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Immunological markers predict the prognosis of patients
with squamous non-small cell lung cancer
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Abstract Lung cancer has become the leading cause of
cancer-related death worldwide. However, treatment fail-
ures still represent enormous challenges, and it is doubtful
whether standard treatment modalities could continuously
achieve substantial improvements. As one of the novel
therapy strategies, PD-L1 has been shown the function of
down-regulating T cell activation through receptor PD-1.
Moreover, prognosis of cancer patients is based not only on
tumor-related factors but also on host-related factors, par-
ticularly systemic inflammatory response. Significantly,
squamous non-small cell lung cancer (NSCLC) revealed to
be divergent clinical and molecular phenotypes compared
with non-squamous NSCLC. Monocyte ratio, neutrophils
to lymphocytes ratio, PD-L1 immunostaining score and
PD-1-positive stained tumor-infiltrating lymphocyte counts
were assessed by Fisher’s linear discriminant analysis to
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discriminate whether overall survival (OS) would exceed-
ing 5 years. Finally, a prediction model was established for
OS based on these immunological markers. Furthermore,
this prediction model was validated in a second set of
squamous NSCLC patients. The model offers a novel tool
for survival prediction and could have important clinical
implications for patients with squamous NSCLC, thus
providing a framework for future individualized therapy.

Keywords Squamous non-small cell lung cancer -
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Introduction

Lung cancer, whose incidence is increasing worldwide, has
become the leading cause of cancer-related death world-
wide [1]. Approximately, non-small cell lung cancer
(NSCLC) accounts for 80 % of lung cancers [2]. Under
multimodality treatment, modest improvements in the
survival rates of NSCLC have been reported [3]. Never-
theless, treatment failures still represent enormous chal-
lenges, and it is doubtful whether these standard treatment
modalities could continuously achieve substantial im-
provements [4].

Immune checkpoint pathways, keeping nascent T cell
responses and reducing immune attack against normal tis-
sues, significantly down-regulate T cell activation. How-
ever, cancer cells could resist detection or avoid
elimination from adaptive immune system by exploiting
these co-inhibitory pathways [5]. PD-L1 (B7-H1) and PD-
L2 (B7-DC), members of the B7 superfamily, have been
shown the function of down-regulating T cell activation
through receptor PD-1 [6]. Based on these results, PD-1,
which has been identified as a receptor for PD-L1 and PD-
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L2, has been investigated as a target for cancer im-
munotherapy [7]. Previous clinical trials of NSCLC have
suggested PD-L1 expression as biomarker for positive
therapeutic response to anti-PD-1 or anti-PD-L1 antibodies
[8, 9]. However, data from several small series regarding
the prognostic role of PD-L1 and PD-1 in NSCLC remain
limited and inconsistent [10-13].

Nowadays, increasing data indicated that prognosis of
cancer patients is based not only on tumor-related factors but
also on host-related factors, particularly systemic inflamma-
tory response [14, 15]. As significant indicators of patients’
inflammation status, circulating monocyte count, neutrophil
ratio and lymphocyte ratio were proved as predictors of
prognosis in various cancers [16-18]. Increased counts of
neutrophils and/or decreased counts of lymphocytes might
serve as suppressor of lymphokine-activated killer cells,
which could increase the propensity to metastasis [19, 20].

Squamous NSCLC, revealing to be divergent clinical
and molecular phenotypes compared with non-squamous
NSCLC, displays a more consistent immune profile in
more frequently specific tumor antigens expressing and
more extensive CD8+ effector cells infiltrating [21].
Therefore, novel characters in immunological are hoped to
be explored and confirmed to develop relative approach in
managing squamous NSCLC [22]. Consequently, we ana-
lyzed the immunological marker profiles of a set of patients
with squamous NSCLC. A prediction model for overall
survival (OS) was derived based on immunological mark-
ers and further validated in a second set of squamous
NSCLC patients.

Methods

Study protocol was approved by the Ethics Committee of
Human Experimentation in China. Written informed con-
sent was obtained from each patient: including signed
consent for tissue analysis as well as consent to be recorded
for potential medical research at the time of sample ac-
quisition. All experiments were performed in accordance
with relevant guidelines and regulations.

Chart review was performed on 1286 consecutive pa-
tients who suffered from squamous NSCLC with between
November 2004 and March 2008. One hundred and fifty-
six of the 1286 patients were enrolled in the final analysis,
while other patients with squamous NSCLC were excluded
from analysis because of incomplete clinical or patho-
logical data, such as unavailable formalin-fixed paraffin-
embedded blocks. These 156 patients were randomly as-
signed (2:1) centrally by computer into training group
(n = 104) and validation group (n = 52).

The blood tests were obtained within 24 h after admission
for all patients as routine clinical practice in SYSUCC.

Monocyte ratio was calculated as absolute monocyte count
after initial treatment divided by absolute monocyte count
before initial treatment. In a similar way, NLR was calcu-
lated as neutrophil count divided by lymphocyte count.
Moreover, NLR ratio was calculated as NLR after initial
treatment divided by NLR before initial treatment. Then,
characteristics of patients and tumors were collected. Sur-
gically resected or biopsied specimens were fixed in for-
malin and embedded in paraffin for routine histopathological
diagnosis and immunohistochemical analysis. All data were
reviewed and confirmed by two independent pathologists
based on WHO classification of lung cancer.

Immunohistochemistry

Isolated tumors were fixed in 10 % neutral buffered for-
malin for 48 h and embedded in paraffin according to
standard protocols. Sections (thickness, 4 pm) were de-
paraffinized and rehydrated in a graded series of alcohol
solutions. For antigen retrieval, slides were immersed in
ethylenediamine tetra-acetic acid (1 mmol/L, pH 8.0) and
boiled for 15 min in a microwave oven. Endogenous per-
oxidase activity was blocked in 3 % H,O, at room tem-
perature for 15 min, and nonspecific binding was abolished
by 5 % bovine serum albumin for 30 min. Sections were
then stained with anti-PD-1 (rabbit anti-PD-1 polyclonal
antibody; 1:100 dilution; Protein Tech, Shanghai, China)
antibody and anti-PD-L1 (rabbit anti-PD-L1 polyclonal
antibody; 1:50 dilution; Protein Tech, Shanghai, China)
antibody at 4 °C overnight. After washing with phosphate-
buffered saline (PBS), sections were incubated with
horseradish peroxidase-conjugated secondary antibody
(Envision Detection kit, GK500705, Gene Tech, Shanghai,
China) at room temperature for 30 min. After washing
thrice with PBS, antibody complexes were colored with
3,3’-diaminobenzidine and then counterstained with he-
matoxylin. Slides were dehydrated and evaluated.

Semi-quantitative method

The total PD-L1 immunostaining score was calculated as
the sum of the positively stained tumor cells and staining
intensity. Briefly, the percentage of positive staining was
scored as “0” (<5 %, negative), “1” (5-25 %, sporadic),
“2” (25-50 %, focal) or “3” (>50 %, diffuse). Staining
intensity was scored as “0” (no staining), “1” (weak
staining), “2” (moderate staining) or “3” (strong staining).
Both the percentage of positive cells and the staining in-
tensity were evaluated under double-blind conditions. The
total immunostaining score was calculated as the value of
percent positivity score x staining intensity score and
ranged from 0 to 9. We defined PD-L1 expression levels as:
“0” (score 0-1), “1” (2-3), “2” (4-6) and “3” (>6). The
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score assessment was performed independently by two
independent pathologists blinded to the clinical parameters.

Cell counting

The status of PD-1 staining was recorded by counting PD-
1-positive stained TILs. After scanning the whole section at
low magnifications (100 x), ten tumor areas were selected.
The value of PD-1 was evaluated by the average of ten
200 x field PD-1-positive stained TILs counts. The counts
assessment was also performed independently by two
pathologists blinded to the clinical parameters with Image J
software (National Institute of Health).

Statistical analysis

The data are presented as the number (%) or median
(range) unless otherwise stated. The Pearson )(2 test and
Fisher’s exact test were used for categorical data, and an
independent sample ¢ test or the Mann—Whitney U test was
used for numerical data.

The potential risk factors: PD-L1 immunostaining score,
PD-1-positive TILs counts, monocyte ratio, NLR ratio, sex,
age, smoking habit, tumor size, tumor location, differen-
tiation and pathological stage, to discriminate whether OS
would exceeding 5 years, were assessed by FLDA. A sig-
nificant difference was declared if the P value from a two-
tailed test was <0.05. The results were similar when using
a more liberal p value of 0.10. All clinically possible in-
teractions were tested, but none were statistically sig-
nificant, so they were excluded in the final model.

First, the final model was used to calculate the discriminant
score in each study participant. Second, the comparison be-
tween the discriminant score with the OS was used to con-
struct a receiver operating characteristic curve. In the
meantime, the AUC and its 95 % CI were also reported to
describe the accuracy of the model for identifying metastases
in our study participants. And the eigenvalue and canonical
correlation were used to evaluate model fit (P < 0.05 was
considered statistically significant). We internally validated
the model using a cross-validation procedure, which enabled
us to use the full data set for model development. P values
<0.05 were considered statistically significant. Data analysis
was performed using Predictive Analytics Software (PASW)
Statistics 18.0 for Windows (SPSS Inc, Chicago, IL).

Result
Clinical outcomes

One hundred and fifty-six patients with squamous NSCLC
were eligible for the final analysis. The mean age was
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60.14 years (range 32-80 years, median 60 years); 147
patients were male (94.2 %) and 9 female (5.8 %). One
hundred and thirty-six (87.2 %) patients were smokers.
Additionally, stage IA disease occurred in 15 (9.6 %) pa-
tients, IB in 44 (28.2 %), IIA in 31 (19.9 %), IIB in 21
(13.5 %), IIA in 42 (26.9 %) and IIB in 3 (1.9 %).
Moreover, locations of tumor were 37 (23.7 %) in left
upper lobe, 36 (23.1 %) in left lower lobe, 43 (27.6 %) in
right upper lobe, 12 (7.7 %) in right middle lobe and 28
(17.9 %) in right lower lobe. Furthermore, pathological
analysis reported 7 patients (4.5 %) with well differenti-
ated, 42 (26.9 %) with moderately differentiated and 107
(68.6 %) with poorly differentiated.

The mean follow-up for survivors as of December 2014
was 47.43 months (range 0.53-92.67 months, median
52.52 months). Besides, mean OS was 2163 days, and
23.1 % of the patients were alive without disease, 48.1 %
were alive with disease and 28.8 % dies of disease. The
overall 1-, 3- and S5-year OS rates were 97.3, 85.3 and
64.7 %, respectively (Fig. 1).

PD-L1 expressed on tumor cells. Among all these 156
specimens of squamous NSCLC, PD-L1 expressed in either
one or both of the cell membrane and cytoplasm, in a focal
or scattered pattern (Fig. 2). Accordingly, PD-1 expressed
on tumor-infiltrating lymphocytes (TILs) (Fig. 3). PD-1-
positive TILs were counted and recorded.

There was no significant difference between the training
(n = 104) and validation (n = 52) cohorts in patients’ sex,
age, smoking habit, tumor size, tumor location, differen-
tiation, pathological stage, follow-up, PD-L1 immunos-
taining score, PD-1-positive TILs counts, monocyte ratio
and neutrophils to lymphocytes ratio (NLR) ratio
(P > 0.05) (Table 1).

1.0
0.8
0.6
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Overall Survival
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Fig. 1 OS of patients with squamous non-small cell lung cancer. OS
overall survival
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Fig. 2 Immunohistochemistry for PD-L1. Original magnification
%200

Fig. 3 Immunohistochemistry for PD-1. Original magnification
%200

Class prediction analysis

Based on training cohorts, four independent predictors of
OS were identified by using Fisher’s linear discriminant
analysis (FLDA) with stepwise variant selection. All other
potential predictors were analyzed but not associated with
OS and therefore were not included in the final model. The
clinical classifying model was described by the following
equation: ¥ = — 1.212 + 0.211 x NLR ratio 4+ 0.437 x
monocyte ratio — 0.390 x PD-L1 + 0.035 x PD-1 (eigen-
value 0.673, canonical correlation 0.634, P < 0.001). In
this equation, PD-L1 represented PD-L1 immunostaining
score; PD-1 represented PD-1-positive TILs counts.
Group centroids for OS < 5 years and OS > 5 years
were 0.505 and —1.307, respectively. Next, a cut score
halfway between the two centroids was determined: cut
score = (—1.307 + 0.505)/2 = —0.401. When the dis-
criminant score Y was calculated to be >—0.401, the case

was predicted to be an OS < 5 years case; otherwise, the
case was classified as an OS > 5 years. For the training set
of 104 leave-one-out cross-validated cases, 27 of 29
OS > 5 years (93.1 % sensitivity) and 61 of 75 OS < 5 -
years (81.3 % specificity) were correctly classified with an
overall accuracy of 84.6 % (88 of 104) and an area under
the curve (AUC) of 0.938 [P < 0.001, 95 % confidence
interval (CI) 0.864—1] (Table 2, Fig. 4a, b).

Next, the predicting model consisting of the four pre-
dictors (NLR ratio, monocyte ratio, PD-L1 and PD-1) was
applied to the validation set of 52 patients (14
OS > 5 years and 38 OS < 5 years) (Table 2). A survival
prediction for 38 of the 52 patients (73.1 %) with an AUC
of 0.908 (P < 0.001, 95 % CI 0.806-1) was achieved
(Table 2, Fig. 4c, d). Also, 12 of 14 OS > 5 years (85.7 %
sensitivity) and 26 of 38 OS < 5 years (68.4 % specificity)
were correctly identified (Table 2).

Discussion

Co-development of novel appropriate biomarkers, which
could be used in predicting overall survival, is emerging its
significance in cancer research [23]. A growing body of
evidence suggested that tumor cells evade host immune
surveillance through regulating the expression of soluble
ligands and cytokines [24]. Furthermore, in murine models
and possibly patients, several strategies were shown to be
associated with immune suppression and poor prognosis,
including down-regulation of cell surface major histo-
compatibility complex class I molecules, [25, 26] secretion
of immunosuppressive factors, [27] and expression of
death ligands [28]. As a member of the B7 superfamily,
PD-L1 was more broadly expressed than the other mem-
bers in B7 superfamily [6]. Recently, expression of PD-L1
on cancer cells could induce apoptosis of human T cell
clones, whereas blockading PD-L.1 has been shown the
ability in directly down-regulating immune responses and
host immune evading by PD-1 receptor on activated T and
B cells in vitro and in vivo, which meant PD-L1 could
function as a negative regulator of T cell-mediated anti-
tumor immunity [29, 30]. Consequently, effector immune
cells inactivation through PD-1 receptor signaling could
finally result in disease progression [31].

Interaction of PD-1 and PD-L1 has been recognized as
key mechanism for immune evasion in NSCLC; the clin-
ical efficacy of anti-PD-1 and PD-L1 blocking antibodies
has been proved though a serial of clinical trials [8, 9].
Although preliminary results suggested that PD-L1 ex-
pression might be associated with higher response rate to
PD-1 blockade treatment, this association remains incon-
sistent, because not all PD-L1-positive tumors were sen-
sitive [32]. Evidence also illustrated the contribution of
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Table 1 Clinicopathological characters in training and validation cohorts

Characteristic All (n = 156) Training cohorts (n = 104) Validation cohorts (n = 52) P
Age (years) 60" (range 32-80) 61.5" (range 32-75) 59T (range 34-80) 0.098
Sex (%) 1
Male 147 94.2 % 98 49
Female 9 5.8 % 6 3
Smoking habit 0.176
No 20 12.8 % 16 4
Yes 136 87.2 % 88 48
Tumor size (cm) 425" (range 0.5-13) 4% (range 0.5-12) 5" (range 1.8-13) 0.461
Tumor location 0.349
Left upper lobe 37 23.7 % 27 10
Left lower lobe 36 23.1 % 23 13
Right upper lobe 43 27.6 % 32 11
Right middle lobe 12 7.7 % 7 5
Right lower lobe 28 17.9 % 15 13
Tumor differentiation 0.618
Well differentiated 7 4.5 % 4 3
Moderately differentiated 42 26.9 % 31 11
Poorly differentiated 107 68.6 % 69 38
Pathological stage (%) 0.161
1A 15 9.6 % 11 4
1B 44 28.2 % 32 12
JIV:N 31 19.9 % 21 10
1B 21 13.5 % 13 8
1IA 42 26.9 % 25 17
1B 3 1.9 % 2 1
Follow-up (months) 0.069
Median 52.52 53.15 48.25
Range 0.53-92.67 0.67-88.53 0.53-92.67
Mean 47.43 49.98 42.32
PD-L1 immunostaining score 0.773
0 21 13.5 % 12 9
1 36 23.1 % 26 10
2 44 282 % 29 15
3 55 353 % 37 18
PD-1-positive TILs counts 0.741
Median 17 15 19
Range 1-65 1-64 2-65
Mean 20.3 19.3 22.1
Monocyte ratio 0.053
Median 1.6 1.5 1.6
Range 0.1-8.3 0.2-8.2 0.1-8.3
Mean 2.1 1.8 2.6
NLR ratio 0.895
Median 1.8 1.8 1.8
Range 0.1-14.4 0.1-14.4 0.2-9.5
Mean 2.2 22 23

T Median values are listed
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Table 2 Distribution of actual and predicted overall survival of patients with lung squamous cell carcinoma
Predicted results
Training phase® Validation phase
OS > 5 years, n (%) OS < 5 years,n (%) Total, n OS >S5 years,n (%) OS <5 years,n (%) Total, n
Actual results
0S > 5 years, n (%) 27 (93.1)° 2 (6.9) 29 12 (85.7)° 2 (14.3) 14
OS < S years, n (%) 14 (18.7) 61 (81.3)° 75 12 (31.6) 26 (68.4)° 38
Total, n 41 63 104 24 28 52

4 Leave-one-out cross-validated grouped cases

®¢ The sensitivity” and specificity® for identifying OS > 5 years were 93.1 and 81.3 % for the training sets of leave-one-out cross-validated

grouped cases, respectively

de The sensitivity® and specificity® for identifying OS > 5 years were 85.7 and 68.4 % for the validation cases, respectively
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Fig. 4 Receiver operating characteristic curve analysis of the
discriminant model with NLR ratio, monocyte ratio, PD-L1 and
PD-1 for discriminate OS < 5 years and OS > 5 years on training (a)
and validation (c¢) samples. Box and Whisker plot showing the

PD-L1 expression on tumor cells to down-regulate immune
responses in NSCLC [33]. Accordingly, PD-L1 blockade
has recently been proved to improve anti-tumor immunity
[34, 35]. Although PD-1 and PD-L1 have been well studied
in lung adenocarcinomas, their prognostic roles remained

B
4 -
o
g g
" o
3
el T
-
c
© o
£ °
E
= 0
o
.ﬂ l
i
-2 - :
T T
OS <=5 years OS > 5 years
D
4 =

- I

il

Discriminant Scores
N
L

- -

T T
OS <=5 years OS > 5 years

distributions of the discriminant scores of OS < 5 years and
OS > 5 years in training (b) and validation (d) samples. OS overall
survival

controversial whether squamous NSCLC shared the same
characters. Importantly, studies have presented the differ-
ent expression of PD-L1 in different histological types
[13]. In current study, comprehensive and concurrent
analyses of PD-1 and PD-L1 were performed in a large
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cohort of patients with squamous NSCLC, aiming to il-
lustrate the prognosis role of PD-1 and PD-L1 in squamous
NSCLC. Moreover, the inconsistent prognostic role of PD-
L1 and PD-1 in NSCLC might be caused by heterogeneous
patient population; thus, our study focused only on one
subgroup of NSCLC to figure out the prognosis role of
immunological markers, including PD-L1 and PD-1.

Publications have already shown that both the intrinsic
characteristics and environment of tumor would stimulate
the invaded and metastatic ability [36]. Abnormal tumor
phenotype could stimulate inflammatory cells flowing into
tissues around the tumor. In addition, generalized and
nonspecific inflammatory response could be triggered by
generalized and nonspecific inflammatory response and
following tissue destruction and disruption [37]. Evidence
indicated an association among systemic inflammatory re-
sponse, progressive nutritional and functional decline in
cancer victims and poor prognosis, which could be partly
interpreted by insidious cancer progression activating innate
immunity [14, 38]. A correlation between the increasing
monocytes and neutrophils, decreasing lymphocytes, and
inflammation-induced tumor growth and progression via
various growth and pro-angiogenic cytokines has been ob-
served and proved, although immunosuppression was
common in the cancer population [39, 40]. Studies have
showed peripheral blood monocytes count, low blood neu-
trophil count and high lymphocyte count to be independent
prognosis factors in patients with neck and head, biliary,
cervix, liver, stomach and colon cancers [41-44]. In addi-
tion, various evidences indicated elevating NLR accompa-
nying poor prognosis in different types of cancer [45, 46].
Investigations revealed that this association might be caused
by suppressed anti-tumor cellular immune activity of nat-
ural killer cells and lymphocyte by increased neutrophils
[47]. Previous studies on circulating leukocyte influenced us
concerning the association between clinical circulating
monocytes, neutrophils, lymphocytes and tumor prognosis.
Differently, relative large number of patients with squa-
mous NSCLC was enrolled in current study. Furthermore,
monocyte and NLR ratio, instead of cells counts, were used
in our analysis, which could assess the impact of response to
treatment. Neutrophils and lymphocytes increasing tumor
infiltration suggested strong anti-tumor immune responses.

Several limitations remain in this study. First, all the
data were retrospectively collected; thus, clinical and sur-
vival comparison might be influenced by selection bias due
to its retrospective nature. Second, the monocyte pheno-
type or molecular information was not analyzed, which was
caused by lack of this information in our retrospective data.
Third, other systemic inflammatory immune indexes, such
as C-reactive protein or albumin, which were known as
prognostic factors [48], also were absent in our retrospec-
tive data.

@ Springer

In conclusion, our analyses demonstrated that the ana-
lysis of a set of immunological markers could effectively
and reproducibly classify patients with squamous NSCLC
according to their overall survival. Further prospective
validation in larger independent cohorts of patients with
similar or different regimens is warranted to fully assess its
predictive power. However, the 4-immunological-marker
model offers a novel tool for survival prediction and could
have important clinical implications for the consideration
of differential treatment strategies in patients with squa-
mous NSCLC, thus providing a framework for future in-
dividualized therapy.
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