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OBJECTIVE: To show the effect of programmed cell death protein-1 ligand level survival times in patients with metastatic non-small cell
lung cancer receiving chemotherapy, to determine the relationship between programmed cell death protein-1 ligand level, neutrophil-to-
lymphocyte ratio, and platelet-to-lymphocyte ratio.

MATERIAL AND METHODS: The data of 158 patients who received chemotherapy for metastatic non-small cell lung cancer were evalu-
ated retrospectively. Clinical and demographic data, programmed cell death protein-1 ligand expression levels, and follow-up periods of
the patients were recorded. The patients were divided into 2 groups according to programmed cell death protein-1 ligand levels.

RESULTS: In all patients, progression-free survival was 5.6 months and overall survival was 18.8 months. Patients with low programmed
cell death protein-1 ligand had a longer progression-free survival than patients with high programmed cell death protein-1 ligand (P =
.038). In the gemcitabine and taxane groups, patients with low programmed cell death protein-1 ligand had a longer progression-free sur-
vival than patients with high programmed cell death protein-1 ligand (P =.047). There was a significant correlation between neutrophil-
to-lymphocyte ratio and programmed cell death protein-1 ligand levels. In the groups with high programmed cell death protein-1 ligand,
patients with low neutrophil-to-lymphocyte ratio levels had higher overall survival than patients with high neutrophil-to-lymphocyte ratio
level (P =.043). Also, there was a significant difference between the overall survival patients with low and high platelet-to-lymphocyte
ratio levels (P = .520).

CONCLUSION: In patients with metastatic non-small cell lung cancer whose programmed cell death protein-1 ligand levels and neu-
trophil-to-lymphocyte ratio levels are low, immunogenic chemotherapies such as gemcitabine and taxane can be tried as an alternative
treatment.
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INTRODUCTION

Lung cancer is the most common cause of cancer-related deaths worldwide." Approximately 85% of lung cancers are
non-small cell lung cancer (NSCLC), and 80% of patients are diagnosed as advanced stage.?* Conventional cytotoxic
chemotherapies have been used as the standard treatment in lung cancer until recently.* Although the importance of
targeted agents and immunotherapy has started to increase, chemotherapies are still the main therapy for most patients in
the treatment of lung cancer.* While chemotherapies were thought to only cause immunosuppression in the past, it is now
accepted that chemotherapies can increase tumor immunity.

Treatments with immune checkpoint inhibitors which are developed against PD-1 (programmed cell death protein-1) and
programmed cell death protein-1 ligand (PDL-1) that is a ligand of this protein led to improvements in response rates and
survival times in patients.® In most of the immunotherapy studies in the literature, it has been shown that there is a relation-
ship between tissue PDL-1 expression level and clinical efficacy. Despite these studies showing the relationship between
PDL-1 expression levels and response to treatment, PDL-1 still remains a controversial biomarker of immunotherapy. The
differences in the tests applied to determine the level of PDL-1, the different cut-off values for expressions among differ-
ent immunotherapy agents, and the heterogeneity of PDL-1 expression in the tumor may be the reasons for discussion of
PDL-1 as a biomarker.®

In the literature, there are studies showing that PDL-1 expression, neutrophil-to-lymphocyte ratio (NLR), and platelet-to-
lymphocyte ratio (PLR) are also associated with poor survival in many tumor types.” In these studies, higher NLR and
PLR values for NSCLC were associated with worse survival.'®"" However, the effects of NLR and PLR values on survival in
patients with different PDL-1 levels have not been clearly demonstrated.
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The aim of this study is to show the effect of PDL-1 level on
PFS provided by chemotherapy agents in first-line treatment
of patients with metastatic NSCLC and to determine whether
there is a relationship between PDL-1 level, NLR, and PLR.

MATERIAL AND METHODS

Patients

In this study, the data of 158 patients who received che-
motherapy with a diagnosis of metastatic NSCLC between
2016 and 2021 at our hospital were evaluated retrospec-
tively. Tumor histology, metastasis sites, treatments received,
pre-treatment hematological parameters, and follow-up
periods of the patients were recorded. Programmed cell
death protein-1 ligand expression levels of the patients
evaluated by immunohistochemistry (IHC) method were
recorded. None of the patients included in the study
received immunotherapy.

DACO 22C3 PDL-1 antibody was used for IHC analysis in
tumor tissues and the presence of 1% membranous immuno-
histochemical staining in tumor cells was determined as the
cut-offvalueforPDL-1expressionlevel.Immunohistochemistry
was applied using PD-L1 kit (PD-LT IHC 22C3 PharmDX;
Dako, Carpinteria, CA, USA) according to the manufacturer’s
instructions. This antibody was preferred since the Food and
Drug Administration approved this antibody as a companion
test to determine the applicability of pembrolizumab therapy.
Sections of 4 um from each block were cut and stained with
22C3 stain on the Dako Link-48 automated staining system.
For PDL-1 positivity, a threshold value of 50% was consid-
ered. Patients below and above this level were classified as
low and high level for PDL-1.

In PDL-1 expression groups, therapy response and survival
times were compared according to chemotherapy type and
tumor histological type. In addition, the relationship between
PDL-1, NLR, PLR, and the effect of NLR and PLR values on
overall survival were evaluated in PDL-1 expression groups.

Statistical Analysis

The Statistical Package for Social Sciences version 22.0 soft-
ware (IBM Corp.; Armonk, NY, USA) was used for statistical
analysis. Whether the data were normally distributed was
determined by Kolmogorov—Smirnov and Shapiro-Wilk tests.
Student’s t-test and Mann-Whitney U test were used to com-
pare continuous variables between groups, and Chi-square
test and Fisher’s exact test were used to compare categorical
variables. Receiver operating characteristic (ROC) analysis
and area under the curve (AUC) values were used to deter-
mine the roles of NLR and PLR parameters in predicting PFS
and OS. Kaplan-Meier test was used for survival analysis.
Results are presented as mean + standard deviation, median
(min-max), and number (percentage). A P value of <.05 was
considered statistically significant in all statistical analyses.

RESULTS

Patient Characteristics

The mean age of the patients was 63.8 + 9.3 years (41-81).
The demographic and clinical characteristics of the patients
are shown in Table 1. Histological subtypes of the patients

Table 1. Demographic and Clinical Characteristics of the
Patients

Age (years) mean = SD (min-max)
Gender, n (%)

63.8 + 9.3 (41.0-81.0)

Female 37 (23.4%)
Male 121 (76.6%)
Smoking, n (%)
Yes 90 (56.9%)
No 68 (43.0%)
Histological type, n (%)
Adeno Ca 113 (71.5%)
Squamoz Ca 36 (22.8%)
Other 9 (5.7%)
Metastasis zone, n (%)
Liver 13 (8.2%)
Lungs 31 (19.6%)
Bone 5(22.2%)
Lymph 8 (55.7%)
Brain 6 (10.1%)
Surrenal 15 (9.5%)
Other 34 (21.5%)
PDL-1 groups, n (%)
<50 73 (46.2%)
>50 85 (53.8%)
Treatment groups, n (%)
Taxane 61 (38.6%)
Pemetrexet 7 (10.8%)
Vinorelbine 4 (15.2%)
Gemcitabine 3 (14.6%)
Other 3 (20.9%)

PDL-1, programmed cell death protein-1 ligand; SD, standard
deviation.

were 71.5% adenocarcinoma and 22.8% squamous cell
cancer. In our study, 46.2% of patients had low PDL-1 levels
and 53.8% of patients had high PDL-1 levels. Programmed
cell death protein-1 ligand (PDL-1) levels were high in 52%
and low in 48% of patients with adenocarcinoma histology.
These rates were 43.7% and 56.5% in patients with squa-
mous cell carcinoma histology, respectively. The most com-
mon metastasis site was lymph node (55.7%), followed by
bone (22.2%), lung (19.6%), brain (10.1%), and liver (8.2%).
In addition to the first-stage platinum-based chemotherapy
treatment, taxane was added to 38.6% of patients, vinorel-
bine to 15.2%, gemcitabine to 14.6%, and pemetrexed to
10.8%. After first-line treatment, 84 patients (53.2%) pro-
gressed and 50% of these patients received treatment in the
next steps. In the second-line treatment, 24 patients received
pemetrexet (10 patients low PDL-1, 14 patients high PDL-
1), 22 patients taxane (11 patients low PDL-1, 11 patients
high PDL-1), 9 patients gemcitabine (5 patients low PDL-1,
4 patients high PDL-1), and 7 patients vinorelbine (3 patients
low PDL-1, 4 patients high PDL-1).
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Figure 1. Comparison of patients’ PFS according to PDL-1 expression groups by Kaplan-Meier analysis. PFS, progression-free survival; PDL-1,

programmed cell death protein-1 ligand.

Progression Free Survival and Overall Survival

In all patients, PFS was 5.6 months (95% Cl, 0.6-43.9) and
OS was 18.8 months (95% Cl, 0.7-155.5). When PFS and OS
were evaluated according to PDL-1 expression level, patients
with low PDL-1 expression had a statistically significant lon-
ger PFS than patients with high PDL-1 expression (7.9 months
(95% Cl, 5.9-9.8) and 5.6 months (95% Cl, 3.6-7.5), respec-
tively, P =.038) (Figure 1). There was no statistically signifi-
cant difference in the evaluation of OS between the groups
(26.4 months vs 26.3 months, respectively, P = .750). When
OS was compared according to gender, histology type, and
metastasis type, no statistically significant difference was
found (Table 2). In all histological types, although the dura-
tion of PFS was higher in patients with low PDL-1 levels, no
statistically significant difference was found (Table 3).

In the gemcitabine and taxane groups, PFS of the patients
with low PDL-1 expression were found to be statistically

Table 2. Effects of Clinical and Demographic
Characteristics of Patients on OS by Kaplan-Meier Analysis

OS (Months) 95% ClI P

significantly longer than the patients with high PDL-1 expres-
sion (P=.047 and P =.048, respectively) (Figure 2). The PFSs
of all used agents according to the PDL-1 expression level are
presented in Table 4.

Relationship Between Hematological Parameters and
Programmed Cell Death Protein-1 Ligand

While there was a statistically significant but low correlation
between NLR and PDL-1 level (r=0.184 and P=.021), there
was no correlation between PLR and PDL-1 level (r = -0.062
and P = .443). When the correlation between NLR and PLR
level and OS and PFS was evaluated, a statistically significant
negative correlation was observed only between NLR level
and OS and PFS (r=-0.184 and P=.021,r=-0.161 and P=
.045, respectively).

In patients with high PDL-1 expression, there was a statisti-

cally significant but weak correlation between NLR level

Table 3. Effect of PDL-1 Level on PFS According to Tumor
Histological Type by Kaplan-Meier Analysis

Tumor
Gender, n (%) 671 Histological PDL Estimated Time
Type Groups PFS (Months)  95% CI P
Female 18.7 £ 2.7 13.6-23.8
Adeno Ca Low level 7.2+0.9 5.6-8.9 .143
Male 17.9 £ 2.6 12.5-23.8
PDL-1
Histological type, n (%) 515 High level 56+1.0 35.7.7
Adeno Ca 16.7 +2.0  12.9-20.5 PDL-1
Squamoz Ca 21.7 +4.2 13.4-30.0 Squamous Low level 8.3+20 4.4-12.1  .197
Metastasis .899 carcinoma POl
Solitary 16728 11.2:222 g el a7l 2968
Multiple 19.5 £ 3.0 13.6-25.4

OS, overall survival.

PFS, progression free survival; PDL-1, programmed cell death

protein-1 ligand.
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Figure 2. (a, b) Effect of PDL-1 expression levels on PFS in patients receiving Gemcitabine and Taxane chemotherapy by Kaplan-Meier
analysis. PFS, progression-free survival; PDL-1, programmed cell death protein-1 ligand.

and OS (r = -0.220, P = .043), but there was no correla-
tion between NLR level and PFS (r = -0.159, P = .150).
Also, there was no correlation between the PLR level and
PSF and OS (r =-0.115, P=.294 and r = 0.071, P = .520,
respectively).

Evaluation of NLR and PLR in predicting mortality in low
and high PDL-1 expression groups are presented in Table 5
(Figure 3).

When the effect of high and low NLR and PLR on OS in
patients with high and low PDL-1 expression was evaluated,
in the group with high PDL-1 expression, patients with low
NLR levels had higher OS than patients with high NLR lev-
els (47.2 months (95% Cl, 22.5-71.8) and 14.8 months (95%
Cl, 11.0-18.5), P =.035, respectively) (Figure 4). In addition,
there was a statistically significant difference between the
OS of patients with low and high PLR levels (97.5 months
(95% Cl, 70.5-124.5) vs. 21.7 months (95% CI, 16.1-
27.3) respectively, and P =.033).

DISCUSSION

Programmed cell death protein-1 ligand expression rate
in patients with NSCLC has been shown to be between

30% and 60%. Many meta-analyzes have shown that
patients with high PDL-1 expression have lower survival
rates.'”'* However, in the literature, there are studies by
Velcheti et al' showing that high PDL-1 expression leads
to better survival (60.0 months vs 27.8 months, P = .037) in
both Greek and Yale cohorts. However, the effect of PDL-1
expression on survival could not be demonstrated in the
320 and 170 case series of Schmidt and Tang.'®'” Similarly,
in our study, a significant effect of PDL-1 expression on
OS could not be demonstrated. When the subgroups were
examined, no OS difference was observed in terms of tumor
histology, gender, metastasis location, and number of metas-
tases. However, unlike these series, in our study, it was
observed that the PFS duration was longer in the low level
PDL-1 group compared to the high level PDL-1 group. The
reason why PFS is better and this is not reflected in OS may
be that the majority of our patients could not receive treat-
ment after progression.

In recent years, many markers have been investigated to
predict the effectiveness of chemotherapies in lung can-
cer patients.’ Although there are studies indicating that
PDL-1 is a biomarker showing immunotherapy response,
its predictive value for chemotherapy is unknown. Our
study showed that low PDL-1 expression provides better

Table 4. The Effect of PDL-1 Level on PFS According to the Type of Chemotherapy Used

Chemotherapy PDL Groups
Taxane Low level PDL-1
High level PDL-1
Pemetrexed Low level PDL-1
High level PDL-1
Vinorelbin Low level PDL-1

High level PDL-1
Low level PDL-1
High level PDL-1
Low level PDL-1
High level PDL-1

Gemcitabine

Others

Bold values are statistically significance.

Estimated Time PFS (Months) 95% CI P
6.4+09 4.8-8.1 .048
4.1 +0.2 3.8-4.5
7.2+39 0.0-14.9 .674
57+1.7 2.4-9.0
9.6 +1.4 6.9-12.4 143
55+1.1 3.4-7.5
83+1.6 5.1-11.4 .047
43+0.4 3.5-5.1
15.0 £ 3.5 8.2-21.9 .605
43.9 + 0.0 -



PFS, especially in gemcitabin and taxane-based regimens.
However, no relationship was shown between PDL-1 level
and PFS in pemetrexet treatment. It is known that cytotoxic
chemotherapies are effective in regulating the immune
microenvironment. It has been clearly demonstrated in a
study that immunogenic cell death and T cell infiltration
occur with the application of neoadjuvant chemotherapy
in early stage breast cancer.'” However, which agent, by
which mechanism, and in what way intensity plays a role in
immune microenvironment modulation have not yet been
clarified. There are studies showing that gemcitabine and
taxanes increase PDL-1 levels by increasing the levels of
activating immune receptor expressed by NK and effector T
cells (NKG2D) ligands and stimulating nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-KB) and signal
transducer and activator of transcription 3 (STAT3) signaling
pathways.?22 The use of gemcitabine in combination with
immunotherapy produced a synergistic clinical response
in the preclinical mesothelioma model resistant to gem-
citabine and immunotherapy monotherapy and broke
immunotherapy resistance.® It has been observed that
pemetrexet has an immunogenic effect by inducing more
immunogenic cell death.?*

As the immune responses associated with the tumor are eval-
uated, it has come to the fore whether different inflamma-
tion markers can be used as a prognostic marker in NSCLC.
Neutrophil-to-lymphocyte ratio has been shown to be an
early marker of inflammation in NSCLC and in many differ-
ent solid tumors. Moreover, if an increase in NLR is observed
under treatment, it is thought that it may indicate treatment
failure.>>?¢ It has been found that high NLR increases the
angiogenesis of the tumor environment (via VEGF and IL-18),
inhibits cell apoptosis, and thus increases tumorigenesis and
leads to worse results.?”? Liu et al® retrospectively evalu-
ated 325 patients with advanced stage lung cancer in their
study and showed that PFS and OS were longer in the low
NLR group compared to the high NLR group.? Similarly,
in our study, both PFS and OS were found to be worse in
patients with higher NLR. Moreover, in our study, there was
a relationship between the NLR value and OS, especially in
patients with high PDL-1 expression. While there are studies
in the literature showing that both PDL-1 and NLR levels are
related to prognosis separately, this is the first study showing
the relationship of PDL-1 expression with NLR level and eval-
uating the effect of NLR on survival times in patients grouped
according to PDL-1 expression levels.
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Figure 3. Prediction of mortality in patients with high PDL-1 levels
for NLR and PLR by ROC analysis. PDL-1, programmed cell death
protein-1 ligand; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-
to-lymphocyte ratio.

Since platelets increase cell proliferation and have pro-tumor
activity by stimulating growth factors, an increase in PLR
value negatively affects survival.?*3° Similar to the literature,
patients with low PLR values were found to have longer OS
durations than patients with high PLR values in our study.
However, no relationship was observed between PDL-1 level
and PLR.

Currently, pembrolizumab and nivolumab targeting
PD-1 and atezolizumab, avelumab, and durvalumab target-
ing PDL-1 are among the immunotherapy options. In meta-
static NSCLC, current immunotherapy options can be used in
combination with chemotherapy or as a single agent. While
immunotherapy monotherapy was appropriate in patients
with PDL-1 >50, combinations of immunotherapy +che-
motherapy showed superior survival in patients with PDL-1
<50.3"32 Immunotherapy may cause some immune-related
side effects that require a variety of therapeutic approaches.
The most common side effects are rash and diarrhea.
However, it can be seen in serious immune-related side
effects such as hypophysitis, pneumonia, thyroiditis, and
hepatitis.** The most important problem in immunotherapy,
as in targeted agents, is the development of resistance caused
by the activation of the epidermal growth factor receptor

Table 5. Evaluation of NLR and PLR Predicting Mortality in PDL-1 Expression Groups by ROC Analysis

AUC 95% CI
Low level PDL-1
NLR 0.595 0.466-0.725
PLR 0.438 0.302-0.573
High level PDL-1
NLR 0.673 0.559-0.788
PLR 0.658 0.537-0.779

.008
.015

Cut-Off Sensitivity Specificity
.198 - - -
400 - - -
3.22 70.6% 60.6%
142.02 78.4% 57.6%

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; AUC, area under the curve; PDL-1, programmed cell death protein-1 ligand.
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Figure 4. (a, b) The effect of NLR and PLR on OS in the group with high PDL-1 level by Kaplan-Meier analysis. PDL-1, programmed cell
death protein-1 ligand; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; OS, overall survival.

(EGFR) pathway. Especially since EGFR pathway activation
is seen more frequently in Asians than in western societ-
ies, resistance may develop more frequently in these patient
groups. However, we do not have sufficient data in terms of
immunotherapy responses and genetic disposition. Despite
the indisputable efficacy of immunotherapy in metastatic
NSCLC, these treatments cannot be used in all patients as the
cost of treatment is a major concern in many countries.* Our
study demonstrated the efficacy of chemotherapy in patients
with advanced NSCLC whose expression of PDL-1 in tumor
cells was evaluated.

Our study has some limitations. The most important of these
limitations are that it is designed retrospectively and the number
of patients in the chemotherapy arms is not equal. As another
limitation, immunotherapy, which is the standard treatment,
could not be given to these patients due to the health policies
of our country, and the patients received chemotherapy. Since
immunotherapy was not used in any patient, only the progno-
sis effects of PDL-1, NLR, and PLR were evaluated in patients
receiving chemotherapy in our study.

CONCLUSION

In conclusion, according to the findings of this study, taxane
and gemcitabine-based therapies provided a better PFS com-
pared to pemetrexet-based treatments in patients with low
PDL-1 expression. In addition, it was found that patients with
low NLR levels had longer survival times and there was a
relationship between NLR and PDL-1. Based on these data,
cytotoxic chemotherapy options can be tried as an alternative
treatment due to positive effects on survival times, especially
in patients whose PDL-1 expression level and NLR level are
low and who cannot reach immunotherapy. Immunogenic
chemotherapies such as gemcitabine and taxane, which play
a role in immune environment modulation, may be candi-
dates for this treatment.
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