N
N

N

HAL

open science

Pan-cancer evaluation of tumor-infiltrating lymphocytes

and programmed cell death protein ligand-1 in

metastatic biopsies and matched primary tumors
Zakhia El Beaino, Laétitia Fuhrmann, Charlotte Martinat, Anne

Vincent-Salomon, Célia Dupain, Grégoire Marret, Maral Halladjian,

Christophe Le Tourneau, Maud Kamal, Xavier Paoletti, et al.

» To cite this version:

Zakhia El Beaino, Laétitia Fuhrmann, Charlotte Martinat, Anne Vincent-Salomon, Célia Dupain,
et al.. Pan-cancer evaluation of tumor-infiltrating lymphocytes and programmed cell death pro-
tein ligand-1 in metastatic biopsies and matched primary tumors.

10.1002/path.6334 . hal-04687380

HAL Id: hal-04687380
https://hal.science/hal-04687380v1

Submitted on 24 Sep 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Journal of Pathology, 2024,


https://hal.science/hal-04687380v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

Journal of Pathology

J Pathol October 2024; 264: 186196

Published online 29 July 2024 in Wiley Online Library
(wileyonlinelibrary.com) Dol: 10.1002/path.6334

'l) Check for updates

ORIGINAL ARTICLE

Pan-cancer evaluation of tumor-infiltrating lymphocytes
and programmed cell death protein ligand-1 in metastatic
biopsies and matched primary tumors

Zakhia El Beaino' ", Célia Dupain®, Grégoire Marret’, Xavier Paoletti**, Laétitia Fuhrmann', Charlotte Martinat',
Yves Allory5 , Maral Halladjianz, lvan Bieche®’?, Christophe Le Tourmneau”*’, Maud Kamal*'® and

- e
Anne Vincent-Salomon

INSERM U900 Research Unit, Institut Curie, Saint-Cloud, France
Department of Biostatistics, Institut Curie, Paris, France

Department of Genetics, Institut Curie, Paris, France
INSERM U101 6 Research Unit, Paris, France

V0 N o N W N —

Paris-Saclay University, Paris, France

Department of Pathology, Institut Curie, PSL Research University, Paris, France
Department of Drug Development and Innovation (D3i), Institut Curie, Paris, France

Department of Pathology, Institut Curie, Saint-Cloud, Versailles Saint-Quentin University, Paris-Saclay, France

Faculty of Pharmaceutical and Biological Sciences, Paris-Cité University, Paris, France

*Correspondence to: A Vincent-Salomon, Department of Pathology, Institut Curie, PSL Research University, 26 rue dUlm, 75005 Paris, France.

E-mail: anne.salomon@curie.fr.

"These authors contributed equally.

Abstract

Tumor immunological characterization includes evaluation of tumor-infiltrating lymphocytes (TILs) and
programmed cell death protein ligand-1 (PD-L1) expression. This study investigated TIL distribution, its prognostic
value, and PD-L1 expression in metastatic and matched primary tumors (PTs). Specimens from 550 pan-cancer
patients of the SHIVAO1 trial (NCTO1771458) with available metastatic biopsy and 111 matched PTs were evaluated
for TILs and PD-L1. Combined positive score (CPS), tumor proportion score (TPS), and immune cell (IC) score were
determined. TILs and PD-L1 were assessed according to PT organ of origin, histological subtype, and metastatic
biopsy site. We found that TIL distribution in metastases did not vary according to PT organ of origin, histological
subtype, or metastatic biopsy site, with a median of 10% (range: 0-70). TILs were decreased in metastases compared
to PT (20% [5-60] versus 10% [0-40], p < 0.0001). CPS varied according to histological subtype (p = 0.02) and
biopsy site (p < 0.02). TPS varied according to PT organ of origin (p = 0.003), histological subtype (p = 0.0004),
and metastatic biopsy site (p = 0.00004). TPS was higher in metastases than in PT (p < 0.0001). TILs in metastases
did not correlate with overall survival. In conclusion, metastases harbored fewer TILs than matched PT, regardless of
PT organ of origin, histological subtype, and metastatic biopsy site. PD-L1 expression increased with disease
progression.

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd on behalf of The Pathological Society of Great

Britain and Ireland.
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Introduction

Tumors can escape immunosurveillance by increasing
signaling through co-inhibitory receptors or immune
checkpoint proteins on T cells. These include pro-
grammed cell death protein-1 (PD-1) and cytotoxic
T-lymphocyte antigen-4 (CTLA-4) [1]. Immune
checkpoint inhibitors (ICIs), such as CTLA-4, PD-1,
and programmed cell death protein ligand-1 (PD-L1)
inhibitors, have positively impacted cancer treatment

and improved patient survival in different cancer
types [2-5].

PD-L1 expression assessed by immunohistochemistry
(IHC) was one of the first biomarkers to be used in routine
clinical practice for ICI treatment [6]. Several scoring
systems evaluating various tumor and immunological cel-
lular compartments have been developed for quantifying
PD-L1 expression, including the tumor proportion score
(TPS) [7], the combined positive score (CPS) [8], and the
immune cell (IC) score [9]. Meanwhile, specific
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recommendations for PD-L1 evaluation have been
defined according to the different tumor types based on
the organ of origin [10]. Further research is under way
focusing on the development of algorithms and artificial
intelligence to be proficiently incorporated into daily
diagnostic workflow so as to assist pathologists in rou-
tinely scoring PD-L1 according to cancer type [11,12].

While the US Food and Drug Administration (FDA)
has approved several companion IHC assays for PD-L1
depending on the type of ICI, PD-L1 IHC 22C3 pharmDx
is currently the most widely used for many tumor
types [10]. PD-L1 IHC expression has become a selection
criterion for some ICls, such as pembrolizumab. PD-L1
IHC status is today a predictive biomarker, for which
evidence and protocols are already available for many
tumors [10]. Nevertheless, PD-L1 remains an imperfect
biomarker, as responses to ICIs are also observed in
PD-L1-low or -negative patients. On the other hand,
the assessment of immune infiltrate in tumors, most
commonly referred to as tumor-infiltrating lymphocytes
(TILs), is gaining importance in the current quest for
optimal biomarkers to select patients with the highest
likelihood of responding to immunotherapeutic agents [ 13].
TIL assessment has more recently been suggested as a
biomarker to be included in routine histopathology
reporting [14,15]. Thus, immunological categorizations
of tumors and their microenvironments based on com-
bined PD-L1 expression and TIL determination have
been proposed [16,17].

Other biomarkers of ICI efficacy have been identified,
namely microsatellite instability (MSI) [18,19], which is
caused by defects in mismatch repair genes (MSH2,
MLHI, MSH6, or PMS2) and leads to increased
mismatch errors [20-22]. POLE pathogenic mutations
resulting in ultramutated genomes were also shown to
predict response to ICIs [1,18,19]. Finally, tuamor muta-
tional burden (TMB), defined as the total number of
nucleotide variants per megabase (Mb), was shown
to be correlated with pembrolizumab efficacy [23].
However, MSI and POLE-mutated tumors remain rare,
and the lack of harmonized methods for calculating
TMB and robust cut-offs limits its use as a biomarker
in clinical practice.

The immunological microenvironment exhibits vari-
ations in histological subtypes of cancers from the same
primary organ (organ of origin), e.g. in gastric cancer,
with different immune contextures and PD-L1 exp-
ression patterns described according to the tumor
subtypes [24].

These immunological variations are currently desc-
ribed in primary tumors (PTs), but to our knowledge,
sufficient data are still lacking in the literature regarding
the evaluation of the immunological microenvironment
in pan-cancer metastatic tumors of different histologies
[13,25-27].

Based on these observations, the objectives of this
study were as follows: (1) to describe the distribution
of TILs and PD-L1 in metastatic samples across different
organs of origin and histological subtypes, (2) to
compare TIL distribution and PD-L1 expression in

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd
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matched primary and metastatic tumors, and (3) to corre-
late TILs with patient outcomes. To this end, matched
pan-cancer metastatic and primary solid tumors from
patients included in the SHIVAO1 trial (NCT01771458)
were used for a combined evaluation of TILs and PD-L1
by IHC.

Materials and methods

Patient selection

Samples of 550 patients from the SHIVAOQI1 clinical trial
(NCTO01771458) were used for this study [28,29]. All
patients were included after written informed consent
was obtained.

In addition, we collected 111 samples of PT matched
with the respective metastatic samples from SHIVAO1
(Figure 1). Matched PT samples were whole-tissue sam-
ples from surgical resection specimens (n = 95/111;
86%) and biopsies (n = 16/111; 14%).

Hematoxylin and eosin-stained (HES) slides and TIL
evaluation

All 550 metastatic patient samples were centralized at
the Institut Curie, Paris, France, as part of the SHIVAO1
trial and preserved under optimal tissue banking
conditions.

Stromal TILs were reported as a percentage according
to the recommendations of the International TILs
Working Group [30] (see Supplementary materials and
methods).

The 111 matched PT samples were assessed in the
same manner.

IHC and PD-L1 evaluation

IHC staining was carried out on 4-pm-thick sections
using an Autostainer Plus (Agilent Technologies, Inc.,
Santa Clara, CA, USA) with appropriate positive con-
trols (Supplementary materials and methods).

For the CPS, clinically relevant cut-offs of 0, >1-<10,
>10—<20, and >20 were used [10,31,32]. For the TPS,
three cut-offs of 0, >1, and >50 were used [10,31,33]. No
cut-off was used for the IC score.

Statistics

All statistical tests used for TIL and PD-L.1 comparative
studies are detailed in Supplementary materials and
methods.

Correlations with patient outcome

Overall survival (OS) outcomes were recorded for
513/550 patients. OS was measured from the date of
entry into the trial until death. OS was estimated using
the Kaplan—-Meier method. Participants without any
event were censored for survival analyses.

] Pathol 2024; 264: 186196
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Organ of origin of
primary tumor
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[0-70]

Gastrointestinal (n = 145)

Colorectal (n = 59) 10% [0-40] Head & Neck (n=51) _
Pancreatic adenocarcinoma (n = 38) 10% [0-25] HNSCC (n=23) 10% [2-30]
HCC (n = 17) 10% [2-20] Salivary gland tumor (n = 20) 10% [0-15]
Oesogastric adenocarcinoma (n = 16) 10% [1-45] Thyroid (n=4) 10% [0—15]
Anal SCC (n = 8) 5% [1-15] UCNT (n=4) 10% [5_30]
Oesogastric SCC (n = 4) 13% [1-25]
Neuroendocrine tumor (n = 3) 5% [2—10] Thoracic (n = 78) _

Skin (n =10)
Melanoma (n = 6)

10% [1-25]

Merkel cell carcinoma (n = 2)

10% [10-10]

SCC(n=1)

10%

Trichoblastic carcinoma (n =1)

5%

Soft Tissue Sarcoma (n = 32)

Other (n=4)

Peritoneum (n=1)

5%

Neuroendocrine tumor (n=1)
Meningioma (n=1)

5%
10%

Myxopapillary ependymoma (n=1)

20%

CUP (n=19)
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Organ of origin of
primary tumor

Eye (n=8)

Median no. TILs
[0-70]

Uveal melanoma (n =7)
Ocular adenocarcinoma (n =1)

10% [2-10]
25%

Lung (n=72) 10% [0-60]
Pleura (n=3) 10%
Thymus (n=2) 6% [1-10]

Mediastinum (n=1)

15%

Genitourinary (n =29)

Urothelial (n =19) 10% [1-35]
Kidney cancer (n = 6) 10% [2-15]
Penile SCC (n=2) 7.5% [5-10]

Adrenocortical carcinoma (n=1)

25%

Prostate adenocarcinoma (n=1)

10%

Gynecology (n=101)

Ovary (n =58) 10% [0-60]

Cervix (n=22) 10% [1-35]

Uterus (n =19) 10% [0-30]
Pelvis (n =1) 10%
Vulva (n=1) 10%

Figure 1. Median distribution of TILs in metastases according to primary tumor organ of origin. Maximum and minimum ranges are given as
percentage indicated in brackets. Royalty-free image taken from the PNGTree website. CUP, cancer of unknown primary origin; HCC,
hepatocellular carcinoma; HNSCC, head and neck squamous cell carcinoma; SCC, squamous cell carcinoma; UCNT, undifferentiated
carcinoma of the nasopharyngeal type. Image figure created with BioRender.com

Multivariate analyses and univariate hazard ratios
(HRs) for comparisons of covariates were generated by
Cox proportional hazards regression analysis.

TILs were measured as a percentage and then
converted to a categorical variable, i.e. TILs <10% and
TILs 210%.

Median follow-up was estimated using the reverse
Kaplan—Meier method for censored times. Survival
curves were generated using Kaplan—Meier estimates
and compared with the log-rank test. Qualitative changes
between matched PT and metastases in TILs and IC
score were characterized, and related subgroups were
compared for survival. All tests were two-sided, with
the level of significance set at p < 0.05.

Results

Patient characteristics

TIL assessment was available for 550 metastatic biop-
sies (100%) and 111 matched PT (20%). Overall, 494 out
of 550 metastatic tumors (90%) and 77 matched PTs (16%)
were evaluated for PD-L1 by IHC (supplementary
material, Figure S1). The main PT organs of origin and
histological types are summarized in Figure 1 and sup-
plementary material, Table S1.

Metastatic tumors in different anatomical sites were
subdivided into six groups (supplementary material,

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd
on behalf of The Pathological Society of Great Britain and Ireland. www.pathsoc.org

Figure S2), including liver biopsies (TILs: n = 179/550;
33%; PD-L1: n = 162/494; 33%), lung biopsies (TILs:
n = 96/550; 18%; PD-L1: n = 84/494; 17%), lymph node
biopsies (TILs: n = 88/550; 16%; PD-L1: n = 78/494,
16%), cutaneous biopsies (TILs: n = 53/550; 9.6%;
PD-L1: n =49/494; 10%), other biopsies (TILs:
n = 133/550; 24%; PD-L1: n = 120/494; 24%), and
brain biopsy (TILs: n = 1/550; 0.2%; PD-L1:
n = 1/494; 0.2%) (supplementary material, Table S1).

Evaluation of TILs in metastatic biopsies

Median TIL proportion in metastatic biopsies was 10%
(range: 0-70) (Figure 1). Distribution of TILs according
to PT organs of origin, histological types, and metastatic
biopsy sites is summarized in Figure 2. There was no
significant association between TILs and the PT organs
of origin (p = 0.6), histological types (p = 0.8), and
metastatic biopsy sites (p = 0.07).

Evaluation of TILs in matched primary and metastatic
tumors

Mean TIL proportion was significantly higher in PTs
than in matched metastases (mean [range]: 20.8%
[18.7-22.9%] versus 11.6% [9.9-13.4%]; p < 0.0001)
(Figures 3 and 4A). When focusing on the PT organs of
origin, mean TIL proportion in primary breast and gyne-
cological tumors was significantly higher than in

J Pathol 2024; 264: 186196
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Figure 2. Distribution of TILs in metastases by (A) organ of origin, (B) histological type, and (C) metastatic biopsy site. Data are presented as
continuous variables (box and whisker plots, with bars corresponding to min and max values). A Kruskal-Wallis test followed by Dunn's test
was used to compare the percentage of TILs within each group. No significant difference was found. ADK, adenocarcinoma; CUP, cancer of
unknown primary origin; Gl, gastrointestinal; GU, genitourinary; GYNE, gynecological; SCC, squamous cell carcinoma; TIL, tumor-infiltrating

lymphocyte.

matched metastases (20% [5-40%] versus 10% [0-25%];
p <0.001) (Figure 3B). Regarding histological types,
mean TIL proportion in adenocarcinoma (ADK) was
significantly higher in PTs than in matched metastases
(19.9% [5-45%] versus 9.8% [1-40%]; p < 0.0001)
(Figure 3C). According to the different metastatic biopsy
sites, there was no significant difference in mean TIL
proportion between PT and matched metastases
(Figure 3D).

Evaluation of PD-L1 expression in metastatic
biopsies

The CPS, TPS, and IC score of PD-L1 expression were
assessed either as continuous variables or as cut-off
categories, according to PT organs of origin, histological
types, and metastatic biopsy sites (Figure 4 and
supplementary material, Figures S3-S5).

Positive PD-L1 expression (i.e. CPS >0) was found in
321 out of 494 patients (65%). CPS 0, 21-<10, >10—<20,
and >20 were observed in 173 (35%), 180 (36%),
39 (8%), and 102 patients (21%), respectively (supplemen-
tary material, Table S2).

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd
on behalf of The Pathological Society of Great Britain and Ireland. www.pathsoc.org

Based on guidelines and recent literature on PD-L1
expression, PD-L1 expression was assessed using a CPS
cut-off of 210, thus encompassing all possible situations
and indications [10,27].

A CPS =10 was found in breast (n = 19/60; 32%),
genitourinary (GU) (n = 8/29; 28%), eye (n = 3/7;
43%), carcinoma of unknown primary origin (CUP)
(n =8/19; 42%), head and neck (n = 19/43; 44%),
gynecological (GYNE) (n = 34/93; 37%), thoracic
(n = 22/69; 32%), gastrointestinal (GI) (n = 25/131;
19%), and soft-tissue (n=3/29; 10%) cancers
(Figure 4A and supplementary material, Table S2). A
significant association was observed between organs of
origin and a CPS 210 or <10 (p = 0.002).

A CPS 210 was found in metastases arising from
squamous cell carcinoma (SCC) (n = 31/66; 47%),
CUP (n = 8/19; 42%), other histological types (n = 4/11;
36%), urothelial (n = 6/19; 32%), neuroendocrine
(n = 5/17; 29%), melanoma (n = 3/12; 25%), ADK
(n = 82/322; 26%), and sarcoma histological types
(n = 2/28; 7%) (Figure 4B and supplementary material,
Table S2). A significant association was observed
between histological types and a CPS 210 or <10
(p = 0.003).

] Pathol 2024; 264: 186196
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Figure 3. Comparison of TIL distribution (A) in all matched primary and metastatic tumors and by (B) organ of origin, (C) histological subtype,
and (D) metastatic biopsy site of metastasis. Data are presented as continuous variables (box and whisker plots, bars corresponding to min and
max values). Paired t-tests were used to compare percentage of TILs within primary tumors and metastases. Multiple t-test was used to
compare percentage of TILs within primary tumors and metastases and according to the different groups. **p < 0.001; **p < 0.0001. ADK,
adenocarcinoma; Gl, gastrointestinal; GU, genitourinary; GYNE, gynecological; SCC, squamous cell carcinoma; TIL, tumor-infiltrating

lymphocyte.

A CPS 210 was found in metastases arising from skin
biopsies (n = 16/49; 33%), lymph node biopsies
(n = 36/78; 46%), other biopsies (n = 31/120; 26%),
liver biopsies (n =39/162; 24%), and lung biop-
sies (n = 19/84; 23%) (Figure 4C and supplementary
material, Table S2). A significant association was
observed between metastatic biopsy sites and a CPS
>10 or <10 (p = 0.003).

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd
on behalf of The Pathological Society of Great Britain and Ireland. www.pathsoc.org

Using clinically relevant cut-offs in head and neck
SCC, CPS =1 and CPS >20 were found in 15 and
14 out of 43 head and neck metastases, respectively
(35 and 33%, respectively) (Figure 4A and supplemen-
tary material, Table S2).

TPS >21% and TPS >50% were analyzed in
CUP (n=12/19; 63% versus n=0/19; 0%),
breast (n = 29/60; 48.3% versus n = 3/60; 5%),

J Pathol 2024; 264: 186196
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Figure 4. Distribution of PD-L1 expression in metastases based on CPS by (A) organ of origin, (B) histological type, and (C) metastatic biopsy
site and based on TPS by (D) organ of origin, (E) histological type, and (F) metastatic biopsy site. PD-L1 expression is represented by the
combined positive score (CPS). Data are presented as proportion of samples. Distribution of CPS classes by organ of origin: p = 0.02;
distribution of CPS classes by histological type: p = 0.02; distribution of CPS classes by biopsy site: p = 0.002. Distribution of TPS classes by
organ of origin: p = 0.003; distribution of TPS classes by histological type: p = 0.0004; distribution of TPS classes by biopsy sites: p = 0.01.
ADK, adenocarcinoma; CNS, central nervous system; CPS, combined positive score; CUP, cancer of unknown primary origin; Gl, gastrointes-

tinal; GU, genitourinary; GYNE, gynecological; SCC, squamous cell carcinoma; TPS, tumor proportion score.

GYNE (n = 44/93; 47.3% versus n = 70/93; 75%),
and thoracic tumors (n = 23/69; 33.3% versus
n = 9/69; 13%) (Figure 4D). A significant association
was found between organs of origin and a TPS >1% or
250% (p = 0.003, Figure 4D).

The proportions of samples with a TPS >1% and
>50% were highest in SCC (n = 29/66; 43.9% and
n = 10/66; 15.2%, respectively) and ADK (n = 121/322;
37.6% and n = 17/322; 5.3%). There was an association
between the histological subtypes and a TPS 21% or 250%
(p = 0.0004) (Figure 4E).

The proportions of samples with a TPS 21% and
>50% were highest in skin biopsies (n = 26/49; 53.1%
and n = 3/49; 6.1%, respectively) and lymph node biop-
sies (n = 38/78; 48.7% and n = 9/78; 11.5%). There
was an association between metastatic biopsy sites and
a TPS 21% or 250% (p = 0.01) (Figure 4F).

The use of PD-L1 expression scoring systems as
continuous variables revealed significant differences
for CPS between organs of origin (p = 0.001) and
biopsy sites (p = 0.004), for TPS between organs of
origin (p = 0.005), histological types (p = 0.0003),
and biopsy sites (p = 0.001), and for IC score between
organs of origin (p < 0.001) and biopsy sites (p = 0.003)
(supplementary material, Figures S3-S5).

All results for TIL and PD-L1 evaluations in metasta-
ses are detailed in supplementary material, Table S1.

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd
on behalf of The Pathological Society of Great Britain and Ireland. www.pathsoc.org

There was a moderate, albeit significant, correlation
between TIL proportions and CPS and TPS (Pearson
correlation r = 0.32, p < 0.001 and r = 0.3, p < 0.001,
respectively).

Evaluation of PD-L1 expression in matched primary
and metastatic tumors

Mean TPS was significantly lower in PTs than in
matched metastases (13% [0-90%] versus 20%
[0-95%]; p = 0.007; Figure 5B and supplementary
material, Table S3), whereas no differences were
observed with regard to mean CPS (p = 0.9) and
IC score (p = 0.9) (Figure 5A,C). There were no sig-
nificant differences between matched PTs and meta-
static tumors with regard to CPS subgroups according
to 1, 10, and 20% cut-offs (Figure SA) or TPS 21% and
>50% (Figure 5B).

No differences in TILs, TPS, CPS, and IC score
across organs of origin, histological types, or biopsy
sites were observed in matched PTs and metastatic
tumors (supplementary material, Figures S6-S10 and
Table S3).

All results for TIL and PD-L1 evaluations in matched
metastases are detailed in supplementary material,
Table S4.
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Figure 5. Comparison of PD-L1 expression distribution in matched primary and metastatic tumors according to (A) CPS, (B) TPS, and (C) IC
score. Data from the left panels are presented as continuous variables (box and whisker plots, bars corresponding to min and max values),
while data from the right panels are presented as proportion of samples. For continuous variables, paired t-test was used to compare PD-L1
expression within primary and metastasis tumors. p < 0.001. To compare proportions of samples between primary tumors and metastases,
McNemar's chi-squared test was used (CPS: p = 0.9 and TPS: p = 0.5). CPS, combined positive score; IC score, immune cells positive for
PD-L1 immunostaining; PD-L1, programmed cell death protein ligand-1; TPS, tumor proportion score.

Prognostic value of TILs

Survival curves by organ of origin, histological type, and
metastatic biopsy site are shown in supplementary mate-
rial, Figure S11A-C. Organs of origin and histological
types were found to be prognostic factors of OS in
univariate analyses (p < 0.001). Survival curves for OS
according to TILs >10% are presented in supplementary
material, Figures S12-S15. In univariate analyses, TILs
>10% had no prognostic significance either in the whole
patient cohort (p = 0.7) or according to organ of origin,
histological subtype, and metastatic biopsy site.

Discussion

To our knowledge, this study is the first to analyze
TIL distribution and PD-L1 expression in specimens

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd
on behalf of The Pathological Society of Great Britain and Ireland. www.pathsoc.org

of pan-cancer metastatic tumors previously treated
with systemic therapy and compare them with
matched PT.

In our study, a homogeneous distribution of TIL pro-
portions in metastases was observed irrespective of the
PT organ of origin, histological type, and metastatic
biopsy site. The immune signature seems to be a stable
phenotypic marker for the disease and is remarkably
reproduced across all metastatic sites, histological types,
and organs of origin.

This observation could reflect either a potential
‘imprinting’ of the immune microenvironment by the
tumor cells or the possibility that the immune contexture
in PTs results in ‘educated’ ICs that are recalled in the
different metastatic sites [34,35].

Interestingly, we found that metastatic tumors had a
significantly lower percentage of TILs compared to their
matched PTs (p < 0.0001). Such significantly decreased
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lymphocytic infiltrate was observed across all histological
types and organs of origin.

Our study shows a general trend of increased TILs in
PTs than in matched metastases although not significant
for all tumor types and histologies. Our limited number
of cases per tumor type might not capture all histology-
specific nuances, as highlighted by Loi et al for breast
cancer metastases. A larger dataset will be required to
clearly assess the distinct patterns of TILs across various
cancer types [36].

The difference in immune microenvironment between
primary and metastatic lesions suggests a tumor
adaptation as it progresses from early to advanced
disease. These differences are likely to be dynamic
and sensitive to intrinsic (e.g. mutations and cell—cell
communication) and extrinsic perturbations such as
treatment modalities [37-39].

Our study is consistent with numerous data in the
literature regarding PD-L1 expression assessed by CPS
or TPS in the different organs of origin. For example,
positive CPS PD-L1 expression (CPS 2 10%) in breast
cancer was 31.7% in our study, as compared to 38%
in the literature [40]. In lung cancer, we found
positive PD-L.1 expression levels using cut-off values
of 1% < TPS < 49% and TPS > 50% of 33.3 and 13%, as
compared to 37.03% [41] and 13.29% [41] in the
literature, respectively. As for head and neck cancers,
PD-L1 positivity (CPS>1%) has been reported in 85% of
patients in the KEYNOTE-048 study [31], compared to
67% in our metastatic head and neck cohort. This differ-
ence could be explained by the use of archival and newly
collected biopsies in the KEYNOTE-048 study, while
our assessment was on metastatic biopsies only.

Generally, lower levels of TILs have been associated
with lower CPS, acknowledging TILs as a component of
the CPS evaluation [42]. This correlation highlights the
integrated role TILs play in immunotherapeutic respon-
siveness and prognostic assessment. TIL proportions
and PD-L1 expression do not have a strong correlation,
although it is significant in our dataset. This relationship
can vary with tumor histology, affecting the CPS/TPS
and treatment decisions. Our findings indicate that this
relationship is not uniformly linear across different
tumor types or between histologies such as ADK and
SCC, which could be attributed to the differential regu-
lation of PD-L1 in these cancers. Our results underscore
the need for a nuanced interpretation of CPS/TPS, taking
into account the histology-specific PD-L1 regulation and
the interplay with TILs, which could ultimately refine
patient selection for checkpoint inhibitor therapies.

In our study, we found a significant variation when
comparing PD-L1 expression in metastases using the
CPS and TPS according to the organ of origin, histo-
logical subtype, and metastatic biopsy site. This is
consistent with many findings in the literature regard-
ing oncogene-driven PD-L1 expression issues [6].
Numerous cell signaling perturbations have
been associated with constitutive PD-L1 expression
across organs of origin and histological subtypes. For
example, PTEN loss has been associated with

© 2024 The Author(s). The Journal of Pathology published by John Wiley & Sons Ltd
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upregulated PD-L1 in glioblastoma multiforme and
colorectal cancer [43,44].

The significant variation in PD-L1 expression
according to metastatic biopsy site is also a major finding
of our study because of the limited data in the literature
comparing pan-cancer PD-L1 status. The significant var-
iation in oncogene-mediated PD-L1 expression by biopsy
site is consistent with the hypothesis of a local interferon
(IFN)-y-induced PD-L1 expression, a dynamic biomarker
present at sites of active inflammation [45]. Thus, biopsy
samples represent a snapshot of the tumor immune
microenvironment in space [46].

In matched tumors, comparisons of PD-L1 expression
using the CPS, TPS, and IC score in the different organs
of origin, histological subtypes, and metastatic biopsy
sites did not reach statistical significance, though with a
slight trend toward increased expression in metastases
compared to PT. This could be explained by our heavily
pretreated population in the metastatic setting and the
small size of metastatic biopsies, which prevented
the assessment of the entire tumor surface.

Interestingly, metastatic tumors had a higher mean
TPS than matched PTs (p <0.001), which may be
caused by the immune evasion and modulation of the
microenvironment by the increased inflammatory cyto-
kines, particularly IFN-y, released by TILs, even if present
at low density, in metastases. This would induce PD-L1
upregulation in tumors as an adaptive immune resistance
mechanism to suppress local effector T-cell function
against autoimmune attack [46,47]. This heterogeneity in
PD-L1 expression was in line with the results of Wang et al
in 22 patients with metastatic colorectal cancer whose
metastatic lesion showed higher PD-L1 expression than
the primary tumor [48]. Meanwhile, similar results were
obtained for non-small cell lung cancer, endometrial can-
cer, and breast cancer, for example [49-51].

Overall, the clinical outcome was not significantly
correlated with the percentage of TILs, which could be
accounted for by the limited number of PTs evaluated or
the heterogeneity of our pan-cancer cohort. Different
tumor and histological types were actually evaluated.
In addition, the SHIVAOQ1 patients had received various
treatments in view of their advanced stage disease.

In considering the broader implications of our find-
ings within the Companion Diagnostic (CdX) narrative,
particularly as critiqued in The Lancet Oncology [52], it
is apparent that our study offers tangible evidence to
advance the discourse. The industry-driven narrative
commonly promotes distinct CdX for individual histol-
ogies. In contrast, our pan-cancer analysis underscores
the complexity of PD-L1 expression and TILs across
cancers, suggesting that the development of CdX should
not be constrained to a uniform approach but rather
should be adaptive to the variegated landscape of tumor
immunobiology. Our results advocate for a multifaceted
CdX model, responsive to the intricate immune profiles
exhibited by different tumor types and their metastatic
counterparts. Aligning with the solutions proposed by
the authors in The Lancet Oncology, we support a con-
certed move toward a CdX framework that is both fluid
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and reflective of diverse patient needs, underscored by
rigorous scientific substantiation. Such an approach
ensures that the trajectory of CdX development remains
steadfastly patient-centric and scientifically grounded
and taking into account as far as possible worldwide
economic sustainability. Considering all the evidence,
TILs can therefore be used to evaluate the quality of the
PDL1-stain; for example, the PDL1-stain is probably
false-negative if the HES slide shows many TILs.

Our study had the limitations inherent in retrospective
studies. First, all metastatic samples were biopsies
instead of whole-tissue specimens, thereby limiting
microenvironment evaluation and preventing us from
assessing geometrical expression and variation in
PD-L1 in metastases. Second, the patients who were
recruited in this study were treated with chemo-
radiotherapy and not with immunotherapy.

Therefore, further analyses are required to evaluate
the predictive value of PD-L.1 and TILs for immunother-
apy in the metastatic setting.

In conclusion, metastases harbored fewer TILs than
matched PTs, regardless of the PT organ of origin,
histological subtype, and metastatic biopsy site. The
decreased TILs in metastases of matched lesions may
suggest tumor adaptation in metastases, with progres-
sion from early to advanced disease. PD-L1 increased
with disease progression. TILs did not have a prognostic
value in metastatic samples. Molecular characterization
and immunological profiling will be needed to confirm
the proposed hypotheses.
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