Cell Proliferation Defines an Additional Mechanism of Immune Escape
in Non-Small Cell Lung Cancer
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Immunohistochemical assessment of Ki-67
positivity and CD8+ T cell infiltration.

Introduction
Prior to this study, the most important mechanisms of immune
escape in NSCLC include checkpoint blockade and low tumor
mutational burden (TMB). Resistance to immune checkpoint
inhibitors (ICIs) has been linked to local immunosuppression
independent of major ICI targets (e.g., PD-1). Clinical experience
with response prediction based on PD-L1 expression suggests that
other factors influence sensitivity to ICIs in non-small cell lung
cancer (NSCLC) patients. In this study we have identified a third
equally important mechanism of immune escape of cell
proliferation in NSCLC.
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Representative fields for hematoxylin/eosin (a,d), CD8 positivity (b,e) and Ki-67
positivity (c,f) are depicted. The left hand panel (a-c) of a poorly proliferative
tumor shows numerous CD8+ T-cells (c), while Ki-67 (b) stains very few neoplastic
or immune cells. The right hand panel (d-f) of a highly proliferative tumor like the
other case shows numerous CD8+ T-cells (f), while Ki-67 (e) stains a high number
of neoplastic and immune cells. Scale bar = 100 µm.
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PD-L1 levels and proliferative status
B

A

C

A) Moderately proliferative tumors were slightly enriched for PD-L1 TPS ≥ 50%
tumors (17/47, 36.2%) as compared to highly proliferative tumors (13/46, 28.3%; p
= 0.5525), as compared to poorly (2/27, 7.4%; p = 0.01428) or a combination of the
latter two (15/73, 20.5%; p = 0.09344). B) For PD-L1 TPS ≥ 1% and <50%, so called
weakly positive PD-L1, moderately proliferative tumors were not enriched (11/47,
23.4%) as compared to poorly proliferative counterparts (6/27, 22.2%; p = 1) or
highly (7/46, 15.2%; p = 0.4613) proliferative tumors, or a combination of the latter
two (13/73, 17.8%; p = 0.6070). C) For PD-L1 negative tumors, i.e. TPS < 1%,
moderately proliferative tumors were under represented (18/47, 38.3%) as
compared to poorly proliferative counterparts (19/27, 70.4%; p = 0.01574) or
highly (27/46, 58.7%; p = 0.07832) proliferative tumors, or a combination of the
latter two (46/73, 63.0%; p = 0.01383)
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A) The survival of NSCLC patients with PD-L1 TPS ≥ 50% tumors was associated
with a statistically significant survival advantage amongst ICI-treated patients (log
rank test p = 0.03). B) A combination of proliferative and PD-L1 status resulted in a
significant survival advantage in moderately proliferative PD-L1 TPS ≥ 50% tumors
with a median survival of 14.6 months that was almost twice that of PD-L1 TPS
<50% highly/poorly proliferative at 7.6 months (p = 0.028). Median survival in
moderately proliferative PD-L1 TPS < 50% tumors at 12.6 months was comparable
to that of highly/poorly proliferative PD-L1+ at 11.5 months (p = 0.86), but in both
instances less than that of moderately proliferative PD-L1 TPS ≥ 50% tumors.
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Prevalence & Survival - Cell Proliferation
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Summary of patient disposition and exploratory analysis. A) A total of
120 patients previously treated with checkpoint inhibitors were
included in the study. All patients had survival data from date of first
dose of checkpoint inhibitor, while 110 were evaluable by RECIST v1.1
for response. B) Exploratory analysis using pair-wise proportion test of
41 immune-related gene functions derived from 394 genes for patients
with disease control versus no disease control identifies cell
proliferation as a biomarker of interest.
Table 1: Patient Characteristics
ICI Treated (n = 120)
Age at initial diagnosis (years)
<30
30-39
40-49
50-59
60-69
70-79
≥80
Mean

1 (00.0)
1 (00.0)
4 (03.3)
28 (23.3)
43 (35.8)
34 (28.3)
9 (07.5)
65

Female
Male

61 (50.8)
59 (49.2)

White
Other
Unknown

96 (80.0)
17 (14.2)
7 (05.8)

Alive
Dead

60 (50.0)
60 (50.0)

atezolizumab
ipilimumab + nivolumab
nivolumab
pembrolizumab

2 (01.7)
2 (01.7)
79 (65.8)
37 (30.8)
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A) Tumors were stratified into poorly, moderately and highly proliferative based
on the tertile rank of expression of this gene signature as compared to a separate
reference population of 167 patients with multiple tumor. Based on this analysis,
poorly proliferative tumors were the least frequent in all available samples tested
(27/120; 22.5%), followed by an equal distribution of highly (47/120; 39.2%) and
moderately proliferative tumors (46/120; 38.3%). B) PD-L1 TPS, defined as the
percentage of neoplastic cells displaying membranous positivity of any intensity
upon staining with the DAKO 22C3 antibody, ranged from 0 to 100 and 32/120
(26.7%) of all cases were PD-L1 TPS ≥ 50%, C) while 67/120 (55.8%) of all cases
were PD-L1 TPS ≥ 1%
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Sex

Race

Vital status at last follow up

Line of therapy
1st line
Checkpoint inhibitor

SITC 2018 – P549

D,E) There was a significant survival advantage among 120 NSCLC patients for
moderately proliferative tumors compared to combined highly/poorly tumors (p =
0.021). When highly and poorly proliferative groups were evaluated separately
there was a trend towards survival for moderately proliferative ICI-treated patients
(p = 0.064; n = 120)

D) DC for 110 NSCLC patients with moderately proliferative (22/44, 50.0%)
tumors was significantly higher than that of patients with poorly (4/24, 16.7%)
or highly proliferative tumors (9/42, 21.4%; p = 0.01461; p = 0.01128
respectively), or a combination of the latter two (13/66, 19.7%; p = 0.001725).
These results suggest that the proliferative status of the tumor
microenvironment as assessed by the mean of targeted RNA-seq of ten
different immune-related genes previously identified as associated with cell
proliferation may constitute a predictive biomarker for the propensity of NSCLC
patients to respond to ICIs. E) ICI-treated patients with PD-L1 TPS ≥ 50% tumors
had a DC rate of 50% (16/32), whereas the rate was 24.4% (19/78) amongst
individuals with PD-L1 TPS <50% tumors (p = 0.008733). F) Amongst moderately
proliferative PD-L1 TPS ≥ 50% cases, the DC rate was 58.8% (10/17), which was
not significantly higher than that of combined highly and poorly proliferative
PD-L1+ tumors (40.0%; 6/15; p = 0.4786). G) For moderately proliferative PD-L1
TPS <50% tumors the DC rate of 44.4% (12/27), was more than a combination of
highly and poorly (7/51, 13.7%; p = 0.00634). H) Amongst moderately
proliferative weakly positive PD-L1 tumors, the DC rate was 50.0% (5/10), while
there was a zero DC rate among highly and poorly proliferative tumors
combined (0/11, p = 0.02972). I) Amongst moderately proliferative PD-L1 TPS <
1% tumors, the DC rate was 41.2% (7/17), while the DC rate among highly and
poorly proliferative tumors combined was 17.5% (7/40, p = 0.1179), supporting
that cell proliferation is a relevant biomarker in this important group of NSCLC.

C,D) Survival analysis for PD-L1 as a positive result for TPS > 1% tumors showed
very similar results to TPS > 50% whereby moderately proliferative tumors with a
median survival of 14.6 months was almost twice that of PD-L1 TPS < 1%
highly/poorly proliferative at 7.6 months (p = 0.028). There was a slight difference
with a greater differential for median survival in moderately proliferative PD-L1
TPS < 1% tumors at 12.6 months to that of highly/poorly proliferative PD-L1 TPS >
1% at 9.8 months (p = 0.86), but in both instances less than that of moderately
proliferative PD-L1 TPS ≥ 1% tumors.

Conclusions
• A highly or poorly proliferative tumor microenvironment is
associated with limited sensitivity to ICIs amongst NSCLC patients.
• Moderately proliferative tumors, both PD-L1 positive and
negative, showed enhanced sensitivity to ICIs with greater effect
seen with weakly PD-L1 positive and negative tumors.
• A combination of cell proliferation and PD-L1 IHC status may be an
important predictor of overall survival in ICI treated patients.
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