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ABSTRACT

There is now growing evidence that the immune contexture influences cancer progression and clinical outcome
of patients with non-small cell lung cancer (NSCLQ). If chemotherapy is widely used to treat patients with
advanced-stage NSCLC, it remains unclear how it could modify the immune contexture and impact its
prognostic value. Here, we analyzed two retrospective cohorts, respectively composed of 122 stage lll-N2 NSCLC
patients treated with chemotherapy before surgery and 39 stage-matched patients treated by surgery only.
In patients treated with neoadjuvant chemotherapy, the histological characteristics, the expression of PD-L1
protein, and the tumor immune microenvironment (CD8" T cells, DC-LAMP™ mature dendritic cells, and CD68™
macrophages) were evaluated and their prognostic value assessed together with standard clinical parameters.
By analyzing pre- and post-treatment specimens, we did not find any changes in the PD-L1 expression. We also
found that the tumor immune contexture in patients treated with neoadjuvant chemotherapy exhibited a
similar pattern that the one found in chemotherapy-naive patients, with comparable densities of tumor-
infiltrating CD8' and DC-LAMP™ cells and a similar spatial organization. The percentage of residual viable tumor
cells and the immune pattern (CD8" and DC-LAMP™ cell densities) were significantly associated with the clinical
outcome and allowed the identification of short- and long-term survivors, respectively. In multivariate analysis,
the immune pattern was found to be the strongest independent prognostic factor. In conclusion, this study
decrypts the complex interplay between cancer and immune cells in patients undergoing chemotherapy and
supports potential beneficial synergistic effect of immunotherapy and chemotherapy.
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Introduction

Locally advanced NSCLC are treated with surgery, radiother-
apy, and/or adjuvant or neoadjuvant chemotherapy.”” In
patients treated with neoadjuvant chemotherapy, the clinical
response to treatment allows the identification of patients who
will likely benefit from surgery. After resection, histological
characteristics such as pathological downstaging as well as low
percentage of viable tumor cells were found to be associated
with prolonged survival.>* Unfortunately, these criteria are not
fully reliable and new prognostic markers are needed to identify
patients with high risk of relapse and help clinicians to define
the most appropriate therapeutic strategy.

In primary and metastatic tumors, the immune contexture has
been associated with a strong prognostic value®” and we previously
showed that high densities of tumor-infiltrating CD8" T cells were

associated with improved overall survival in stage I-III NSCLC
treated by surgery.*” Moreover, the concomitant presence of
mature dendritic cells (DCs), reflecting the presence of tertiary
lymphoid structures (TLS) within tumor tissues, identified group
of patients with the best outcome.'® Patients with advanced stages
of the disease are mainly treated with neoadjuvant chemotherapy
and the peculiar tumor microenvironment after such treatment
remains poorly characterized. If chemotherapy drugs have been
designed to induce tumor cell death," they also can boost or ham-
per protective immune responses by modifying the composition
and function of the tumor immune contexture.''** The aim of the
present study was to characterize the tumor and immune compart-
ments of NSCLC patients treated with neoadjuvant chemotherapy
and evaluate their association with clinical outcome.
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At first, we analyzed and compared two cohorts of NSCLC
patients treated or not with neoadjuvant chemotherapy to deci-
pher the impact of such treatment on the characteristics of the
tumor and its immune contexture. Our results validated previ-
ously published studies showing a prognostic value of the clinical
and histological responses after chemotherapy.™ Furthermore,
we discovered that patients treated with chemotherapy exhibited
a similar intra-tumor immune reaction, in terms of densities and
organization, than the one found in untreated patients. PD-L1
expression by tumor and immune cells was not modified by che-
motherapy treatment either. Finally, the immune pattern was
found to be the strongest independent prognostic factor in
patients that have been treated with neoadjuvant chemotherapy.

Materials and methods
Patients

We retrospectively analyzed 122 stage III-N2 NSCLC patients
treated with platinum-based neoadjuvant chemotherapy, fol-
lowed by lung resection and full nodal dissection at Hotel-Dieu
hospital, Paris. Surgery was performed after chemotherapy in
patients with objective response or stable disease.'> Overall,
tumor and lymph node objective clinical responses to neoadju-
vant chemotherapy were assessed by CT-scan. The main clinical
features of the patients are listed in Table 1. Among those 122
patients, we had access to 21 pairs of lymph nodes collected before
and after neoadjuvant chemotherapy. We also analyzed 39 stage
III-N2 NSCLC patients undergoing primary surgery at Hotel-
Dieu hospital but not treated with neoadjuvant chemotherapy for
the following reasons: histological proof of N2 disease only at
pathological examination of the surgically resected specimens
(clinical NO-N1 disease), presence of co-morbidities not compati-
bles with chemotherapy or informed refusal (Table S1). All
experiments were performed with the agreement of the Ile-de-
France II ethics committee (CPP#2008-133 and #2012-06-12).

Histological analyses of NSCLC samples

All eosin-hematoxylin-saffron (HES) slides containing tumor
area were blindly reviewed for semi-quantitative evaluation of
the percentage of viable tumor cells, necrosis, and stromal
fibrosis

(D.D.,, AL, and R.R.). The histological response was based on
the percentage of viable tumor cells and the following groups
were defined: complete response (0% viable tumor cells), major
response (1% to 10% viable tumor cells), and partial or no
response (>10% viable tumor cells).'® N stage decrease (N2 to
N1 or NO) was considered as pathological nodal downstaging.

Immunohistochemistry

Serial 5-um tissue sections were deparaffinized, rehydrated,
and pretreated for antigen retrieval. The sections were incu-
bated with 3% hydrogen peroxide and then 5% human serum
before adding the appropriate primary antibodies followed by
secondary antibodies. Antibodies used are listed in Table S2.
Enzymatic activity was revealed using 3,3'-diaminobenzidine
(DAB, Dako), 3-amino-9-ethylcarbazole (AEC, Vector

Laboratories) and blue alkaline phosphatase substrate kit (Vec-
tor Laboratories) as previously described.*® For single staining,
sections were counterstained with hematoxylin. DC-LAMP
positive DCs and CD8 positive cells were counted by three
observers (R.R., A.L.,, and J.G.) and CD68" macrophages were
quantified using CaloPix (Tribvn) as previously described."®
The percentage of PD-L1 positive cells was evaluated semi-
quantitatively on tumor cells by three independent observers
(D.D., AL, and ].B.). PD-L1 expression on lymphoid cells was
also assessed and quantified semi-quantitatively.

Statistical analyses

Overall survival (OS), disease-free survival (DFS), and disease-
specific survival (DSS) were evaluated with the Kaplan-Meier
method and compared using the log-rank test. For PD-L1
expression, CD8", DC-LAMP™, and CD68™ cell densities, the
“minimum P value” approach was used to determine the best
separation of Kaplan-Meier curves referring to the outcome.
Correction and 10-fold cross-validations were performed'”'®
and cutoffs at quartile values were also used (Table S3). Inde-
pendent prognostic parameters identified at univariate analysis
(p < 0.05) were introduced in a multivariate Cox-proportional
hazards regression model to identify independent prognostic
factors. The predictive performance of individual marker was
assessed by Harrell’s concordance index (c-index) and time-
dependent c-index (Crt) derived from time-dependent ROC
curve analysis. Mann-Whitney and Kruskal-Wallis tests were
used to compare the density of infiltrating immune cells
between different groups of patients. p < 0.05 was considered
statistically significant. All analyses were performed with Prism
5 (GraphPad), Statview (Abacus Systems), and R software
(http://www.r-project.org/).

Results

The clinical response after neoadjuvant chemotherapy
predicts survival in stage Ill-N2 NSCLC

All 122 patients had a N2 disease before chemotherapy treat-
ment (Table 1). At the completion of the study, 69 patients
were dead (78% from recurrence) and 53 patients were alive
(mean follow-up = 42 mo).

Overall, tumor and lymph node objective clinical responses
to neoadjuvant chemotherapy were associated with longer OS
(p = 0.00059, p = 0.00051, and p = 0.0009, respectively), DFS
(p = 0.0032, p = 0.000098, and p = 0.0018, respectively), and
DSS (p = 0.00025, p = 0.00031, and p = 0.000033, respectively)
(Table 1).

The pathological staging after neoadjuvant chemotherapy
predicts survival in stage IlI-N2 NSCLC

Most patients displayed histological modifications reflecting
tumor regression process after neoadjuvant chemotherapy,
including stromal fibrosis and tumor necrosis (Fig. 1A), as pre-
viously reported.”'*** After treatment 41.8% patients had a NO
(27.9%) or N1 (13.9%) disease.
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Table 1. Baseline characteristics of the 122 patients with stage Il NSCLC treated with neoadjuvant chemotherapy and univariate analysis of factors possibly affecting the
survival.

0sS
DSS DFS
Characteristic Number (%) p-value® p- value® p- value® 5y (%)
Sex
Male 99 (81%) 0.38 0.30 0.27 27.9
Female 23 (19%) 424
Age (years) 1 0.64 0.26
Median [IQR] 58 [51.8-66.0]
<58 309
>58 320
Smoking history 0.65 0.70 0.54
No 17 (14%) 29.6
Yes 105 (86%) 323
Median pack/year [IQR] 40 [30-60]
Symptoms 0.80 0.60 0.29
Yes 84 (69%) 284
No 38 (31%) 27.9
FEV1 (%) 0.26 0.27 0.17
Median [IQR] 83 [71.2-96.7]
<83 64 (52%) 22.2
>83 58 (48%) 40.8
Performance status 0.37 0.79 0.62
0-1 92 (75%) 31.58
2-3 30 (25%) 29.18
Comorbidity 0.72 0.89 0.99
No 22 (18%) 27.8
Yes 100 (82%) 322
Moderate 79
Severe 21
Side of the tumor 0.57 0.64 0.56
Left 40 (33%) 36.4
Right 82 (67%) 28.2
Size of the tumor (mm; imaging evaluation) 0.26 0.37 0.21
Median [IQR] 50 [40-60] 15.8
<50 61 (50%) 378
>50 ) 61 (50%)
TNM stage before neoadjuvant chemotherapy® 0.61 0.51 0.86
A 111 (91%) 32
113] 11 (9%) 20.2
Drug combination (neoadjuvant chemotherapy) 0.84 0.79 0.684
Cisplatin+gemcitabine 56 (46%) 31
Cisplatin+vinorelbine 42 (34%) 27
Cisplatin+paclitaxel 17 (14%) 55.4
Platinum salt+other 7 (6%) 343
Number of cycles 0.12 0.06 0.004
<2 53 (44%) 19.5
>2 69 (56%) 41.1
Neoadjuvant radiotherapy NA NA NA
Yes 3 (2%) NR
No 119 (98%) 31.3%
Clinical-specific response on the tumor 0.00031 0.000098 0.00051
Stable disease 45 (37%) 135
Objective response 77 (63%) 39.9
Clinical-specific response on the lymph node 0.000033 0.0018 0.0009
Stable disease 44 (36%) 14.8
Objective response 78 (64%) 39.7
Overall clinical response (T+N) 0.00025 0.0032 0.00059
Yes 88 (72%) 384
No 34 (28%) 13
Intervention 0.051 0.26 0.025
Lobectomy 54 (44%) 42.7
Bilobectomy 12 (10%) NR
Pneumonectomy 56 (46%) 235
Resection quality 0.15 0.072 0.062
RO 114 (93%) 322
R1-2 8 (7%) NR
Histological type 0.12 0.027 0.047
Adenocarcinoma 51 (42%) 52.2
Squamous cell carcinoma 52 (43%) 245
Large cell carcinoma 19 (15%) 14.7

(Continued on next page)
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Table 1. (Continued )

(0
DSS DFS

Characteristic Number (%) p-value* p- value® p- value® 5y (%)
Pathological downstaging (lymph nodes) 0.0052 0.019 0.0041

Yes (pNO-N1) 51 (42%) 414

No (pN2) 71 (58%) 23.6
Pathological downstaging (global) 0.020 0.042 0.0068

Yes 42 (34%) 375

No 80 (66%) 27

ypT 30(24.5%) 0.66 0.042 0.012 51.8

TO-T1

T2-T4 92 (75.5%) 25.7
Pathological stage* 0.0047 0.0098 0.016

01 25 (21%) 55.8

-1V 97 (79%) 25.7
Percentage of viable cancer cells 0.025 0.084 0.013

0-10% 27 (22%) 514

>10% 95 (78%) 27.5

*“The log-rank test was used. To be able to conduct univariate analyses with a categorical variable, they were coded before analysis:

STNM stage before neoadjuvant chemotherapy: lIA (TIN2 = 9; T2N2 = 84; T3N2 = 18); llIB (T4N2 = 11).

*TNM stage after neoadjuvant chemotherapy: 0 (TONO = 8); | (TINO = 11; T2NO = 6); Il (TON1 = 1; TINT = 2; T2N1 = 3; T3NO = 8); llIA (TON2 = 2; TIN2 = 6; T2N2 = 32;
T3N1 = 7; T3N2 = 20); llIB (T4NO = 1; T4N1 = 10; T4N2 = 3); IV (T2NTM1 = 1; T3N2M1 = 1).

IQR, interquartile range; NA, not applicable; NR, not reached.

Bold: Significant p values.

Complete (0% viable tumor cells), major (1 to 10% viable
tumor cells; median = 3%), or partial (>10% viable tumor
cells; median = 44%) histological response was found in

12%, 10%, or 78% of patients, respectively (Fig. 1A). Patho-
logical N downstaging was associated with the histological
response in the tumor (Fig. S1). Patients with complete or
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Figure 1. Pathological response to neoadjuvant chemotherapy is associated with patients’ survival. Representative images of the pathological responses observed after
neoadjuvant chemotherapy: (A1) complete response (0% viable tumor cell), (A2) major response (1-10% viable tumor cells), and (A3) partial response (>10% viable
tumor cells). Original magnification: x40. Bottom left insert shows magnification of the tumor and black arrow indicates tumor cells. Kaplan—Meier curves for the duration
of OS and DSS according to the percentage of viable tumor cells. Comparison were done between < 10% versus >10% viable tumor cells (B and C) and between 0% ver-
sus 1-10% versus >10% viable tumor cells (D and E). Statistical comparison was performed by the log-rank test.
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CD20/PNAd

CD20/Ki-67

Figure 2. Presence of immune cells in stage I1I-N2 NSCLC treated or not with neoadjuvant chemotherapy. (A) In treated patients, immune cells are organized in TLS com-
posed of T, B, and mature DCs. TLS are surrounded by high-endothelial venules PNAd™. Some B-cell follicles contained Ki-67" proliferating germinal center. CD8" cells
are localized in the stroma and in the tumor nests. Ki-67" T cells are also found inside and outside the TLS. Original magnification: x200. Head arrows indicate the ter-
tiary-lymphoid structures and germinal centers are marked with an asterisk. T, tumor; HES, hematoxylin-eosin-saffron. CD8" and DC-LAMP™ immune cell densities in
stage IlI-N2 NSCLC treated or not with neoadjuvant chemotherapy. (B) CD8" and DC-LAMP™ cell densities in treated and untreated patients. CD8" and DC-LAMP™ cells
according to drug combination (C), number of chemotherapy cycles (D), interval of time between chemotherapy and surgery (E), or histological type. (F) ns, non-signifi-
cant, Kruskal-Wallis test. ADC, adenocarcinoma; CIS, cisplatin; GC, gemcitabine; LCC, large cell carcinoma; PAC, paclitaxel; SCC, squamous cell carcinoma; VIN, vinorelbine.
Densities of CD8" and DC-LAMP™ immune populations according to the percentage of living tumor cells (0%, 1-10%, or >10% viable cancer cells) (G). Bars represent
the median. Mann-Whitney (B) and Kruskal-Wallis tests were performed (C-G); ns, non-significant; “**p < 0.0001.

major histological response in the primary tumors also In univariate analysis, the pathological staging and the per-
experienced N response and had a better survival (p = centage of viable cancer cells were significantly associated with
0.0061) (Fig. S2). Necrosis and fibrosis were not found asso- the survival of patients (Table 1). Patients with 0 to 10% viable
ciated with survival. cancer cells had longer OS, DSS, and DES than those with
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Figure 2. Continued.

more than 10% viable cancer cells (p = 0.01, p = 0.02, and
p = 0.05 Figs. 1B and C, S3A). Since patients with less than
10% living cancer cells had either complete or major response,
we analyzed them separately. Patients with 0% cancer cell
had the best survival 24 mo after surgery, but this differ-
ence was lost in the long-term follow-up (Figs. 1D and E,
S3B). No major clinical difference was found between these
two groups (Table S4).

An organized immune microenvironment is present in lung
tumors after chemotherapy

As previously reported in early stage NSCLC,*** TLS were observed
in the tumor microenvironment after neoadjuvant chemotherapy
(Fig. 2A). Similar densities of CD8" and DC-LAMP™ cells were
found in stage III-N2 patients treated with chemotherapy and in
patients not treated prior surgery (Fig. 2B). In chemotherapy-



d.
+
CDS8' T cells
10000 ¢ e ,
E
E
n
3
o
2
Q1000
[T
o
.
@
=]
£
=3
z
1001— r T
& (] ]
*C}O i\@a _\C}Q
"LG '56 hb
»
e. .
CDS" T cells
100007 ——2=

Number of CD8" cells/mm?
=
o
=

100 T

Figure 2. Continued.

treated patients, CD8" or DC-LAMP™ cell densities were not asso-
ciated with the drug combinations (Fig. 2C), the number of cycles
(Fig. 2D), the delay between the end of the chemotherapy and the
surgery (Fig. 2E), or the histological type (Fig. 2F).

We further analyzed the immune microenvironment
characteristics according to the percentage of viable cancer cells
after chemotherapy. We found that tumors without viable cancer
cells exhibit a significantly lower density of DC-LAMP* cells (p
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< 0.0001, Figs. 2G and S4) whereas no difference was found
when analyzing the CD8™ cell densities (p > 0.05, Fig. 2G).

PD-L1 expression is not affected by neoadjuvant
chemotherapy

We analyzed the PD-L1 expression in two different positive lymph
nodes obtained before and after treatment with neoadjuvant
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Figure 2. Continued.

chemotherapy and in matched resected lung tumor after chemo-
therapy when material was available (n = 21). PD-L1 expression
was detected on tumors cells as well as on some infiltrating
immune cells (Fig. 3), in accordance with the literature.** We also
found a positive correlation in the PD-L1 expression by tumor
cells present in nodes before and after neoadjuvant chemotherapy
(r =0.618, p = 0.003), as well as in lymph node before treatment
and in primary lung tumor after chemotherapy (r = 0.670,
p = 0.001). We did not find any change in the PD-L1 expression
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on immune or tumor cells before and after treatment, suggesting
that PD-L1 expression was not modified by chemotherapy.

CD8" and DC-LAMP" cell densities, but neither CD68" cell
densities nor PD-L1 expression, are prognostic factors

We did not find any significant association between PD-L1
expression by tumor or immune cells and clinical outcome of
patients. However, we observed that CD8" and DC-LAMP*
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Figure 3. PD-L1 expression pattern in NSCLC. PD-L1 was found expressed on immune and tumor cells. Pictures show PD-L1 expression by tumor cells in lymph node
before and after neoadjuvant chemotherapy and in primary lung tumor. Original magnifications: x 100 and x200.

cell densities were associated with PD-L1 expression on tumor
cells (r = 0.326, p = 0.004; r = 0.325, p = 0.003 for CD8 and
DC-LAMP positive cells, respectively). We also found that
CD68™ cell densities were not significantly associated with the
survival of NSCLC patients treated with neoadjuvant chemo-
therapy (p = 0.311; Fig. S5).

High densities of CD8" and DC-LAMP™ cells were associated
with prolonged OS (Figs. 4A and C), DSS (Figs. 4B and D), and
DEFS (Figs. S6A and B). The median OS were 16 and 41 mo for
patients with low and high CD8" tumors, and 25 and 56 mo for
low and high DC-LAMP" tumors, respectively. No statistical
difference was found when CD8™ T cells were analyzed separately
in the center of the tumor and the invasive margin. The immune
pattern (CD8" and DC-LAMP?' cell density combination)
allowed the identification of patients with the best survival (high/
high immune pattern) (p = 0.02, p = 0.003, and p = 0.001 for
OS, DSS, and DEFS, respectively; Figs. 4E and F, Séc).

The immune pattern is the strongest independent
prognostic marker

Univariate analyses revealed that a variety of clinical, pathologi-
cal, and immunological criteria (clinical-specific response on
the lymph node, overall clinical response, pathological down-
staging, intervention type, histological type, pathological down-
staging, pathological stage, percentage of viable tumor cells,
and immune pattern) were significantly associated with sur-
vival (Table 1 and Table S5). These parameters were subse-
quently analyzed using a Cox multivariate regression model.
Three models were generated including clinical response
(model 1), pathological stage (model 2), and percentage of via-
ble tumor cells (model 3), because of significant interaction

between them (Table 2). The immune pattern was found to be
the strongest independent prognostic factor for OS (p < 0.001),
DSS (p < 0.01), and DFS (p < 0.001) in all models (Table 2)
with the better predictive performance (Fig. S7).

Since histological response and immune pattern were two
independent prognostic factors, we tested a new scoring
approach for chemotherapy-treated patients that combined the
percentage of viable tumor cells with the densities of tumor-
infiltrating CD8" and DC-LAMP™ cells. This approach
revealed that during the first 24 mo, the percentage of viable
cancer cells was the best prognostic factor (p < 0.01, Table 3)
whereas the long-term survival beyond 36 mo was better
predicted by the densities of CD8" and DC-LAMP™" cells
(p < 0.05, Table 3). Altogether, these results suggest that the
percentage of viable tumor cells and the immune pattern are
complementary prognostic factors that allowed a better
stratification of patients treated by chemotherapy according to
their clinical outcome.

Discussion

In this study, we addressed the question of the effect of chemo-
therapy on cancer cells and immune contexture that both
impact clinical outcome of patients with NSCLC. We con-
firmed that clinical and pathological responses were good indi-
cators of survival after neoadjuvant chemotherapy in stage III-
N2 NSCLC patients. As previously reported,™” less than 10%
of viable tumor cells after neoadjuvant chemotherapy is a rele-
vant threshold to identify patients with good or poor clinical
outcome. Since it represents a reliable prognostic marker, we
recommend to evaluate and report the percentage of living can-
cer cells after neoadjuvant chemotherapy.
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Figure 4. CD8" and DC-LAMP™ cell densities are associated with patients’ survival. Kaplan-Meier curves illustrate the duration of OS and DSS according to the densities of CD8"
(A and B) and DC-LAMP™ cells (C and D). Red lines represent high densities of infiltrating immune cells and blue lines, low densities. Kaplan-Meier curves for the duration of 0S
and DSS according to a combined analysis of CD8* and DC-LAMP™ cell densities (immune pattern) (E and F). For each marker, high densities in the tumor (hi, red line), low densi-
ties in the tumor (lo, blue line), and heterogeneous densities (Mix, green line) in patients treated with neoadjuvant chemotherapy are represented. Statistical comparisons were
performed by the log-rank test and p-values corrected using the formula proposed by Altman et al. Cutoff values were 510 CD8™ cells/mm? and 1.92 DC-LAMP™ cells/mm?.

The immune cell density and organization in patients who
received neoadjuvant chemotherapy were similar than in chemo-
therapy-naive patients. These results are in contrast with some
previous studies suggesting an impact of chemotherapy on the
type'' and density’>"’ of the immune infiltrate. One could
explain that the delay between the last drug administration and
the surgery (3 to 6 weeks) was sufficient to restore an organized
immune microenvironment. A second possibility may be that
the drug combination given in NSCLC did not modify the
immune contexture. Interestingly, DC-LAMP" cell number was
lower in tumors without detectable viable malignant cells,
suggesting that the presence of remaining living cancer cells was
needed for the maintenance of a sustainable organized immune
reaction. Obviously, it will be interesting to characterize the
immune compartment longitunaly before and after chemother-
apy in future studies to precisely define the effect of chemother-
apy on the tumor immune contexture. This sequential analysis
was not possible in the current study, as we did not have access
to pre-treatment lung tumor samples.

We also demonstrated that high densities of CD8" T cells
and DC-LAMP" mature DCs were independent survival
markers after neoadjuvant chemotherapy. Low density of DC-
LAMP™ cells in tumors was associated with poor survival even
when density of CD8™ T cells was high, suggesting that CD8"
T cells alone were not capable to satisfactorily fulfill their
antitumor role without mature DCs.>® These data support that
mature DCs, mostly present within the TLS, are mandatory in
the education of CD8" T cells and potentialize their antitumor
activity. The density of CD8" T cells and mature DCs was
found to be associated with PD-L1 expression. This finding is
in accordance with previous reports showing that PD-L1 pro-
tein expression can be induced by type I and type II interfer-
ons.*® As previously reported,” we also observed that, in
addition to tumor cells, immune cells do express PD-L1. We
found that the density of macrophages was not associated with
OS, DSS, and DFS. The role of tumor-associated macrophages
is not fully understood in NSCLC and the presence of CD68™
macrophages has been associated with opposite prognostic
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Table 2. Multivariate analysis of overall survival (0S), disease-specific survival (DFS) and disease-free survival (DFS) according to clinical, pathological, and immune

parameters.
Model 1 Model 2 Model 3
Variable HR 95%Cl p-value HR 95%(Cl p-value HR 95%(Cl p-value

0S Overall clinical response 176  1.05-1.95 0.031 NA NA NA NA NA NA
No vs. Yes
Overall pathological response NA NA NA 1.93 1.10-3.37 0.022 NA NA NA
No vs. Yes
Percentage of viable tumor cells NA NA NA NA NA NA 2.87 1.32-6.23 0.0076
>10% vs. < 10%
Intervention 184  1.10-3.08 0.021 1.77 1.06-2.98 0.03 1.58 0.93-2.66 0.088
Pneumonectomy and bilobectomy vs. lobectomy
Histological type 191 1.15-3.17 0.013 1.95 1.17-3.24 0.011 1.87 1.12-3.13 0.017
No SCC vs. SCC
Immune pattern 0.0011 0.000061 0.000024
Low vs. Mix+High 056  0.39-0.79 0.49 0.34-0.69 046  0.32-0.66
Low+Mix vs. High 0.31 0.15-0.63 0.24 0.12-0.48 0.21 0.10-0.44

DSS  Overall clinical response 198  1.08-3.63 0.027 NA NA NA NA NA NA
No vs. Yes
Overall pathological response NA NA NA 217 1.15-4.09 0.017 NA NA NA
No vs. Yes
Percentage of viable tumor cells NA NA NA NA NA NA 3.25 1.33-7.92 0.0096
>10% vs. < 10%
Histological type NA NA NA NA NA NA NA NA NA
No SCC vs. SCC
Staging methodology 0.80 0.44-1.46 0.46 0.73 041-13 0.28 0.89 0.48-1.62 0.69
Surgical vs. imaging
Immune pattern 0.0082 0.00077 0.00021
Low vs. Mix+High 058  0.39-0.87 0.5 0.34-0.75 046  0.30-0.69
Low+Mix vs. High 034  0.15-0.76 0.25 0.11-0.56 0.21 0.09-0.48

DFS  Overall clinical response 187  1.07-3.25 0.027 NA NA NA NA NA NA
No vs. Yes
Overall pathological response NA NA NA 2.2 1.24-3.90 0.0069 NA NA NA
No vs. Yes
Percentage of viable tumor cells NA NA NA NA NA NA NA NA NA
>10% vs. < 10%
Histological type 224 1.29-3.89 0.04 2.35 1.35-4.08 0.0024 NA NA NA
No SCCvs. SCC
Immune pattern 0.0008 0.000026 NA NA NA
Low vs. Mix+High 053  0.36-0.77 046  0.32-0.66
Low—+Mix vs. High 028  0.13-0.59 0.21 0.10-0.43

Model 1 contains overall clinical response as a predictor variable, model 2 contains overall pathological response and model 3 percentage of viable tumor cells. Patholog-
ical stage was not entered in models 2 and 3 because of high correlation with nodal downstaging and histopathological response.

Cl, confidence interval; HR, hazard ratio; NA, not applicable.

Bold: Significant p values.

values depending on the study.” To our knowledge, the prog-
nostic value of CD68" cells in late-stage NSCLC treated with
neoadjuvant chemotherapy has never been reported. Even it
might be challenging to discriminate between tumor-associated
macrophages and necrosis-related macrophage infiltration, a
more in-depth analysis of the clinical impact of tumor-associ-
ated macrophages is still needed using combination of different
markers and multiplexed technologies.””

Table 3. Percentages of surviving patients at 24, 36, 60, and 96 mo, according to
the percentage of viable cancer cells (0%, 1-10%, and >10%) and the immune
pattern (low and high).

Time (months)

T T2
Parameters Group 24 36 60 96
% viable tumor cells 0% 100% 49% NR NR
1-10% 83% 69% 69% NR
>10% 48% 41% 27% 27%
CD8"/DC-LAMP™ cells High 68% 63% 50% 50%
Low 53% 23% 0% 0%

NR, not reached.

We showed that histological responses and immune pattern
were complementary predictors of survival. Strikingly, the
immune criterion was a powerful parameter to identify long-
term survivors even among patients without satisfactory patho-
logical response, supporting the idea that immune cells may
control the local tumor proliferation but even more dramati-
cally the spreading of residual tumor cells. In accordance with
other studies, we showed that chemotherapy-induced short-
term benefits””*® and, in addition with data from clinical trial
using immune-based therapies,”*** our results strongly dem-
onstrate that a strong adaptive immune reaction within the
tumor is associated with long-term survival for the patients.
This could bring some additional evidence to the significant
long-term clinical benefits of the immune checkpoint block-
ade®®™® or the rituximab treatment,*® but with contrasted
short-term effects. In NSCLC, immunotherapy is a very prom-
ising therapeutic approach as reflected by the satisfactory and
long-lasting response rates obtained in recent trials targeting
the PD1/PD-L1 immunosuppressive pathway.’*>***" In
accordance with these results, we found that a small number of
living cancer cells was associated with an immediate advantage,
but that the immune contexture was of major importance for
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the long-term effect. Even in patients without satisfactory path-
ological response, the immune pattern identified the long-term
survivors. This finding highlights the fact that the immune con-
texture is highly relevant for predicting the long-term survival
of patients treated with neoadjuvant chemotherapy.

In conclusion, we showed that neoadjuvant chemotherapy in

NSCLC strongly impacts the tumor compartment but not
dramatically the immune contexture. Percentage of viable tumor
cells and immune pattern were prognostic factors and the
combination of both allowed identifying patients with the best

outcome. Our results give new evidence for the rational of

combining conventional chemotherapies and immunotherapies in
order to improve the clinical outcome of patients with cancer.”®
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