cal data available for an independent assessment of tumor
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responses according to RECIST 1.1 criteria [21]. Patients
with available baseline imaging experiencing a rapid pro-
gression leading to death, hence with no available radiologic
reassessment, were also included.

Procedures

A blood sample was collected from each patient at the first
day of cycle 1 (C1D1) and 2 (C2D1) prior to receive the
therapy and at each radiological evaluation of response
until progression. For this analysis only basal samples were
considered. Blood chemistry tests were carried out, includ-
ing the evaluation of albumin, hemoglobin (Hb), LDH and
standard leukocyte populations. The lung immune prognos-
tic index (LIPI) score was also calculated [22]. Treatments
and follow-up procedures were decided outside of this study
according to study protocol, since patients received ICI in
interventional clinical trials. All data were retrieved from
electronic patient charts. In case of availability and explicit
patient consent, archived tumor sections from the primary
or the latest available metastatic biopsy before starting 1C1
were collected. An expert pathologist from the HCB (ES)
carried out an assessment of TILs according to the meth-
odology proposed by the International Immuno-Oncology
Biomarkers Working Group [23]. PD1 mRNA expression
was evaluated using the Nanostring nCounter® platform as
we elsewhere described [24]. PD-L1 was assessed according
to the HCB clinical practice and using the anti-PD-L 1 mouse
monoclonal antibody 22C3 (Dako), following manufactur-
er's recommendation [25, 26] (Supplementary materials).

Study endpoints and outcomes

There was no prespecified sample size because of the explor
atory nature of this study. The accrual was terminated after
4 years, and the clinical data cut-off was established when a
minimum follow-up including at least one reassessment of
the disease for every included patient was reached.

This first analysis was intended to correlate baseline
clinicopathological factors to response, in terms of overall
response rate (ORR) and durable clinical benefit (DCB),
and survival, in terms of progression-free survival (PFS)
and overall survival (O8) (Primary Objective 1, Fig. 1. The
primary features of interest were treatment line at which an
anti-PD 1 or PD-L1 ICT is delivered (1% vs. subsequent lines),
patients’ immune-naive status (yes vs. no), the regimen type
{11 monotherapy vs. ICI-based combination), the ICT target
{anti-PD 1 vs. anti-PD-L1), having received RT, systemic
ATE or corticosteroids (> 10 mg prednisone equivalent
dose) within 30 days before, or during ICT treatment, as well
a8 cancer type according to the following groups: NSCLC,
genitourinary (GU) tumors, gastrointestinal (GI) tumors,
breast cancer/gynecological tumors, other rarer tumors. The

effect on OS for the time-to-best response (TTBER ) and dura-
tion of esponse (DOR) in patients achieving at least a stable
disease (SD), was investigated, as well. The prognostic value
of the LIPI score in terms of PFS and OS in a pan-cancer
context was also assessed.

Further objectives of this first report were to explore
TILs, PD-L1 protein and PD] mRNA impact on ORR, DCE,
PFS and OSF in patients treated with anti-PD 1/PD-L1 ICI
{Secondary Objectives 2-3, Fig. 1).

The evaluation of response for the purpose of this study
were performed in accordance to RECIST 1.1 criteria [21].
Best responses (BR) were classified as 5D, progressive dis-
ease (PD), complete (CR) or partial response (PR) indepen-
dently by the same expert (JGC) from the Clinical Trials
Unit of the HCB [21]. For the ORR assessment we consid-
ered all patients achieving CR. + PR as BR, while for DCB
we included all patients achieving CR +PR + 5D retained
at & months as BR.

Statistical analysis

Multiple x tests and one-way ANOVA were used to calcu-
late differences among poor, best and non-responders with
mespect to categorical and continuous variables of interest,
respectively. For the purpose of this study, we considered as
poor responders all patients that achieved SD as their BR,
while best responders were those achieving PR or CR as
their BR and non-responders were represented by patients
with PD as BR. Correlations between continuous variables
were evaluated with Pearson’s r. Univariate and multivari-
able logistic regression analyses were performed to inves-
tigate the association between PD1 mRNA abundance with
tumor response. Odds ratios (OR) with 95% confidence
intervals (CI) were used as measure of association with ORR
and DCB. The maximally selected rank statistics (MSRS)
method was adopted to identify an exploratory optimal cut-
off for PD1 mENA, TILs and PD-L1 protein, considering
PFS as the time-dependent endpoint [27]. Survival curves
were estimated by the Kaplan-Meier method and differences
betwean curves were evaluated by the log-rank test. Cox
regression models were applied to estimate univariate and
multivariate hazard ratios (HR) with their 95% CI to explore
the association among clinicopathological/biological vari-
ables, TTBR. DOR., PFS and OS. For the primary endpoint
of PFS, the proportional hazard assumption for the univari-
ate and multivariate Cox regression models was previously
tested using correlation coefficients between transformed
survival times and scaled Schoenfeld residuals and further
checked with the smoothed plots of Schoenfeld residuals
[28]. The clinical data cut-off date for this analysis was 25
August 2021. Patients alive were censored at the date of the
last follow-up.
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A two-sided alfa error of 0.5 was considered for sta-
tistical significance. Considering the observational and
exploratory nature of the study, we decided not to take
into account the multiplicity issue [29, 30]. A1l statisti-
cal analyses were carried out using R Studio vers.1.0.153
(PBC, Boston, MA) and SPS5 vers 24.0 (IEM SPS5 Sia-
tistics, Armonk, NY: IBM Corp) for MacOSX. Full meth-
ods are reported in Supplementary materials.

Bisimmunoblood stedy

l Patients screened for entering the ]
k=190

Results

Between May 2017 and June 2021, 156 patients entered the
study and 146 received an anti-PD 1/anti-PD-L 1-based treat-
ment. The selection process for the purpose of this analysis
is resumed in Fig. 2.

The median follow-up at the data cut-off (31/08/2021)
was 26.9 months (95% CI: 13.1-31.7). All patients and
tumors characteristics are detailed in Table 1.

A summary of activity and efficacy outcomes is reported
in Table 2.

/ Patients excluded from Immunablood \

W=34

Reasons for exchusion:
Did not receive an 101 due to;
¥ Screening fallure from clinical trials of 1€ [N=18)
¥ Patients consent withdrawal for participation in

Tetal patients included
N=156

an IC) trial {N=1)
¥ Received placebo/standard of care in an ICI trial
(mawn after unblinding) (N=8)
= Lack of mandatory blood samples (N=4)
= Adjuvant IC1, ultimately non-metastatic disease (N=1]
+  Exitus before starting 101 (N=1)

\' Concomitant hematologic malignancy (N=1} /

Total patients included in this
analysis
N=146

Patlents exchuded from the present analysis
M=10

Reasons for exclusion:
Ma sufficient data to allow for independent tumar
assessment [N=1)

= ICl other than antl-PDL/ant-PO-L1 (N=3]

N

Patients treated with an anti-PD1
H=114

Patients treated with an anti-PD-L1
N=32

Fig.2 STROBE flowchart. FCT immune-checkpoint inhibitors
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Table1 Population characteristics

ru::lu’s mmm mmn Ouarall
Charageristics N % N ] N % N ] P
71 486 nE 26 178 | 146 1000
Age
Mean | 633 - 626 = 65.0 - 63 =
069
5D #123 - +131 = 82 - +119 =
Owerall | 71 1000 48 We0 26 1000 146 1000
Sex
Female | 27 380 15 36 7 26.9 43 336
Male | 44 620 3 604 3 7a1 97 66.4 ot
Owerall | 71 1000 48 We0 26 1000 146 1000
ECOG
01| 58 2735 40 230 2 830 120 846
23 a 121 El 70 El 120 14 10.4 o
Owerall | 66 930 4 s 2% 962 134 918
Cancer type
MOC| 19 268 a 113 14 286 41 281
Gleancers | 22 10 1 169 5 10.2 EL 26.7
GU cancers 7 29 11 55 El 6.1 21 144 0.03
CNS, HEN, melanaoma and rane cancers 13 183 13 183 El 6.1 29 199
Breast+gynecs | 10 141 5 70 1 20 16 110
Owerall | 71 1000 48 We0 26 1000 146 1000
Metastatic st diagnoss
Yes [ 40 563 2% 531 17 654 a3 56.8
059
No [ 31 437 Ll 4539 9 346 63 432
Owerall | 71 1000 48 We0 26 1000 146 1000
Metastatic treatment line
Lt | 16 225 1 45 12 462 40 27.4
2nd | 20 282 17 a7 7 26.9 44 Aol
=3rd 35 433 20 408 7 269 62 415 o4
ol W w
Owerall | 71 1000 48 We0 26 1000 146 1000
Imm unotherapy-nafve
Yes | 58 a17 9 959 X% 962 130 849.0
002
No [ 13 183 2 41 1 s 16 110
Owerall | 71 1000 48 We0 26 1000 146 1000
Type of regimen
Monatherapy | 35 43,3 18 3.7 14 538 &7 459
Immunotherapy axmbination 20 282 11 24 4 154 k] 240 I
Immunotherapy + other | 16 25 2 408 a ELE 44 Aol
Owarall 71 100.0 49 1000 26 ooo 146 1000
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Table1 {continued)

Immanothe rapy tanget
PD1 50 825 33 573 il 808 114 Ta1
PDA1 11 155 16 337 5 152 a2 149 o
Owerall M 1000 49 1000 26 1000 146 1000
Clinical Trial
Yes | 47 562 EL] 796 14 53§ 100 6AS
Ho| 24 EES-] 10 204 1@ 442 25 315 L
Owerall n 1000 49 1000 2% 1000 146 1000
Number of metasta tic sites
<3 12 169 11 224 6 231 ) 1949
068
=3 59 H31 gL 116 0 769 117 801
Owerall M 1000 459 1000 26 1000 146 1000
Meeta static sites
Visceral | 55 ns i7 755 2 808 113 774
Hon-visceral 16 nsg 12 245 5 192 EE] 226
Bane 15 ni 13 265 4 154 a2 2198 o
CHE" 5 1.0 2 41 1 £} 8 55
Owerall n 1000 49 1000 2% 1000 146 1000
TiLs %]
Mean 7 - 5 - 7 - 1]
044
b 2839 - 474 - M4 - 8.4
Owerall 5e Ml il g9 19 731 102 &99
PD-L1
Positive 15 652 L] 750 1 1000 35 M1
Negative 8 328 3 250 i} i} 11 FLL] .
Owerall | 23 324 12 245 11 4:3 25 315
LIF| Score
Goad ) 445 22 458 14 636 &5 481
Intermediate | 26 0.0 21 438 7 ERE] 54 010 .45
Poor 10 154 5 104 1 45 16 115
Owerall 55 a5 48 980 n 846 138 92%
POl miftha
Mean | -6.34 -1.13 615 4.5
014
S0 | 2145 . 176 . *1580 . #1587
Owerall | 36 50.7 18 3487 14 53§ 68 465
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Table1 {continued)

Cortions tenoids
e in the 30 days before 10 a 113 1 4 3 120 n 152
Hotinthe 30 days before IC1 | 63 &7 8 114 i BRO 133 848 o
Overall | T1 1000 49 W00 M 962 145 993
‘e during 1K1 15 ni 24 0 14 538 53 353
Mo during IC1 | 56 Taa F-1 510 1@ &2 a3 637 =il
Owverall | T 1000 43 W0 3 1000 18 1000
sATH
‘fes in the 30 days before 10 5 T4 1 0 1 38 7 44
Motinthe 30 days before 01 | 66 930 8 980 n 562 13 952 .
Owverall | T 1000 43 W0 3 1000 18 1000
‘fes during 1K1 1z 171 18 s 11 43 41 5
Mo during IC1 | 58 el E il 625 5 5.7 m TS LiTik
Owverall | 70 96 48 980 ¥ 1000 124 S8

Nuowt-responders progressive disease as best esponse, Poor respotiders stable disease as best response, Besl responders complete response or
partial response as best msponse, S0 standard deviation, CN5 central nervous system, fCT immune-checkpoint inhibitors, 77Ls tumor infiltrating
lymphocyies, sATE systemic antibiotics, BT radiotherapy, f gastmintestingl, incloding colorectal, gastric, esophageal, pancreatic cancer and
cholangiocarcinoma, (L7 genitourinary, including kidney, bladder urothelial and prostate cancer, Cyteco gynecological, incloding ovarian and
cervix cancer, CNS tumors includes only glioblastoma, H&N head and neck tumors; rare tumors include sarcomas, thymic and suprarenzal car-
cinomas, NSCLC non-small cell lung cancer, *y° test for differences in proportions and unpaired Student’s t tast for differences in means, # pri-

mary CMS tumaors excluded

Progression-free survival

At the time of data cut-off, 120 PFS events had occurred
and median PFS was 2.7 months (95% CI 2.0-3.8) (Sup-
plementary Fig. 1 and Table 2).

Cancer site showed a significant association with PF3
at the univariate analysis (p=0.007) (Fig. 3), with NSCLC
patients treated with I'CI being significantly favored over
patients with GI tumors (p=0.011), breast cancer and other
gynecological malignancies (p=0.012), melanoma, H&EN
tumors and other rare malignancies (p =0.003) but not
genitourinary cancers (p=0.628). Patients treated in first-
line showed better PFS than patients treated in later lines
{p=10.037) (Fig. 3), and the later the line, the worse the out-
come (p=0.001}. LIPI score was significantly associated
with PFS (p=0.008) (Fig. 3), with intermediate (p=0.035)
and poor scores (p=0.005) associated with worse PFS than
good scores. Immuno-naive status, systemic ATB and cor-
ticostercids during ICI were also associated with signifi-
cant PFS improvement (p=0.001, p=0.004 and p=0.004,
respectively) (Fig. 3). No other clinical or hematological
factors were associated with PFS (full results in Supplemen-
tary Table 1).

At the multivariate analysis, only immunotherapy-naive
status (p=0.003) and LIPI score {(p=0.025) were asso-
ciated with PFS independently from each other, cancer

site, treatment line, ATB, corticosteroids and previous RT
(Table 3).

PFS showed a positive moderate cormelation with OS:
r=0.75, p<0.001.

Activity

The median TTBER was 2.5 months {(95%CI 2.0-2.7)
{Supplementary Fig. 1), with an ORR of 17.8% (95%Cl
12.0-25.0%) (Table 2). Excluding patients who experienced
a PD as best response, the median DOR was 4.4 months
{(95%CI 3.3-10.5) (Supplementary Fig. 1), with 17.8%
(953%CI 11.6-24.0%) patients experiencing a CE, PR or 5D
lasting = 6 months (Table 2). The DOR showed a positive
moderate commelation with O8 (r=0.60, p <0.001).

Cancer site appeared to be correlated with the achieve-
ment of ORR (p=0.044). with NSCLC and GU tumors
being associated with better ORR, compared to other can-
cers (p=0.011) (Fig. 4, Supplementary Fig. 2).

First-line ICI appeared to be associated with stronger
responses, compared to later lines (p=0.021) (Supplemen-
tary Fig. 2). Systemic ATB during ICI were associated with
increased DCBE (p=0.001) but not ORR (p=0.089). Nota-
bly, systemic corticosteroids administered during ICI were
associated with significantly better ORR (p=0.044) and
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Table2 Overall ICI activity and efficacy

ACTIVITY AND POPULATION
EFACALCY M (146} % (100.0)
TTER (months)
Median [95% Cl) |  2.5(2.0-27) -
Response
CR{95% CI) 7 48(20-9.6)
PR{95% CI) 19 13.1(8.0-19.6)
S0 [95% CI) 49 336 [26.0- 418)
PD [95% CI) il A8E [40.3- 57.0)
ORR(95% 1) % 178 (12.0- 250)
DCB([95% C1) % 178 [11.6-24.0)
Evaluable patients 146 100.0
DOR [months)
Median [95% Cl) |  4.4(23-10.5) -
PFS (months)
Median [95% Cl) |  2.7(2.0- 38) -
E&-month PFS | 44 patients atrisk 215 [24.7-400)
12-month PFS | 20 patients atrisk 206 [14.8- 286)
05 [months)
Median [95% CI) | 12.9(9.9- 17.4) -
E&-month 05 | 99 patients atrisk 721 [65.2-79.9)
12-month 05 | 54 patientsatrisk 508 [42.9-60.1)

TTER time-to-best mesponse, MR duration of mesponse, PFS pro-
gmssion-free survival, @5 overall survival, CF confidence imterval,
CR complete response, PR partial response, S stable disease, P
progressive disease, ORR overall esponse rate, MCE durable clinical
benafit

DCB (p=0.015). There were no other significant associa-
tions with ORR and DCR (Supplementary Table 2).

Overall results were not significant at the multivari-
ate analysis for ORR (Table 3). Conversely, sATB during
ICI were independently associated with more favorable
DCE (p=0.004) and a trend for better DCB was observed
for NSCLC and GU tumors versus all others (p=0.079)
(Table 3).

Overall survival

At the time of data cut-off, 91 deaths had occurred, and
median 08 was of 12.9 months (95%C1 9.9-17.4) (Supple-
mentary Fig. 1 and Table 2). Similarly to PFS, tumor site,
number of treatment lines and LIPI score were significantly
associated with OS (p=0.021, p=0.037 and p< 0.001,
respectively) (Fig. 3). When RT was administered within
30 days before KC1 treatment start, a significantly worse O3
was observed (p=0.009). Patients achieving an objective
response were also prognostically favored over patients
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Table 3 Multivariste survival analyses

PFS os
Variables
M g s P | M e e P

Cancer site Al others vs. NSCLGHGLT) 151 09 239 Q084 | 181 108 143 fLa2s
ICl treatment line (1t vs. 22nd] 087 0s 141 0%l | 078 041 L4 n4z2
immunctherapynaive statis (Yes vwi.No) | 042 03 078  LOOS | 061 0X 118 0144
Barsal LIt Scre n0zs 0,001
Intermedinte ve Good | 132 086 201 aM1 | 167 1m 17 L04s
Intermedatevs. Foor | 059 03 107 0081 | 040 0M Q7 0L.006
FoorvsiGood| 224 124 401 Q007 | 422 216 @ Am: <0001
SATB during IC] [¥es v Na 076 04 123 0F0 | 083 054 10 788
Corticoste roids during 101 (Yes v No) 071 04 111 086 | 080 05 1% wa8s
Previos BT [Yes ve. Noj 13 om 348 0S3 | 310 108 81s 041

ORR beB

Variables or W Sw P ok Inf = P
%0 9% %0 98Kl

Cancer site [NSCLC+GU vs. all others} 218 085 564 Q05 | 239 081 62 La7s
ICl treatment fine (1% vs. 22} 188 078 505 0S4 | 088 o0& 248 nae3
SATE during I [¥esve. Naj 158 o0& 404 0381 | 388 1S4 o wooe
Corticorte roids during IC1 [Yes v Noj 182 o7 454 Q188 | 207 08 5% 0127

HR hazard ratio, OF odds mtio, Iaf inferior, Sup superior. PFS progression-free survival, @8 owerall survival, OR R overall response rate, DCE
durgble clinical benefit, /CT immune-checkpoint inhibitor, CR complete response, PR partial response, S0 stable disezse, PID progmessive dis-
exse, NSCLC non-small cell lung cancer, (U genitourinary, <ATH systemic antibiotics, RT radiotherapy

Significant p values are eported in bold

achieving SD or PD as their best response (p<0.001)
{Fig. 5), with better prognosis for longer TTBR (p<0.001).
Mo other clinical or hematological factors were associated
with OS (Supplementary Table 1).

At the multivariate analysis, the independent prognostic
value of the LIPI score (p < 0.001) was confirmed, along
with a detrimental effect for RT received within 30 days
before ICI was confirmed (p=0.041), as well. Also, com-
pared to NSCLC and GU tumors, all other cancers showed
significantly worse O8 (p=0.025) (Table 3).

Tissue blomarkers exploratory analysis

PD-L1 protein expression, TILs levels and PD1 mRMNA lev-
els could be assessed for 46 (31.5%). 102 (69.9%) and 68
(46.6%) patients, respectively.

Increasing protein levels of PD-L1 were found to be
associated with slightly better PFS (HR: 0.987, 95%C1
0.978-0.995, p=0.003). The MSRS method was then
applied to detect 2 potential cut-off of PD-L 1 expression to
identify patients at better/'worse prognosis in terms of PFS.
An optimal cut-off of 10% could identify patients with sig-
nificantly different PFS (< 10% vs.> 10% HR: 3.12, 95%C1
1.53-6.36, p=0.002), also when adjusting for cancer site

(p=0.030) (Fig. 4, Supplementary Table 1). Addition-
ally, higher levels of PD-L1 were associated with signifi-
cantly better ORR {OR: 1.03, 95%C1 1.01-1.05, p=0.007)
and DCB (OR: 1.03, 95%CI 1.00-1.05, p=0.028). The
previously established 10% cut-off was able to distin-
guish between best'worst responders in terms of ORR
{(p=0.011) and DCB (p=0.043) at univariate analysis, as
well (Supplementary Table 2). When adjusting for can-
cer site, the cut-off retained its significance in terms of
ORR (OR: 11.67, 95%CI 1.30-104.82, p=0.028). Finally,
the PD-L1 cut-off was also able to distinguish between
patients with worse/better OS at univariate analysis (HR:
2.83, 95%CI 1.22-6.57, p=0.016) and when adjusting for
cancer site (p=0.024) (Fig. 4, Supplementary Table 1).
Both TILs and PD1 mENA levels were not signifi-
cantly associated to PFS (p=0.730 and p=0.682, respec-
tively), ORR (p=0.742 and p=0.331, respectively ), DCB
(p=0.870 and p=0.352, respectively) and OS (p=0.509
and p=0.208, espectively) (Supplementary Tables 1 and
2). However, PD1 mRNA levels were strikingly associated
to the achievement of CR (Fig. 4), compared to all other
responses (OR: 2.35, 95%CI 1.14-4.87, p=0.021) and
achieving an objective response was associated to better
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Fig.4 PD-L1 protein and PD'] mRENA levels’ main associations with
outcomes and best responses according to tumor site. A Best responsa
according to tumor site, B Progression-free sorvival KM curves
according to a PI-L1 cut-off selected with the Maximally Selected
Rank Statistics method, C Owverall survival KM curves according to
the seleced PD-L1 cut-off, 0 PD1 mRMA levels in patients achiev-
ing an objective mesponse versus patient not achieving an objec-

08, as previously reported (HR: 0.12, 95%CI 0.05-0.30,
p<0.001).

Discussion

Here we assessed the correlation among many clinico-
pathological and biclogical factors with activity and
efficacy endpoint of ICI treatment, so to identify an eas-
ily detectable profile of the patients that might gain the
most benefit out of anti-PDI/PD-L1 immunotherapy.
Owerall, baseline LIPI score, immunotherapy-naive sta-
tus, cancer type and RT before starting ICI were the most
relevant clinical factors independently correlated with
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tive msponse in the left box plot and P mEMA levels in patients
achieving a complete response v=. patients not achieving a complete
response im the right box plot, PFS Progression-free survival, OF
Overall survival, KM Kaplan-Meier, CR complete esponse, PR par-
tial mesponse, S0 stable disease, P progressive disease, p values in
bax plots are refermed to Student’s t tests for differences in mean POV
mRNA levels

immunotherapy outcomes. Longer TTER seem to associ-
ate with better survival, suggesting the need for not inter-
rupting I1CI therapy unless required for tumor progres-
sion, tolerability issues or patient’s preference. We also
observed that PD1 mRNA and PD-L1 protein levels might
be tumor-agnostic predictive factors of response to ICL
We confirmed that roughly 18% of patients treated
with anti-PD I/PD-L1 ICI experienced a durable clinical
response of at least & months, including SD. In patients
achieving disease control, the DOR moderately correlated
with 05 and the longer the DOR. the better the OS. Impor-
tantly, the TTBR also szemed to be positively correlated
with 05. Considering that no specific factors are currently
able to prospectively predict the best response the patient
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Fig.5 Ovwerzll survival curves according to significant population
characteristics. A 08 according to cancer site, B 5 according to
treatment line, C 05 according to best responses, 05 according to
LIPI scome, (5 overall survival, NSCLC non-small cell lung cancer,

will achieve, nor for how long it will last, these results
suggest that anti-PD L/PD-L1 1CI might be preferably dis-
continued at tumor progression or unacceptable toxicity,
justifying maintenance/durable treatment strate gies.
Unfortunately, only 17.8% patients were able to achieve
an objective response (CR or PR). and the type of response
was associated with OS, with patients achieving CR or PR
as best response experiencing an 88% reduction in the risk
of death, compared to patients not achieving an objective
response. In this perspective, although the number of cases
with tumor tissue available for mRNA detection was too
low for introducing the variable in the multivariate logis-
tic regmession models, we confirmed the capability of PD1
mRMA to identify patients more likely to achieve an objec-
tive response, CR above all (Fig. 4), as our group previously
demonstrated [24]. Interestingly, while TILs seemed not to

H&N head and neck tumors, (77 gastrointestinal, (7L genitourinary,
S0 stable disease, P progmessive disease, CR complete responses;
PR partial esponses, RT30 radiotherapy meceived within 30 days
from ICT start

correlate with response and survival cutcomes in a pan-
cancer context, PD-L1% was positively associated with a
slighily higher likelihood of achieving an objective response
{OR: 1.03) and a 1% reduction in the risk of progression
or death for each unitary increase. Additionally, a cut-off
of 10% appeared to be optimal in discTiminating between
patients at higher likelihood of achieving an objective and
durable response and at lower risk of progression or death,
similarly towhat observed for example, with pembrolizumab
in metastatic triple negative breast cancer [31]. Nevertheless,
a larger casuistry is required to confirm the result indepen-
dently from other variables and across cancer types, along
with a uniform assessment of PD-L1 throughout cancer
types.

We investigated in our study the role of palliative RT
administered right before or during anti-PD I/PD-L1 ICI
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therapy. It has been considered that RT might potentially
contribute to determine a stronger systemic immune
response (i.e., the abscopal effect) via immunogenic cell
death and antigen release, thus enhancing the efficacy of
ICI [32, 33]. However, in our cohort, RT administered dur
ing ICT was not associated to PFS, OS or tumor responses.
Surprisingly, RT administered within 30 days from ICI
treatment start was associated with worse 08, indepen-
dently from all other clinicopathological factors consid-
ered. We have no current explanation for this observation
and only 9 patients had received palliative RT immediately
before ICI start, making this finding difficult to generalize.
Conversely, in line with other findings [34, 35], we did
not observe any abscopal effect, providing more evidence
to debunk a widely postulated, yet scarcely objectivized
phenomena [33].

Recently, Pinato et al. showed that systemic ATB admin-
istered prior to, but not during ICT monotherapy, are associ-
ated with a worse treatment response and OS in solid tumors
[9]. while ATB treatment in general seems not to impact on
chemo-immunotherapy outcomes [10]. In our cohort, only
ATE during, but not previous to anti-PD1/PD-L1 treat-
ment, were associated with better PFS (univariate analysis)
and DCB (univariate and multivariate analysis). To note,
considering the very low number of patients (n=7) that
received ATB prior to ICI, we cannot completely exclude
that an ATB-induced gut microbial dysbiosis might impair
ICI efficacy. At the same time, we had no sign of detrimen-
tal effect during ICI-based therapy in a wider number of
patients (n=41), in line with recent evidences [2, 10], witha
significant and independent association to DCB which mer
its further investigation.

Whether systemic corticosteroids, due to their immuno-
suppressive effect, might impair or not ICI when adminis-
tered right before or during treatment is another matter of
debate. Several studies led to the conclusion that avoiding
or delaying the use of corticosteroids may result in maxi-
mizing the potential treatment benefits of immunotherapy
[12-16]. However, other evidences highlight that corticos-
teroids have no detrimental effect on immunotherapy and
high doses of steroids might reflect poorer basal conditions
{e.g., active brain metastases, concurrent diseases, larger
tumor volume), ultimately responsible for the more scarce
outcomes observed with ICI[17, 18]. In our study, systemic
administration of corticosteroids during IC1 was associated
with better PFS, ORR and DCE at the univariate analysis
but lost any significant effect when adjusting for other clin-
icopathological factors. Corticosteroids prior to ICT did not
show any significant effect on outcomes. We did not observe
any difference when dividing steroid-receiving patients
according to dose (above or below an equivalent of 30 mg
of prednisone; not shown), as well. To note, in 48 out of 61
{7T8%) cases, systemic corticosteroids were administered to
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treat immune-related adverse events and in 5 (8%) further
cases wemne administered as premedication to CT scan con-
trast medium. Thus, in our study corticosteroid use did not
reflect a baseline unfavorable condition beyond tumor type
and there was no hint that successfully treating ICI immune-
mediated toxicities with corticosteroids might ultimately
impair anti-PD1/PD-L1 efficacy.

Multiple evidences have highlighted so far the capabil-
ity of the simple LIPI score, based on the derived neutro-
phile-to-lymphocyte ratio (dNLR ) and LDH, to successfully
predict the prognosis of patients with NSCLC treated with
immunotherapy [36, 37]. LIPI score prognostic ability has
been also evaluated in patients with various tumor types
treated with ICLL like melanoma, bladder cancer or solid
tumors harboring MSI [19, 22, 36, 383-40]. Our study con-
firms the capability of the LIPI score to successfully stratify
patients with solid tumors treated with anti-PD 1/PD-L1 in
different prognostic subgroups, independently from all main
clinicopathological characteristics, in a tumor-agnostic fash-
ion, both in terms of PFS and OS. Patients with poor basal
LIPI had a poor bepefit from ICI, hence the evaluation of
LIPI may identify a subset of patients with no or reduced
benefit to anti-PD1/PD-L] therapy. Considering the evi-
dence available on this score, we strongly encourage its use
at least for the selection of patients for clinical trials with 1C1
of as a stratification factor within such trials.

Moteworthy, an immunotherapy-naive status was associ-
ated to a significantly better PFS, independzntly from other
characteristics. Concordant recommendations regarding the
opportunity to retreat patients aleady treated with immuno-
therapy do not exist. Furthermore, these patients are usually
excluded from clinical trials that evaluate new ICI drugs or
combinations so the evidence of activity in this setting is
limited. A recent meta-analysis pooling 49 available studies
showed that in patients who had previously discontinued KC1
because of PD, ORR and median PFS were inferior to those
of patients who had previously discontinued ICI because of
toxicity (15.2% and 2.9 months vs. 44% and 13.2 months,
respectively) [41]. Our findings, taken together with cur-
rent literature, seems to confirm that rechallenges with ICI,
at least with anti-PD 1/PD-L1, should not be encouraged
broadly, although in specific cases this strategy could be
considered. Understanding the clinical impact of neo/adju-
vant ICI in patients with relapsing metastatic disease can-
didate for immunotherapy will be of outmost importance
considering the rapid expansion of therapeutic indications
also in early-stage solid tumors [42, 43].

Importantly, administering anti-PD 1/PD-L1 in earlier
lines seemed to be associated with better PFS, 08 and ORR
at univariate analyses. Although the effect on PFS and OS
might have been influenced by a potential lead time bias,
it is also true that a less compromised immune system in
untreated/less treated patients might favor the elicitation
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of more potent immune responses. At the same time, it is
important to undzrline that treatment line lost its effect on all
endpoints at multivariate analyses. Thus, this finding seems
to suggest that treatment line should not be an eligibility
criterion for ICI treatment.

Finally, we observed that NSCLC and GU tumors were
associated with better survival and activity outcomes com-
pared to the rest of solid malignancies included in our study.
This result, for which a specific explanation cannot be pro-
vided in the context of this analysis, is somewhat confirma-
tory of the good sensitivity to immune-checkpoint inhibition
observed in the clinical practice scenario. In fact, most I1CI
are currently approved for NSCLC, prostate, kidney and
bladder urothelial cancer [44].

Our study presents several limitations worth noting. First,
its observational nature limited any possibility of control
with respect to the administered treatment or for a more
homogensous tumor site distribution or treatment line. Sec-
ond, being a non-interventional trial, we could not realize
any tumor biopsy for patients lacking tumor tissues. This
prevented us from testing for PD-L1 protein levels and PD
mRNA in all patients’ tumors. Additionally, there was no
control arm. Finally, patients were treated in clinical trials,
which means that some agents are not currently approved for
the same clinical scenario. At the same time, this potential
bias highlights the added value of a Clinical Trials Unit in
an Oncology Department, which gives patients real thera-
peutic possibilities not otherwise or readily available in a
pure clinical practice scenario. Despite limitations, our study
comprehensively assessed all main clinicopathological char-
acteristics considered in clinical practice. Data were pro-
spectively collected and there was no specific selection bias
related to excessively strict inclusion criteria, which is the
typical Achilles’ heel when generalizing clinical trial results
to the “real-life” population [43, 46]. Furthermore, the sam-
ple size was in line with most phase 11 single arm trials.

To resume, only < 20% of patients with solid tumors
obtain an objective and durable response with anti-PD 1/
PD-L1 ICL, with the magnitude and duration of response
being directly associated with outcomes. The appropri-
ate selection for patients more likely to achieve a durable
response to ICI should be a priority. In this perspective,
common clinicopathological factors seem not to be able to
identify the best candidates for immunotherapy, except for
immunotherapy-naive status. Systemic corticosteroid admin-
istration for treating ICI-related adverse events is a feasible
therapeutic strategy which seem not to negatively affect ICI
efficacy, as well as systemic ATB administered during treat-
ment. Importantly, none of our RT-treated patients expe-
rienced a beneficial abscopal effect, while RT detrimental
effect when administered before starting ICI should be fur
ther elucidated in wider casuistries. Importantly, our study
provides additional evidence to support the use of basal

LIPI score and PD 1 mRNA in tumor tissue at least to select
patients for clinical trials with anti-PDL/PD-L1 ICI and/
or as stratification factors, while PD-L1%, with a potential
10% cut-off, is a promising tumor-agnostic prognostic and
predictive factor. However, it should be further validated
in appropriately powered prospective studies and with the
same detecting methodology, preferably CPS, potentially
more generalizable than TPS (Supplementary materials).

To conclude, the selection of the best candidate to anti-
PDI/PD-L1 therapy remains an unmet need. A better molec-
ular characterization of responders and non-responders is
key to identify cumently elusive factors that prevent us from
efficiently select patients for this therapeutic strategy. The
ongoing evaluation of blood and tissue biomarkers from
our Bioimmunoblood study will hopefully provide a much-
needed contribution to this field.

Supplementary Information The online version contains supplemen-
tary material available at httpedoi_org! 10 L00T/ s00262-022-03360-9.
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Background

Soft-tissue sarcomas (STSs) are a heterogeneous group of tumors, representing approxi-
mately 1% of adult malignancies® Within STSs, undifferentiated pleomorphic sarcomas o ool

(UPSs) are one of the most frequent subgroups (5%-15%).* Treatment options of advanced

UPS remain limited, and the prognosis of patients with metastatic disease is poor, with a  [restive Commons Sushuion
median survival of approximat ely 12 months. 2 UPS is characterized by a high level of genomic 45 Geenee

instahility, as indicated by its complex karyotype with low tumor mutational burden (TMB)

but high copy number alterations. = This feature can be theoretically associated with higher

immunogenicity because of a potential increase in necantigen formation® For this reason,

there is potential role for immunotherapy with immune checkpoint inhibitors (ICIs) in this

subset of patients”

JO0 Precas Onanl 722300051
© 023 by eneican Socely of

Here, we report the case of a patient with metastatic UPS of the chest wall successfully treated with
an anti-PD-11 ICI at the Clinical Trial Unit of the Hospital Clinle of Barcelona (HCB), who ex-

perienced an exceptionally prolonged complete response (CR). Because of the lack of blomarkers
for the correct identification of patients with UPS benefiting the most from ICIs, an extensive

clinicopathological and molecular profiling was performed to explain this Uncommon response.
Case Presentation

A 69-year -old man without a relevant medical history was diagnosed in June 2017 at the HCB
with a stage IV UPS of the chest wall with one pulmonary metastasis. The patient recelved
standard first-line chemotherapy with doxorublcin + ifosfamide, obtaining stable disease (SD)
as best response. A tumorectormy with pulmonary metastagectonny was performed afterward.
However, after 2 months, the patient was admitted to our hospital because of selzures A
magnetic resonance imaging (MRI) was performed and showed brain metastasis (Figs 14 and
18). The lack of previous symptoms and brain imaging prevents to know if it was alveady
present. A new CT scan showed bilateral lung metastases, as well (Fig 1C). The patient was
treated with whole brain radiotherapy (WBRT); then, after approcimately 1 month, second -line
treatment was started with an experimental probody directed against PD-L1. After 8 months of
anti=PD-L1 treatment, the patient experdenced a CR in extracranial target lesions according to
RECIST 11 criteria® (Fig 10) and minimal residual changes in brain MBL After 52 months, the
patient discontinued the treatment because of the lack of production of the study drug. In the
last reassessment in June 2023, after 71 months, the patient was still with no evidence of disease
progression. The clinical case is resumed in Figure 2

Consent for Publication

The patient provided informed consent to publish the study results on the basis of
anonymized data.

ASCO  JCO' Precision Oncology ascopubs orgfjournzlpo | 1
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FIG 1. Representative imaging from baseline and at CH in tanget lesione (&) CHS metastasis at
baseline MAI; (B) CT CHS images atthe moment of obtsining 2 CR (MR no longer used after hasing);
(C) lung metastases at baseline CT scan; the largest lung lesion messured 16 mmin its maximum
diameter, with several sdditional satellite |esions: (D) lung CT scan at the moment of obtaining & CR.
CH, complete response; CT, computed tomography: MAL magnetic resonance imaging.

Molecular Assessments
Host Biomarkers

Previously to start the anti-PD-L1 treatment, we calcu-
lated the derived neutrophil -to-lymphocyte ratio (dNLE)
and the lung immune prognostic index (LIPI), which we
proved to be a highly performing tumor-agnostic prog-
nostic score for ICI-treated patients.” The dNLR was 1.51,
amd the LIPI score was o, both sugpesting a good
prognosis! ™" Such scores did mot substantially change
after the flest cycle of ICL

In addition, we performed anexploratory study of the T-cell
population inperipheral blood. Blood samples were collected
at baseline, at cyde 2, and at each radiologic evaluation. Flow
cytometry analyses were performed using the lineage and
differentiation markers CD2s, CD3, FOXP3, CD40L, HLA-DR,
CDy, CD62L, CD6g, CD8, CTLAL, Chhg, Ciafss, CD28,
PDL1, PDn, COASROMRA, and CCR7.

Before cycle 1 of anti=FPD-L1 treatment, the patient had high
blood levels of effector memory T cells with low naive T cells

2 | & 2OX3 by American Socety of Clinical Oncolbgy

At the time of CR, the naive T cell increased from 9.3% to
21.5% with a decrease of 15% in effector memory T cells.
When the patient did not recelve the anti-FD-L1 treatment
at cyele 10, the naive T-cell population was 9.0%, dmilar to
baseline ( Fig 34). However, T subpopulations levels in blood
did not show aclear pattern in relation to treatment response
and maintenance. NK lymphocytes and Tregs showed un-
dulatory noninformative pattermns(Fig 38). At the same time,
B-cell levels in blood showed a substantial increase through
time (Flg 3C).

Tumor Biomarkers

To interrogate genomic alterations of well-known genes
altered in cancer that might both polentially explain the
unexpected therapeutic response, as well as representing
potential fiture targets, we performed a molecular testing in
pretreatment formalin-fixed paraffin-embedded (FFPE) tu-
mot tissue through the Oncomine Focus assay (ThermoFisher
Scientific, Waltham, MA; Table 1). This next-generation
sequencing (NGS)-based assay detected the following
pathogenetic hotspot mutations: BRAF G469V, FGFR4
Wgo0Ter, NRAS G125, and PIK3CA H1047R.
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FIG 2. Case report timeline The first-line scheme con sisted in doxorubicin 50 ma/m? in continuous infusion at day 1 plus fosfamide 2 000 ma/m?
with MESHAuroprotection for 3 consecutive days, sdmini stered once every 3 weehs. Whol e-brain rediotherapy was admini stered to resch a total
of 30 Gy to stabilize the brain lesion. The experimental probody directed sgainst FOLL1 was administered once every 2 weeks, in cydes of B weeks

DiFl, diseasefree interval.

FFPE tumor tissue was used to perform a gene expression -
based assay™ with a Nanostring nCounter platform (Namo-
sting Technologies, Seattle, MA) at our laboratory. The
assay Included cancer- and immune-related genes, in-
cluding PDCDd (P} expression, which we considered
worthy assessing in this context (Table 2). The PD1 mENA
level detected was -3.657 (relative transcrdpt abundance),
meaning high levels of expression according to the cutoff
from Paré et al* predicting benefit with anti-PD1 ICL With
the same assay, we compared the levels of expression of
multiple immune genes assoclated with B cells, T cells,
innate immunity cells, and cytoldnes, as well as the estab-
lished immunoglobulin G (1GG) signature, originally iden-
tifled inbreast tumors (Table 2).'2 The mean mBNA levels for
1GG-related genes and of all immune genes taken together
were higher than mean mRNA levels of all the 192 genes
induded in the research-based PAMSO codeset (ANOVA
P = .029; Fig 30). The relative transcrdpt abundance of the
IGG signature and of all immune genes together corre-
sponded to the 72nd and s8th percentile of the entire

codeset, respectively.

PD-L1 was evaluated using immunchistochemistry (THC)
22C3 pharmDx (Agilent, Santa Clara, CA). PD-L1was positive
with a combined positive score of 70%. We also checked for
the presence of high microsatellite instability (MSI-H) at
IHC, but no MSI-H was observed at baseline ** Additionally,
we explored the tumor microenvironment in the primary
tumor through IHC and found a high CD4* and CD&* T-cell
infiltration with low CDzo* (B cells) and FOXP3+ Tregs
infiltration (Fig 4). We also assessed in hematoxylin and

JCO Precision Oncology

eosin slides from FFPE samples the presence of tertiary
Iymphold structures (TLSs), which are ectopic lymphold
tissnes identified as highly organized ymphold nonencap -
sulated appregates resembling secondary lympholdorgans.
Mo TLS were found

Discussion

UPS is a rare and difficult-to-treat solid mimor with limited
therapeutic options.* Recently, several phase 11 studies in-
vestigated the outcomes of anti-PDY/PD-L1 ICIs in patients
with advanced sarcoma *** Responses were observed only
for some histological subtypes, including UPS, with a 40%
objective response rate to anti-PD in the SARCo28 tral "7
Other studies showed similar results, suggesting that a
subset of patients with UPS may respond to immune
checkpoint blockade '*** On the basis of this evidence and
considering the poor performance of chemothe rapy beyond
first-line, immunothe rapy with ICk is recommended by the
Mational Comprehensive Cancer Network guldelines for
refractory UPS™ Nevertheless, the PEMBROSARC phase 11
trial demonstrated that in an unselected population, the
clinical bene fit of 1C1 was extremely limited, with a 6- month
nonprogressing rate of 4.9% (95% CI, 0.6 to 16.5) amnd an
overall response rate of 24% (95% CI, 0.1 to 12.9)% How -
ever, results were impressive when intratumor TLSs were
observed.” These evidences suggest that ICIs can be bene -
ficial to patients with sarcoma, including UPS, but correct
biomarker identification is essential. ™ In our case, no TLS
was observed at baseline, despite impressive response to 1CL

Interestingly, the patient had good prognosis according to

ascopubs.ongfjoumalfpo | 3
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lymphocyt e subpopul ations levels at different time point 5; (B) circulating MK and Tregs lymphocyte subpopul ations levels trends through
time; (C) circulating B ymphocyt e subpopul ationg levels trends through time; (D) boxplots of mRNA levels of different gene clusters. The
numbers 1-20 (A-L) are refermed to the number of TAC evauation. Red lines (B and C) are representative of the different ymphocytes levels
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bothbasal LIP1 score and ANLR, confirming that these scores
provide valuable prognostic information in patients with
solid tumors treated with immuonotherapy 4=

It has been reported that UPSs present with a high ex-
pression of genes related to both antipen presentation and
T-cell-mediated immunity and is among the most mutated
STS subtypes, supgesting that it may be well suited to
treatment with 1CL* Unfortunately, we could not measure
the TMB of our patient’s tumor, which is an established
biomarker of response to ICI with anti-PIn  pem-
brolizumab.** However, not many genomic mutations were
found, nor were cbserved al terations clearly associated with

4 | © 2023 by American Sodety of Clinical Onoobay

immunotherapy benefit. Comversely, the presence of BRAF
GAA0V and NRAS G125 mutations suggested a possible
yperactivation of the RAS/MAPK pathway, which usually
confers poor prognosis in UPS™ An FGFR4 mutation was
ohserved, as well (le, AGFR4 Wi, 60Ter), which isadriver gene
for rthabdommyosarcomas.™ Despite these potentally unfa-
vorable mutations, our patients showed an impressive re-
sponse to ICI with a durable CR that translated into a
diseage-free interval of almost 6 years, which is uncommon

Interestingly, our patient received WBET 1 month before
starting anti=PD-L1 treatment. This approach could have
increased the permeability of the blood-brain barrier and
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TABLE 1. List of Genes Included in the Oncomine Focus Gene Panel

Oncomine Gene Panel

TABLE 2. List of Genes Included in the Custom 192-Gene Panel

PAMS0 E192 Gene Fanel

Pathogenetic
Hotspot Mutation Fusions [nvolved
Target Gene CHV Target Gene Gene
AKTT IDHT AKTT MYCN ABLT NTRKS
ALK OHZ ALK PDGFRA AKTE POGFRA
AR JAKT AR PIKICA ALK PPARG
BRAF SR BRAF - AXL RAFT
COKd KT CONDT = BRAF RET
CTRNET KRAS GOk - EGFR ROST
ooRz MAPKT COKS = ERBRZ =
EGAR AP EGAR - ERG -
ERBEZ MET ERBEZ - ETVT -
ERBB3 MTOR FGFRT - ETVY -
ERBBR4 NRAS FGFRZ = ETVS =
ESRT POGFRA FGFRS - FGFRT -
FGRR2Z PIK.3CA FEFR4 = FGEFRZ =
FGRRE RAFT KT - FGFRI -
GNATT RET KRAS = MET =
GNAD ROST MET - NTRKT -
HRAS S0 MYC - NTRIE -

Abbreviations: CHY, copy number variation.

improved the brain metastasis response, as suggested from
studies conducted in other tumor types. This combined
approach might thus mert further evaluation in wider co-
horts also in the context of UPS.=-30

Importantly, high PD-L1 protein levels were observed at
baseline. This Momarker has been associated with response
to ICI directed against the PDYPD-L1 axis in multiple
trials,*-3* a predictive potential that seems to find confir-
mation in our case. However, PD-L1 is a suboptimal bio-
marker since different and not interchangeable assays and
methodologies for assessment are available, with different
indications depending on the tumor and leading to different
ICI prescriptions. =3 Moreover, several meta-analyses led to
opposite conclusions. ™ Noteworthy, PD1 mENA levels were
also congdered high, if taking into account the cutoff for
prediction of anti-PDn IC1 benefit recently established in a
pan-cancer context.~# This biomarker has the advantage
over PD-L1 to be detectable with a standardized and high
reproducible methodology and might be applied potentially
im all solid tumors. Inour case, it successfully predicted anti—
PD-L1 benefit. Hence, we believe that further confirmation
of its predictive potential should be pursued, also in the
context of patients treated with anti-=PD-L1 ICL In this
perspective, the ongoing trdal SO0LTI-1904 ACROPOLI
(Clinical Trials pov  identifier: NCTo4802876) will likely
provide more solid evidence on this promising biomarker.

Another common biomarker of response to anti-PD1 IC1 is
the presence of M5I-H, a condition usually associated with

JCO Precigion Onoology

ABCCTT COF EQMES WL TERT MK &7 RRMZ
ACTGZ  COFgas ERBBZ WLI23A MLPH STy
ACTREE CD&4 ERBB3 LIRE MMPT SERPINBS
AFFF CD&& ERBB4 L34 MMFPTT SFRPT
AGRE CDEA ESRT RFT MNDT SHIDTA
AGRT CDCH ETFA MR MPHOSPHE  SIAHZ
ANLN CDC& EXOT e MRAS SLAMFT
AR CDCAT Fi1z 12620 MELN SLCFSAE
ASPM CDCAS FAZH ITK MUCLT SPDEF
AURKA  CDCAR FGRRT KCTD9 MYBLZ ETARDS
BAGT CDHF FGRRZ KIFZ3 MYT STATT
BOLZ CDKMNG FGRR4 KIFZC NATT STAT4
BIRCS CENPA FHOOT KLKS KNORGZ? TCAP
BLVRA  CENPF FOXAT KLRBT NECTING TFCPALT
BOC CEPSS FOXCT KLROT NEKZ THED4
BRCAT  CLUAPT GABRP KNTCZ NFIB TMEM 458
BRCAZ CNTNAPZ GAPD KRT14 WOOT TNFREFTF
BUBT CREB3L4 GARS KRTIF NTHG" TORZA
CloefS4  CRYAB GATAS KRTIE RCEL TROFZ
CCNBT  CTLAM GNLY KRTS ORMDLE TRFPVE
CONB2  CXECLT GPNMBE KRT&aB POCOT TEPANTZ
CONDT CXCLTE GPRT60 KYNLU PGR TTK
CCNET CXOLE GRBT LaAxT™ PHGDH TYME
oo CXCLY GEDMB LEGALES PME UBEXC
ooz CXCRG GINA LY2 PNMT UBEIT
o CHACS GIMB MAGED?  POLZAFT XBFP1
CDI74  DGKD HLAL" MAFPT PEMD3 ZNF552
03D DNAJCTZ 104 MDMZ FTTGT ACTE
CO03G DNaALIT ™ MELK PUMT MRPLTS
o4 EZFT ey MFEDZA  RADST PEMCY
Coan EAFZ a" Ml RBT RPLPD
Coas EGFR IGLVFZT  MIDT RRAGA SF3AT

sidentifies the 14 genes integrating the immunoglobulin G signature.
These genes are implicated in the maturation of T and B hymphocytes
progenitors (JL2RE), CD4* and B lymphocytes activation and survival
(CO2F, TNFRSF17, PIMZ), B lymphocytes differentiation in germinal
centers (POUZAFT), immunogl dbulin production (C0F9s, 16, IGKE, IGL,
IGLV3-28), chemotasds (CXCLS, NTNS), and regulation of B, T, and MK
lymphocytes activity (LAX T, HLAC).™

DNA mismatch repair deficiency (dMME). In fact, two
prospective tdals have demonstrated, so far, that solid
malignancies with MSI-H/AMMR experience clinically
meaningful response rates with durable effect over
time when treated with anti-PD1 pembrolizumab or
dostarlimab,'s25 leading to a tumor histology-agnostic ap-
proval by the US Food and Drug Administration for both 1CIs.
However, in our case, there was no MSI-H at baseline,
supgesting other potential mechanisms underlying the re-
sponse obtained to immunotherapy.

asoopubs.orgfjoumnalpo | §
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FIG 4. Representative images of immune infiltrate in the patients’ tumor. (A) CD4* T-helper
lymphocytes; (B) CD8* cytotoxic T lymphocytes; (C) CD20* B lymphocytes: (D) FOXP3+ regulatory
T lymphocytes (Tregs). All pathology images are magnified at 40 +, positive; Tregs, regulatory T
lymphocytes.

Interesting from a biologic perspective is the finding that
peripheric B lymphocytes levels increased during the
treatment and basal levels of the I1GG immune signature
were higher than overall mean gene expression. This
signature seems to reflect adaptive immune response
activation mostly associated with B-cell response and
immunoglobulin production and was assoclated with
more favorable outcomes in the aggressive triple-
negative breast cancer subtype.® Interestingly, we re-
cently observed in a publicly available data set from The
Cancer Genome Atlas that the IGG signature was asso-
ciated with better overall survival in STS (hazard ratio,
0.78 [95% CI, 0.62 to 0.97]; P = .029).37 Another study
showed that TLSs enriched in B cells in sarcoma’s mi-
croenvironment are associated with better prognosis and
response to immunotherapy,** though in our case there
were no TLSs in baseline tumor tissue. Overall our case,
along with these findings, suggest that anti-PD-L1 ICls
are an effective treatment option in UPS and that B-cell
immunity is likely responsible for the antitumoral effect
of this therapeutic approach in this disease. Moreover,
B cells can contribute to the upregulation of T-cell re-
sponses. In our patient’s tumor microenvironment, high
cytotoxic T-cell infiltration was observed, with reduced
Tregs infiltrates, usually negative regulators of antitu-
moral immune responses ® consistent with the recent
report from a subcohort of the PEMBROSARC trial.*

6 | @ 2023 by Amenican Society of Clinical Oncobgy

Whether this might be a proxy for tumor immune sen-
sitivity should be further clarified.

Finally, although B-cell infiltrates were not extensive at
baseline, circulating B lymphocytes progressively in-
creased throughout the treatment , raising the question of
whether B-cell levels might represent a good tool to
monitor therapeutic response. Unfortunately, we had
no available posterior biopsy to evaluate potential
treatment- induced modifications in the tumoral immune
infiltrate and correlate B lymphocyte levels through time
and TLSs in the tumor microenvironment, which have
been elsewhere associated with response to ICis in
sarcoma.’*

Conclusions

Despite being a poor prognostic disease, metastatic UPS
can be successfully treated with immunotherapy inter-
fering with the PD1/PD- L1 axis. The correct selection of
optimal candidates for such a therapeutic approach is
imperative, considering the high costs and potential life-
threatening toxicities associated with immune check-
point blockade.*~** In this perspective, PD-L1 levels or
PD1 mRNA at baseline might be useful to identify can-
didates. In addition, the role of WBRT to increase the
therapeutic response to ICIs in UPS with brainmetastasis
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should be assessed. Considering the prognostic role and
the potential assoclation between response to ICI and
B-cell immunity, the role of baseline 1GG signature
merits further exploration to define its role as predictor
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Abstract

Introduction Immune check-point inhibitors (ICT) were a major breakthrough in cancer care, but optimal patient selection
remains elusive in most twmors.

Methods Overall 173 adult patients with metastatic solid tumors candidates to ICT in clinical trials at our Institution were
prospectively recruited. Blood samples were collected at cycle 1 (C1D1) and 2 {C2D1) and until the occurrence of progres-
sive disease (PD). C1D1 LIPL, RMH, PMHI, NLR, dNLR, PIPO and GRIm prognostic scores were calculated. The primary
endpoint was identifying the best score to predict rapid PD (=4 months) with ICI using logistic regressions accounting
for tumor type, and receiving operators characteristics (ROC) with area under curve (AUC), accompanied by an extensive
comparison of the score performances in the prediction of overall survival (05), progression-free survival (PFS), overall
response rates (ORR) and durable clinical benefit (DCB). Secondary objectives included describing study cohort outcomes
and studying the association between the selected score at C1D 1, C2D1 and its dynamics with OS and PF5.

Results C1D 1 LIPI was the best predictor of rapid PD, OS and PFS, regardless of cancer type, compared to other scores. No
score was associated to ORR and only RMH to DCB. Baseline LIPI detected three categories of patients with significantly
different OS (p < 0.001) and PFS (p=10.013). The same was observed at C2D1 for OS5 and PFS (both  =0.020). Significant
LIPI class shifts were observed in the overall population (p <0.001), rapid progressors (p=0.029) and non-rapid progressors
{(p=0.009). Retaining a good LIPI or experiencing a shift towards a better prognostic class was associated to improved 08
{(p=0.009) and PF5 (p=0.006). C2D1 LIFI1, but not C1D1, remained significantly associated to rapid PD in multivariable
analysis.

Condusions LIPI may improve patient selection for ICI and guide treatment adjustments according to on-treatment dynam-
iCs iN @ pancancer context.

Keywords LIPI score - Immune check-point inhibitors - Immunotherapy - Metastatic - Cancer

Introduction

Immunotherapy with immune check-point inhibitors (ICT)
has mepresented a major breakthrough for the treatment
of solid malignancies in the last decade. This therapeutic
approach unleashes a potent immune response against the
Co-last authors: Aleix Prat and France sco Schettini. tumor by interfering with the activity of key molecules
implied in the negative regulation of immune response [1].
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However, ICI treatment efficacy is extremely heterogene-
ous and unpredictable, not only across different cancer his-
tologies but also within a particular cancer type [2, 3]. Fur-
thermore, IC1s may lead to harmful and potentially lethal
immune-mediated side effects. Therefore, the identification
of proper biomarkers of response is crucial to improve thera-
peutic cutcomes, avoid unnecessary toxicities and optimize
respurces, since KCIs are considered an expensive treatment
that can yearly cost more than $100,000 per patient [4].
Unfortunatzly, few biomarkers have proved to be effective
for a proper patient selection and with several cancer-spe-
cific andfor technical-related limitations [5-7].

With the aim of characterizing clinical features, tissue-
based and blood-based biomarkers that could predict prog-
nosis and response to 1CI in a pancancer context, we carried
out the Bicimmunoblood prospective observational study
at the Clinical Trials Unit (CTU) of the Hospital Clinic of
Barcelona (HCB) [8]. In this report, we assessed clinical
outcomes in the entire study cohort, compared the most rel-
evant baseline prognostic scores developed for selecting or
stratifying candidates to ICI andfor phase I trial across dif-
ferent tumor types [9-18] to pick the best one in predicting
rapid progression to ICI, and further assess the contribution
of the most successful score™s early dynamics to detect rapid
progressors and improve patient selection for continuing
immune check-point inhibition.

Methods

Study design and participants

To participate in the Bioimmunoblood study, eligible
patients had an advanced solid cancer and a scheduled initia-
tion of an ICI-based treatment in a clinical trial. Full inclu-
sion/exclusion criteria were previously reporied [8]. Patients
were recruited between November 2016 and March 2022 and
followed-up until December 2023. We considered evaluable
for this analysis all participants treated with an ICI with
radiological data available for an independent assessment
of tumor responses according to the tumor type.

Procedures

A blood sample was collected from each patient at the first
day of cycle 1 (CID1} and 2 (C2D 1) prior to receive the
treatment and, subsequently, at each radiclogical evaluation
until progressive disease (PD) was determined [8]. For the
purpose of the present analysis only blood samples at C1D1
and C2D1 were interrogated. Blood chemistry tests were
carried out, including the evaluation of albumin, hemoglobin
{Hb), lactate dehydrogenase (LDH) and standard leukocyte
populations. The use of antibiotics (ATB ) and/or corticoids

) springer

during ICI was assessed. C1D1 samples were used for the
election of the best prognostic predictor among the most
commeonly used, namely the Lung Immune Prognostic Index
(LIPT), Royal Marsden Hospital (RMH), Princess Marga-
ret Hospital Index (PMHI), neutrophil-to-lymphocy te ratio
(MLR), derived NLR {dMLR), Phase I Prognostic Online
(PIPO) and Gustave Roussy Immune (GRIm) prognostic
scores [9-18]. C2D1 samples were also analyzed to assess
the best score’s dynamics between C1D1 and C2D1. Treat-
ment decisions were made outside of this study according
to trial protocol and investigators criteria as IC1-based treat-
ments were given as part of the clinical trials conducted at
the CTU of the HCB. All data were retrieved from electronic
patient charts.

Study endpoints and outcomes

Theme was no prespecified sample size because of the explor-
atory nature of this study. The clinical data cut-off was estab-
lished when a minimum follow-up including at least one
reassessment of the disease for every included patient was
reached.

The primary objective of this analysis was to provide an
extensive comparison of the prognostic scores in terms of
prediction of overall survival {03), progression-free survival
{PF3), overall response rates (ORR) and durable clinical
benefit (DCB) with ICI, and identify the best score pre-
dicting rapid PD to ICI. The key secondary objective was
a more refined assessment of the association between the
selected best score at C1D1 with O, PFS, ORR and DEC
by accounting for relevant confounding factors. Other sec-
ondary objectives were the assessment of the association
between the selected score at C2ZD1 with PFS and at C2D1
with OS, the evaluation of the best score’s category changes
from CID 1 to C2ZD1 as well as the evaluation of the associa-
tion of the best score’s dynamics with PFS and O5.

PFS was defined as the time from C1D1 to PD or death
from any cause, whichever occurred first. OS was defined as
the time from C1D1 to death from any cause. Rapid PD was
defined as PFS <4 months from ICI initiation. This cut-off
was determined by the study authors as the minimum clini-
cally acceptable benefit achievable with ICIs, taking into
account the balance between the potential treatment toxicity,
costs, potential need to detect pseudo-progressions and the
prognosis of advanced solid tumors [19]. The evaluation of
response was performed in accordance to RECIST 1.1 crite-
ria [20], or RANO criteria in the case of glioblastomas (GB)
[21]. Best overall responses (BOR) were classified as PD,
stable disease (SD), complete (CR) or partial esponse (PR)
by the same expert (Dr. Garcia-Corbacho). ORR included all
patients achieving CR or PR as BOR. DCB was defined as
absence of PD at 6 months [8]. The score selection process
and main study analyses are resumed in Fig. 1.

179



Cancer Immunology, Immunotherapy

{2025) 74:85

Page3of1s 85

Fig.1 Study description. AIC:
Akaike information crilerion;
AUC: ROC’s area under curve;
C: treatment cycle; D: day;
dNLR: derived NLR; GRIm:
Gustave Roussy Immune
prognostic scome; N: number

of patients; NLR: neutrophil-
to-lymphocyte ratio; LIPI:
Lung Immune Prognostic
Index; O8: overall survival;

PD: progression of the disease;
PFS: progression-free survival;
PMHI: Prince ss Marganet
Hospital Index; PIPO: Phase [
Prognostic Online; RMH: Royal
Marsden Hospital; ROC: recaiv
ing operator characteristics
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Statistical analysis

When approprizte, y*, Kruskal-Wallis and Wilcoxon rank-
sum tests, for unpaired variables, and McNemar and Wil-
coxon signed-rank tests, for paired variables, were used to
calculate differences between patients with different prog-
nostic score classes and rapid vs. non-rapid PD. Bivariate
logistic regression analyses were performed to estimate the
odds ratios (OR ) with their 95% confidence intervals (CI) to
investigate the association of the prognostic scores at C1D1
with rapid PD, ORR and DCB. Bivariate Cox proportional
hazard models including tumor type and each score at C1D 1
were used toestimate hazard ratios (HR ) with their 235 CI
toexplore associations with PFS and OS. Patients alive were
censored at the date of the last follow-up. Akaike informa-
tion criterion (AIC) was used to compare the goodness of fit
among multivariable regression models [22]. A difference of
more than 2 points between models was considered signifi-
cant, and the model with the lowest AIC was considered to
be the best [23]. Receiving operator characteristics (ROC)
curves and their area under curve (AUC) were then used for
each score to assess the capability of predicting rapid PD.
AUCs were then compared with the DeLong test. A fler iden-
tifying the score with the best performance on all endpoints
and the best capability of predicting rapid PD, Cox pro-
portional hazard models stratified for selected confounders
were then used to explore the association of the best scom
at C1D1, C2D1 and score dynamics between C1D1-CIDI
with PFS and OS (Supplementary methods). Multivariable
logistic regressions accounting for the same confounders
were carried out to assess the best score at C1DI1, C2D1
and C1D1-C2D 1 dynamics with rapid PD. The proportional
hazard assumption was properly checked [24] for both OS
and PFS (Supplementary Fig. 1). Survival curves were sti-
mated by the Kaplan-Meier method and differences between
curves were evaluated by the log-rank test. Landmark analy-
525 to assess 12-month and 24-month OS and PFS according
to the best score classes were conducted, as well. No impu-
tation was done for missing data. A two-sided alfa error of
0.05 was considered for statistical significance.

Al statistical analyses were carried out using R Studio
vers.1.0.153 (PBC, Boston, MA) and SPSS vers. 24.0 (IBM
SP35 Statistics, Armonk, NY: IBM Corp) for MacOSX.

Population characteristics, risk stratification
and outcomes

A total of 173 patients were included. Population demo-

graphics at baseline are reported in Table 1. The base-
line prognostic stratification provided by the selected

4 Springer

Table 1 Bioimmunoblood population charackeristics

Demographics Overall
N %
173 100.0

Age

Median 6d -
IR 56.8—T1.5 -
Hax.

Male 108 62.4
Female 65 ETR:)
D veraill 173 FLL R
EODG

-1 153 BE.4
=2 N 11.6
Dverail 173 1oo.o
Tumor type
Breast cancer 15 BT
Colorectal adenocarcinoma 33 19.1
NRALC 47 n2
Head and neck 10 58
Gynecologic tumors (Cervix, endometrinm, Q 52
OWATY )

Pancreas and biliary tract tumors 6 35
Esophageal and gastric carcinoma 9 52
Milanoma 9 52
Prostate adenocancinoma B 4.6
Renal cell carcinoma T 4.0
Urothelizl bladder cancer 6 35
Gliohlastoma B 4.6
Other* 6 35
Overall 173 1o0.a
Mumber of metastatic sites

<3 34 9.7
=3 139 B3
Dverall 173 FLL R
Metastatic involvement

Visoceral 139 B3
CNE§ 10 58
Dverall 173 FLL R
RT < 30 days from [Cl start

Yes 10 58
No 162 .2
Dverall 172 g4
Sysemic ATB < 30 days from [Cl start

Yes 9 52
No 164 LE
Overall 173 1oo.o
Sysemic ATE during ICT

Yes 53 36
No (1. 1] 69.4
Dverall 173 FLL R
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Table 1 (contimued)

Demographics Overall
N Ed

Systemic corticoseroids < 30 days from ICT start

Yes 13 133
Mo 150 B6.7
Dherall 173 100.0
Systemic corticosieroids during ICT

Yes &7 387
Mo 106 613
Overall 173 100.0
ICI treatment line

15t 46 26.6
Ind 54 312
= 3rd T3 422
Dherall 173 100.0
ICI type

Anti-PD1 131 757
Anti-PD-L1 32 18.5
Other 10 58
Dverall 173 100.0
Regimen fype

I'CT monotherapy 9 53.2
11 combination 36 X8
I'CT +other agent 45 26.0
Dherall 173 100.0
Previous immunotherapy in every setting

Yes 139 203
Mo k- 197
Dherall 173 100.0

P&: performance status; IR imterguartile range; NSCLC: non-small
cell lung cancer; ATH: antibiotics; RT: radiotherapy; CMNS: central
nervous system:; IC1: immune-checkpoint inhibitor. *: thymic carci-
noma, Merkel cell carcinoma, carcinomas of unknown primary site.
soft tisspe sarcomas, adrenal gland adenocarcinoma, hepatocanci
noma; # 2 patients received ICI in Ist or 2nd line, but the precise
information was not reported in oor reconds; §: excluding glioblasto-
mas

prognostic scores is reported in Fig. 2A. The proportion
of patients pertaining to the same prognostic category
according to the different predictors varied significantly
(p<0.001).

At a median follow-up of 38.3 months (95%CI
36.1-58.6), median PFS (mPFS) was 2.5 months (95%C1
2.0-3.7) and median O35 (m05) was 13.3 months (95%CI
9.9-17.4), with rapid PD or death <4 months from ICI
initiation observed in 60.7% (95%C1 53.0-68.0%) cases.
Objective responses were scarce, with an ORR of 16.8%
(95%CI 11.5-23.2%). Main outcomes are detailed in
Table 2.

Identification of the best score predicting PFS, 05,
ORR, DCB and rapid PD

We subdivided the study cohort into rapid progressors (RP)
(PFS < 4 months from ICI initiation) and non-rapid progres-
sors (NRP) (PFS > 4 months from ICT initiation). The groups
differed significantly in several baseline clinicopathological
factors, as reported in Table 3. We explored which was the
best prognostic predictor among LIPL, RMH, PMHI, NLR,
dNLR. PIPO and GRIm scores in terms of PFS and OS.
First, we removed from this analysis all patient with at least
one of the scores not assessable, in order to avoid a biased
comparison between scores due to their different popula-
tions. Following this selection we reached a total population
of 144 patients. We run multiple bivariate Cox regression
models each one including one of the scores as continuous or
categorical variable and tumor types. Only LIPI (p=0.001),
dNLE (p=0.024) and RMH (p=0.006) continuous scomes,
and LIPI {(p=0.002) and RMH (p=0.001) categorical scomes
were significantly associated to PFS, regardless of tumor
type (Supplementary Table 1). The best AIC was observed
for the model including continuous LIPI score (AIC:
108£5.70). Similar AIC was observed for the modals includ-
ing calegorical LIPI (AIC: 962.59) and RMH (AIC: 968.62).
LIFI {(p<0.001), NLR (p=0.025), dNLR {p <0.001), RMH
(p=0.005), GRIm (p=0.006) and PIPO (p=0.030} continu-
ous scores were significantly associated to OS independently
of tumor type. Similarly, LIPI (< 0.001), NLR (p=0023),
dNLR (p<0.001), RMH (p<0.001), PMHI (p=0.046) and
PIPO (p=0.033) categorical scores were significantly asso-
ciated to OS5 (Supplementary Table 1). The bivariate model
including LIPI showed the best AIC both for the continuous
(AIC: 961.12) and categorical (AIC: 962.59) score. No score
was significantly associated to ORR (not shown) and only
RMH was associated to DCE (adjusted OR [aOR] for high
scome vs. low: 0,34, 95%CI: 0.14-0.83, p=0.017).

W then assessed the association of all categorical scores
with rapid PD in bivariate logistic regression models includ-
ing tumor types. A significant and independent association
was observed with LIPI categorical score (p=0.003); spe-
cifically, the poor vs. good (aDR: 6.00, 95%Cl 1.47-24.53,
p=10.013) and the intermediate vs. the good categories
{a0R: 3.36, 93%CI 1.48-7.62, p=0.004), without signifi-
cant differences between the poor and intermediate score
categories (p=0.422). RMH categorical score was also asso-
ciated to rapid PD (20R : 2.88, 93%C1 1.29-6.46, p=0.010),
but the best AIC was observed for the LIPI score-containing
model (AIC: 192.69 and 189.31, respectively). All other
scores were not significantly associated to rapid PD (not
shown). All statistically significant models™ AIC for each
endpoint are reported in Supplementary results.

The majority of the scores were unable to predict rapid
PD at the ROC curve analysis, with an AUC ranging
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Fig.2 Prognostic stratification of Bioimmunoblood patients accord-
ing to different prognostic scoms and ROC curves of LIPI scome as
a predictor of rapid PD. A Prognostic stratification of study populs-
tion according to different prognostic scoms at baseline; B ROC
curve of the LIPI scome as a predictor of rapid PD:; C ROC curve of
the LIPI score as a predictor of rapid death, excloding disease pro-
gression without survival events. dMLR: derived MLRE ; GRIm: Gus
tave Roussy Immune prognostic scone LIPI: Long Immune Prognos-
tic Index; MLR: neatrophil-to-lymphocyte matio; PI): progression of
the disease; PIPO: Phase | Prognostic Online; PMHI: Princess Mar

0.51-0.60. LIPI score was the only one significantly able
to predict rapid PD, with satisfactory efficacy (AUC: 0.65,
93%C10.56-0.74, DeLong p<0.001) (Fig. ZB). The sensi-
tivity and specificity were 68.6% and 60.3%, respectively,
for a score class intermediate or poor to be able to detect
RP, meaning that out of 100 true RP, 69 could be correctly
identified and out of 100 NRP, 60 were correctly detected.
Motably, the performance of LIPI score improved when

£) Springer

Il

Sensitivity [TPR)

wa [ o . . 1a

1-5pecificity (FPR)

gamet Hospital Index; RMH: Royal Marsden Hospital; BOC: mecaiv-
ing operator characteristics. % weme calculated according to the total
number of patients with available parameters to assess each prognos-
tic score. Missing values for each score are reported in the in-figure
legend. *: for this analysis the intermediate prognostic group of the
LIPl and PIPO score was joined with the respective poor prognos-
tic group. #: for this analysis the intermediate prognostic group of the
LIPI and PIPO score was joinded with the respective good prognostic
group

early deaths were the only events considered (AUC: 0.69,
95%CI 0.56-0.82) (Fig. 2C).

Finally, we built a multivariable model to predict rapid
PD including LIP1 and RMH categorical scores and tumor
types. Only LIPI scor retained a significant association
with rapid PD (poor/intermediate vs. good scom category
a0R: 3.10, 95%CI 1.12-8.60 p=0.029).
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Table2 Activity and efficacy of ICI in the overall study population

Study population outcomes
P riwing N %
< 4 months from ICT start 105 60T
> 4 months from ICT start 63 393
Best response N %
Complete response 7 40
Partial msponse 2 127
Stable disease 59 341
Progressive diseasa 85 491
ORR % QIRCT
CR+PR 16.8 11.5%—23.2%
DCe % QIRCT
CR +PR+5D =6 months 301 2132%-369%
Median PFE {months ) N QIRCT
15 2037
Median OF (mowchs) N QIRCT
133 99174
12-month PFS N{%) QIRCT
32(18.3) 13.5%—25.3%
1 2-mionth OF N{%) QIRCT
828 (50.9) 45.0%—600%

I: confidence interval; CR: complete response; DCH: durable clini-
cal benefit; ICI: immune-checkpoint inhibitor; N: number; ORR:
overall esponse rate; PD: disease progression; PR : partial response;
PFS: progression-free survival; SO stable disease; OS5: overall sur
vival

Considering the globally superior performance of LIPI
scome in the previous assessments, it was ultimately selected
for further analyses of its dynamics and more refined study
of the associations with survival outcomes. To note, LIPI
score at Cl1D 1 was available for 162 (93.6%) patients. Base-
line clinicopathological features according to LIPI score
class are reported in Supplementary Table 2.

Assoclation between LIP1 at C1D1 and OS/PFS

CI1D1 LIPI score detected three categories of patients with
significantly different OS (p <0.001), where patients with
a poor (stratified HR [HR]: 2.74, 95%CI 1.56-4.80) and
intermediate score (HR,: 1.63, 95%CI 1.09-2.44) showed
significantly worse O3 than patients with a good score
(Fig. 3A) (stratified model’s AIC: T19.41). Similarly, LIPI
score was also prognostic in terms of PFS (p=0.013). At
CIDI, the poor/intermediate scores (HR @ 1.55, 95%CI
1.10-2.18) score were associated with worse PFS than the
good score (Fig. 3A) (stratified mode]’s AKC: 307.88). Land-
mark analyses of 12-month and 24-month OS and PFS pro-
vided consistent results (Supplementary Table 3).

Association between LIPI at CZD1 and O5/PFS

LIPI atC2D 1 was assessable for 1 14 (65.9%) patients. When
considering LIP1 score at C2D1 and stratifying also for LIPI
at C1D1, a global significant difference in OS between the
three score classes was observed (p=0.020) (stratified
madel’s AIC: 60.57). The intermediate (HR,: 8.34, 95%CI
1.03-67.42) and poor (HR,: 40.75, 95%CI 1.59-1045.04)
scores performed worse than the good (Fig. 3B). In terms
of PFS, the intermediate (HR;: 1.64, 95%CI 1.01-2.67) and
poor (HR,: 2.61, 95%CI 1.24-5.51) score classes showed
a significantly worse outcome than the good score class
{(p=0.020), stratifying also for baseline LIPI (Fig. 38) (strat-
ified model’s ATC: 453.49). Landmark analyses of 12-month
and 24-month OS and PFS provided consistent results (Sup-
plementary Table 3).

LIPI score dynamics and association with rapid PD,
05 and PFS

Paired LIPI scores at C1D1 and C2D1 were assessable for
113 (65.3%) patients. We explored potential LIPI score
changes from CIDI1 to C2D1. A significant number of
patients changed their LIPI class from C1D1 toC2D 1. Tt hap-
pened in the overall population (p<0.001), RP (p=0.029)
and NRP (p=0.009). Despite those changes, the propor-
tion of good, intermediate and poor classes between the two
timepoints remained similar (Fig. 44 ). When separating the
study population into RP vs. NRP, by taking into account all
patients (not only those with paired C1D1-C2D 1 samples),
we observed that NRP had 38 (60.3%) good, 19 {30.2%)
intermediate and 6 (9.5%) poor LIPI score class cases, as
compared to 35 (35.4%) good, 49 (49.5%) intermediate and
15 (15.1%) poor score cases in RP at CI1D] (p=10.008).
Conversely, no significant difference was observed at C2D1
{p=0.305). Similarly, when restricting the comparison only
to NRP and RP patients with paired LIPI score at C1D1 and
C2D1, a significantly higher proportion of LIPI good cases
for NRP vs. RP was still observed, with more intermediate/
poor cases in the RP group (p=0.026) and a similar propor-
tion of LIPI scome classes at C2ZD1 (p=0.238) (Fig. 4A).
Similarly to what previously done for LIPI at C1D1, we
built a bivariate logistic regression mode] adjusting for
tumor type, so to test the association of LIPI at C2D1 with
rapid PD. A significant association was observed, as well
{(p=0.049), especially for the poor vs. good score (a0OR:
9.91, 95%CI 1.58-62.04) and the poor vs. intermediate
(20R: 6.83, 93%CI 1.06-43.87). Other comparisons did not
reach statistical significance. A shift towards poorer score
classes or stability of the intermediate and poor classes was
not formally associated to rapid PD (OR: 2.28, p=0.096).
When assessing the association of rapid PD with either
LIPI at C1D1 or LIPI at C2D1 in a multivariable modal
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Td.}l.E] Bmelir!e Demographics Rapid progressors Non-rapid progre ssors P
clinicopathological featumes
according to rapid tumor N % N %
progression status 105 6.7 63 39.3

Age
Median 62.6 - 671 - 0030
IQR 54.2—69.0 - 605—TL6 -
Ser
Male 6l 58.1 A7 9.1 044
Female 44 419 21 ng
Dverall 105 100.0 63 1000
ECOG
-1 a4 9.5 59 B6.B 0.579
=12 11 10.5 a9 13.2
Dverall 105 100.0 68 1000
Turmar type
Breast cancer 12 114 3 44 0.031
Colomnectal adenocancinoma 3 219 10 147
NECLC n 210 25 36.8
Head and meck T 67 3 44
Gynecologic tumors (Cervix, endome- 5 4.8 4 59
trium, owary)
Pancreas and biliary tract tumors 4 3k 2 29
Esophageal and gastric carcinoma [ 57 3 44
Melanoma T 67 2 19
Prostate adenocarcinoma 1] [ B 11.8
Renal cell carcinoma 4 R 2 19
Urothelizl bladder cancer 5 48 2 19
Glioblastoma 1] 57 2 19
Orther* 4 38 2 19
Overall 105 100.0 68 1000
Number of mef asdaric sites
<3 11 X0 13 19.1 0_BET
=3 B4 200 55 BO9
Overall 105 100.0 68 1000
Metasaric invelverment
Visceral B6 219 53 e 05212
MNon-visoeral 19 18.1 15 1
Overall 105 100.0 68
CNS metastases 1] 6.l 4 6.l 1.000
Mo CMN5 metastases 93 939 62 79
Overall§ L] 943 L] 971
RT = 30 deys from ICT sarr
Yes 1] 58 4 59 0975
Mo 98 . ) 6 4.1
Overall 104 99.0 68 1000
Systemic ATB < 30 days from ICT sfarr
Yes 5 48 4 59 0.746
Mo 1060 952 6 4.1
Overall 105 100.0 68 1000
4) Springer
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Table 2 (contimed)

Demographics Rapid progressors MNon-rapid progre ssors P
N % N %
105 607 68 393
Systemiic ATB dwring FCT
Yes M 9 9 426 0.006
MNo ]| T 39 574
Overall 105 1000 68 1000
Sysemic corficostersids < 30 days from FCT starr
Tes 13 124 10 147 Q660
MNo o2 g6 58 B5.3
Dverall 105 100.0 68 1000
5 y.d'eﬂlfc corficosteroids dl.l.riﬂg Icr
Tes 28 267 9 574 < (LD}
MNo ™ 733 19 426
Dverall 105 100.0 68 1000
ICT treatment line
Ist 21 0.0 15 36.8 0.4
nd 33 314 0 94
=3rd 51 48.6 13 338
Dverall 105 100.0 68 1000
ICT rype
Anti-PD1 T8 TS 54 To4 L4
Anti-PD-L1 18 171 14 .6
Other 9 86 1] oo
Dverall 105 100.0 68 1000
Regimen {ype
ICT monotherapy 54 514 3B 55.9 03
ICI combination 28 267 B 1.8
ICI+ other agent n 219 2 324
Dverall 105 100.0 68 1000
Previmis immunotherapy
Tes &1 T 58 B5.3 0_1EE
Mo 24 29 10 147
Dverall 105 100.0 68 1000

ICT: immune-checkpoint inhibitors; ATHE: antibiotics; MSCLC: non-small cell lung cancer; CNS: central
mervous sysiem; IQR: interquartile range. *thymic carcinoma, Merkel cell carcinoma, COD, 5TS, adrenal
gland adenocarcinoma, hepatocarcinoma: §: excluding glioblastomas; #: chi-sguare for varisble dichobo-

mized in 15t and > 2nd line

accounting for all clinicopathological features differently
distribuied between RP and NRP (Table 3), as well as EOOG
performance status (P5), LIPI at C1D1 was no longer asso-
ciated (p=10.593) whereas LIPI at C2D 1 was. More spe-
cifically, the poor score vs. the good (OR ; 6.95, 95%CI
1.19-40.51, p=0.031) or intermediate (OR ;: 9.63, 95%C1
1.47-63.22, p=0.018) scores retained a strong significant
association with rapid PD, independently of baseline LIPI,
age, tumor fype, treatment line at which the ICI was deliv-
ered, ICI egimen type, the ICI target and the use of sysiemic
ATE or corticosteroids during ICI treatment and ECOG.
In addition, the multivariable mode] including both LIPT at

CID1 and C2D1 presented an AIC of 135,16, similar to the
ATC of 133.07 exhibited by the model including only LIPI at
CID1 (not shown), while the model including only LIPI at
C1D1 (not shown) showed an AIC of 191.65, supporting the
value of assessing early LIPI dynamics to predict rapid PD.

In terms of prognosis, retaining a good prognostic score
class between the C1D1 and C2D1 or experiencing a down-
staging from poor to intermediate or good, or from interme-
diate to good was associaied to significantly better OS (HR,:
1.90, 95%CI 1.17-3.09, p=0.009) than remaining in the
same intermediate or poor class or experiencing an upstag-
ing (Fig. 4B and Supplementary Fig. 2) (stratified model’s
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Fig.3 Kaplan-Meier curves of 08 and PFS according to LIPI scome
at C1D1 and CZD]. A OS5 and PFS curves of LIPI at C1D1; B O8
and PFS curves of LIPI at CZD1. C1 confidence interval; C: cycle; D:

AIC: 394.08). Consisiently, in terms of PFS, those retaining
a good prognostic score class betwesn CID 1 and C2D1 or
experiencing a downstaging experienced significantly better
outcomes than all other cases (HR,: 1.86, 95%CI 1.18-2.92,
p=0.006) (Fig. 4B and Supplementary Fig. 2) (stratified
model’s AIC: 452.14). We checked also if numerical score
variations between the first two ICI treatment cycles, without
considering the score class, could impact on prognosis. We
did not observe any meaningful difference in PFS or O3
(not shown).

Discussion

In this prospective cohort of patients with advanced solid
tumors treated with ICT in a clinical trial at our Institution,
almost 61% of patients progressed or died within 4 months
from ICT initiation, with roughly 17% achieving an objec-
tive response and 18% completed at least one year on IC1
treatment. These findings are in line with current evidence

) Springer

day; Int: LIPI scomre intermediate class; m: median; O5: overall sur-
vival; PF5: progression-free survival. Good. Intermediate and Poor
am eferred to LIPI scone classes

about immunotherapy outcomes [25, 26]. Several prognostic
scores have been developed to improve ICT and/for phase 1
clinical trial candidaies selaction [9—18]. Nevertheless, these
scores’ capability of detecting rapid PD under ICI has not
been tested and they have never been directly compared to
predict objective responses and prognosis. Here, we per-
formed a direct comparison of the most common scores in
terms of PFS, 05, ORR, DCE and assessed the best predic-
tor of a meaningful clinical benefit with ICI, considersd to
be a progression-free interval of more than 4 months. LIP1
proved to be the best prognostic score, with the best per-
formance in the identification of rapid progressions, with
a solid association with OS5 and PFS beyond tumor type
and relevant clinical features. In addition, LIP1 score early
dynamics betwezn C1D1 and C2D1 were investigated and
seemed to help improving prognostic prediction in terms
of both PFS and OS beyond baseline score. Interestingly,
the dNLR at baseling combined with its determination at
C2D1 improved prediction of ICI outcomes in the con-
text of advanced NSCLC, further suggesting that the early
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Fig.4 LIPI scome early dynamics and association with survival oot
comes. A LIPI score distribution at C 101 and C2D1 and dynamics. B
(05 and PFS curves of LIPI dynamics between C1D1 and C2D1. CI:
confidence interval; Int: LIPI score imermediate class; m: median;
MRP: non-mpid progressors; 035 overall survival; PD: progression
of the disease; PFS: progression-free survival, P': pvalues for the
cohort with available C1D1 and C2ZD1 paired samples; Py p values

assessment of inflammatory biomarker dynamics can be a
valuable prognostic tool beyond baseline determination [27].

At present, only PD-L1 positivity, high microsatellite
instability (MSI-H}mismatch repair deficiency (dMMR)
and high tumor mutational burden (TMB-H) are clinically-
approved biomarkers for ICI patient selection [5-7]. How-
ever, all of these biomarkers present several limitations,
including low frequency [28], heterogeneity among cancer
types [6, 20-31] and costs. Other immunohistochemical or
transcriptomic-based biomarkers are currently under imvesti-
gation by our group and others (e.g. PD1 mRNA levels, IGG

100 = Snabie Sand o dewraRERE
Seable itPaar or usrtagieg

Samie P upeteging S5 LB S50 §.1-3.4) maathe
niy e ehang FEFE 0D 19-48) s

PFS prosaiiity

Furstad il ik
- N P @ 18 15 & 12? % T 4 3 3 3 3T 7

4 14 & ¥ 2 F 4 41 1 49 1 1 1 1 1 1

for the total cohort with LIPI scores available at C1D1 andfor C2D1;
RP: rapid progressors; #: p values from )’_Itests comparing LIPI good
w5 LIPI intermediagte/poor between BP and NRP; &p values from
f tests comparing LIPT good vs. intermediate vs. poor between RP
and MRP; *p values from McMemar fests to assess LIPI dynamics
in paired samples. Good, Intermediate and Poor are referred to LIPT
scome classes

signature, tumor-infiltrating ymphocytes, tertiary lymphoid
structures, LORIS) [8, 32-39]. Nonetheless, they are still far
from reaching the clinical practice scenario. In this context,
LIPI score emerges as a cheap and easy-to-detect blood-
based biomarker which effectively stratified patients in three
prognostic groups, independently of main clinicopathologi-
cal factors. This score, assessed by detecting blood levels of
LDH and dNLR {absolute neutrophil countTwhite blood cell
concentration — absolute neutrophil count]) [16], ccounts
for peripheral pro-inflammatory status[40—42], a known
poor prognostic factor in patients with cancer [42, 43].
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Higher categories of LIPI score are the reflection of higher
LDH and dNLR blood levels, suggesting more peripheral
chronic inflammation. Our experience is coherent with the
results of a large meta-analysis involving almost 10,000
patients in 35 studies, where LIPI score robustly stratified
patients receiving ICI into three groups with different sur-
vival outcomes [44].

Focusing on rapid progressions, we considered 4 months
as an acceptable cut-off to detect a minimum clinically
meaningful benefit by ICI treatment, taking into account the
need for radiologic re-assessments for pseudo-progressions,
toxicity, costs and life expectancy of these pretreated popu-
lation (40% received the ICI in = 3rd line and several prog-
nostically unfavorable cancers included). LIPI score, with a
sensitivity of 68.6%, was reasonably good at detecting RP,
differently from all other tested scores, also independently
of cancer type and relevant clinical factors differentially
distributed between RP and NRP. as well as ECOG PS. To
note, when accounting for the same clinical factors along
with baseline LIPL, LIPI at C2D1 showed a strong and inde-
pendent prediction of rapid PD beyond the baseline score,
especially for what concerns the poor score category. In fact,
apoor LIPT at C2D1 was associated to an 395% and a 863%
increase in the odds of achieving rapid PD in comparison to
a good or intermediate score. Furthermore, when stratify-
ing for relevant clinical factors and LIPI score at C1D 1, the
Cox model including C2D1 showed a higher goodness of fit
than the stratified Cox model including only baseline LIPI,
suggesting a more refined prognostic accuracy, as also sup-
ported by landmark analysis of 12- and 24-month PFS/0S.

From a biological perspective, a downstaging in LIPI
scome category might be related to either a rduction in LDH
and/or dNLR., which is associated to a lowering of neutro-
phils and/or an increase in lymphocytes levels. On one hand,
LDH has been classically linked to tumor burden and can-
cer metabolism, but important immunosuppressive effects
were also described in more recent years [45, 46]. Thus, its
reduction might both directly reflect tumor response to treat-
ment, as well as a reduction in immunosuppression, favoring
response to ICI. On the other hand dNLR reduction due to
Iymphocytes increase suggests an effective ICI-promoted
activation of adaptive immune response against the tumor
[47]. This combination of factors could thus explain not only
the baseline prognostic role of the score, but also the asso-
ciation of its dynamics and levels at C2D1 with better long-
term outcomes and less rapid progressions. Importantly,
when we assessed the prognostic impact of score dynam-
ics by considering the numerical variations instead of LIPI
scome class change, we did not detect any meaningful impact
on prognosis. This leads to the conclusion that it is more
about “quality over quantity”, meaning that the numerical
change is not impactful in itself. Rather, it is the change in
the score class that matters.

4] Springer

Our study is not exempt from limitations. First, missing
hematologic parameters, especially LDH at C2D 1, reduced
the number of patients that could be tested for paired analy-
ses, as well as the number of overall patients included in the
multivariable and stratified regression models accounting
for both LIPT at C1D1 and C2D1. We had no possibility of
thoroughly assessing molecular features of included tumors
and PD-L1 status was mostly unknown. However, most
patients were treated in a = 2nd-line setting and in tumors
inwhich PD-L1 status was not mandatory for prescribing
the therapy in Europe. Also, the kind of ICI was decided in
sponsored trials. Additionally, being a single-center study,
our findings require validation in an external cohort. Finally,
some patients from the poor LIPI group achieved clinical
benefit, possibly because automated neutrophil counts do
not discriminate between the different subpopulations of
neutrophils that could have protumor or antitumor functions
[16, 48, 49]. Besides these limitations, our study confirms
the effective prognostic role of baseline LIPI in ICI-treated
patients in a pancancer context. LIPT might be especially
useful to detect patients more or less likely to derive a clini-
cally meaningful benafit from ICI, potentially serving either
as a critical stratification factor or as an inclusion/exclusion
criteria in ICI trials and with very limited costs; though fur-
ther improvements in this research area are advisable. More-
over, early dynamics between C1D1 and C2D1 were able
to identify patients with more favorable outcomes beyond
baseline score. As far as we are concerned, this is the first
study assessing LIPI score early dynamics and its associa-
tion with survival. Only another study assessed LIPT dynam-
ics, but evaluated the association with side effects and was
exclusively conducted in a cohort of patients with NSCLC
[50]. Another study from Mezguita et al. was only focusad
on dNLR, score dynamics were assessed differently, and the
setting was restricted to NSCLC [27].These results merit
further validation, as LIPI dynamics might become a use-
ful inexpensive on-treatment tool to identify patients either
benefiting from continuing immune-checkpoint inhibition or
candidates to escalated or aliernative therapeutic strategies
in the context of adequately designed clinical trials.
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