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Introduction

With the advent of the anti-programmed cell death-1 (anti-
PD-1) and anti-programmed cell death ligand-1 (anti-PD-L1)
therapies, the treatment landscape for non-small cell lung
cancer (NSCLC) has seen a paradigm shift, resulting in
improved response rates and durability in survival [1]. By tar-
geting the PD-1/PD-L1 pathway, these antibodies revert the
immune tolerance of the tumor, making it vulnerable to an
attack by the host immune system [2,3]. Despite the advan-
ces in disease control witnessed in the era of immunother-
apy, the response to ICB continues to be inconsistent.
Moreover, due to the dynamic nature of the immune
response in vivo, the discovery of biomarkers predicting out-
comes to ICB has been challenging. Currently, a plethora of
putative markers are being investigated to understand their
role in determining tumor immunogenicity and predicting
the outcome to ICB [4]. Among these, the PD-L1 expression
on tumors is considered to be one of the leading determi-
nants of the response to ICB [5]. However, as we know, its
utility has been plagued by controversy regarding the lack of
standardized testing methods, and definition of positivity
[6,7]. Hence, the research efforts directed at identifying reli-
able biomarkers to facilitate recognition of patients most
amenable to benefit from ICB are gaining importance.

By fostering a microenvironment that is favorable for
tumor growth and propagation, chronic inflammation consti-
tutes an essential facet of the neoplastic process [8,9].
Historically, certain peripheral blood-based biomarkers that
serve as a surrogate measure for the degree of systemic
inflammation have been used to both prognosticate patients
as well as predict outcomes to treatments. One such marker,
the modified Glasgow prognostic score (mGPS) which is a
composite of biomarkers representative of inflammation,
i.e, C-reactive protein (CRP) and serum albumin, has
shown prognostic value in patients with a multitude of
malignancies [10,11]. While there is also data suggesting the

predictive value of mGPS in stage llIB/IV NSCLC for platinum-
based chemotherapy [12], the role of using mGPS in ICB is
unclear. Other candidate markers include the neutrophil to
lymphocyte ratio (NLR) and prognostic nutrition index (PNI).
Similar to mGPS, NLR and PNI are considered to be readily
available parameters crudely corresponding to the degree of
systemic inflammation. Both these markers have shown merit
as indicators of prognosis in a spectrum of cancers [13,14].
However, like the mGPS, their value as biomarkers in NSCLC
patients undergoing ICB is not well studied.

To understand the inter-relationship between inflamma-
tion and outcomes in anti-PD-1-treated NSCLC, we initiated a
clinical study, the predictive value of the modified Glasgow
prognostic score among patients undergoing immunotherapy
with PD-1-targeted agents (P-MAIT). Herein, we report the
exploratory analysis of P-MAIT examining the co-relation of
not only the mGPS but also evaluating the association of
readily available candidate inflammatory biomarkers (CRP,
NLR, PNI) with survival.

Material and methods
Study design and patient selection

We chose an ambidirectional design for our study.
Retrospectively, we identified 87 NSCLC patients treated with
anti-PD-1 therapy, i.e, nivolumab (Opdivo, Bristol-Myers
Squibb's®) at East Carolina University/Vidant Medical Center
from April 2015 to March 2017. We followed this retrospect-
ively identified NSCLC cohort until 31 May 2017, to measure
survival outcomes. All these patients had received at least
one cycle of nivolumab after progression/relapse on a first-
line platinum-based chemotherapy. These patients were part
of an ongoing prospectively designed institutional review
board approved the biomarker-based study, ie., P-MAIT.
As part of this study, all enrolled patients had baseline
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inflammatory biomarkers measured on day 0, i.e.,, the day of
immunotherapy initiation and subsequently with each
treatment.

Data collection

Clinical information

We gathered retrospective data on patient-specific demo-
graphics and clinicopathological characteristics from the elec-
tronic medical records. We categorized self-reported smoking
history as never (<100 cigarettes), former (>5 pk-yrs, quit >1
year prior) or current smokers. We also collected data with
regards to incidence, severity and management of nivolumab
induced immune-related adverse events (irAEs). We used
common terminology criteria for adverse events (CTCAE; ver-
sion 4.0) for grading the irAEs.

Peripheral blood-based inflammatory biomarkers

We collected baseline data on serological markers of inflam-
mation, i.e.,, CRP, albumin, absolute neutrophil count (ANC),
absolute lymphocyte count (ALC), NLR, PNI on day O, i.e., the
day of the first dose of anti-PD-1 therapy. The mGPS score
was calculated as a composite of serum albumin and CRP
protein values: 0 for CRP <10 mg/Il, 1 for CRP >10 mg/l and
albumin >3.5 g/dL and 2 for CRP >10 mg/l and albumin
<3.5 g/dl. NLR was calculated based on the ratio of
neutrophil to the lymphocyte count. The PNI was calculated
using the following formula: 10 x serum albumin value (g/dl)
+ 0.005 x peripheral lymphocyte count/mm?.

Objectives

The primary objective of our study was to determine the
association of inflammation-based biomarkers, i.e.,, CRP, NLR,
mGPS and PNI with overall survival after immunotherapy
(OSI). We defined OSI as the time from anti-PD-1 initiation to
death or termination of follow-up. We set the cutoff for OSI
estimation as 31 May 2017. As part of the exploratory ana-
lysis, we also measured baseline differences in the three bio-
markers at anti-PD-1 initiation in relation to clinically
meaningful subgroups (Supplementary Table 1).

Statistical analysis

Continuous variables such as CRP, albumin, NLR and PNI,
were converted to dichotomous variables using the web-
based program by Budczies et al. [15] to enable optimal
stratification. Using this online tool, the optimal CRP cutoff
was 49.1 mg/l (rounded to 50 mg/l), NLR was 6.5 and PNI
was 31.5. This enabled binary partitioning of groups, i.e., CRP
<50 and >50; NLR <6.5 and >6.5; PNI <31.5 and >31.5. The
cutoff for albumin was set at 3.5 g/dl crudely corresponding
with hypoalbuminemia as used in previous studies [16].
Chi-square/Fisher's exact test (as appropriate) was used to
determine associations between categorical covariates of
interest. Normally distributed continuous variables for a
grouping variable were compared using an independent t-

test. Paired t-test was used to assess pre- and post-treatment
differences. We used the univariate Cox proportional method
to determine the association between OSI and covariates
that were clinically relevant. From the univariable-level analy-
ses, we identified potential covariates associated with OSI
(p<.1). These were then fit into the multivariable Cox propor-
tional hazards model using backward selection to recognize
factors that were independently associated with survival [17].
Hazard ratios (HR) with 95% confidence interval (Cl) were
also calculated using univariate and multivariate analyses.
Unadjusted Kaplan—Meier survival curves with log-rank test-
ing were generated to compare the survival. The analysis
was conducted using IBM SPSS (version 22.0, SPSS, Chicago,
IL) and Graph Pad Prism (version 5.0, Graph Pad Software, La
Jolla, CA). All statistical assessments were two-sided. p < .05
was considered as significant.

Results
Patient characteristics

The median age was 64 (range 35-85) with male predomin-
ance (64.4%). Ethnicity was Caucasian in a majority of our
cohort (63.2%). The predominant histology was adenocarcin-
oma in 49.4% patients. Stage IV disease was present in 70.1%
patients, with the skeletal involvement (54.1%) and liver
(27.9%) being the most common metastatic sites. The
median albumin level was 3.6 g/dl. The median for CRP, neu-
trophil count and the lymphocyte count was 22.1 mg/I,
6100/mm? and 900/mm?3, respectively. The median PNI was
36.0 and NLR was 6.0. Other clinical characteristics including
differences in the medians of the baseline inflammatory bio-
markers in relation to the patient-related clinical/biochemical
characteristics are displayed (Supplementary Table 1).

Outcomes

Overall survival after immunotherapy
The median OSI was 8.7 months for the entire cohort.
Factors found to be associated with higher mortality in the
univariate model with p<.1 were: non-squamous histology,
Caucasian ethnicity, CRP >50 mg/L, NLR >6.5, PNI <31.5.
After including these in the multivariate Cox proportional
hazard model using backward elimination, only CRP >50,
NLR >6.5 and PNI <31.5 were found to be significantly asso-
ciated with worse OSI (Table 1).

(1) C-reactive protein and OSI

Seventy percent patients had CRP <50, while 28.7% had
CRP >50 (Supplementary Table 1). At the completion of the
entire follow-up period, a significantly higher proportion of
patients from the CRP <50 group were alive compared to
the CRP >50 (49 vs. 16%). CRP >50 had inferior median OSI
by the log-rank method in advanced stage NSCLC (2.7 vs. 11
months, p<.01; Figure 1(a)).

(2) Neutrophil to lymphocyte ratio and OSI

Approximately,  55%  patients had NLR  <6.5
(Supplementary Table 1). Using the log-rank method stratifi-
cation based on NLR of <6.5 vs. >6.5 revealed a significant
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Table 1. Factors associated with OSI.
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Multivariate analyses with stepwise

Univariate analyses elimination

Variable HR (95% Cl) p Value HR (95% Cl) p Value
Age (<65 vs. >65) 1.68 (0.73-3.83) 216
Race (Caucasian vs. non-Caucasian 0.50 (0.22-1.13) .098 0.53 (0.28-1.02) .060
Gender (male vs. female) 1.21 (0.53-2.75) .638
Histology (squamous vs. non-squamous) 2.66 (1.15-6.17) .022 1.60 (0.86-2.97) 134
ECOG PS (<1 vs. >1) 0.95 ( 0.39-2.27) 907
Smoking status

Never smoker Ref

Current smoker 2.32 (0.46-11.58) 302

Former smoker 1.83 (0.45-7.43) 394
mGPS (0 and 1 vs. 2) 0.47 ( 0.10-2.14) 342
Metastatic compartments (<1 vs. >1) 2.15 (0.63-7.36) 222
Liver involvement (yes vs. no) 2.10 (0.73-6.03) 168
Skeletal involvement (yes vs. no) 0.77 (0.23-2.56) 668
Brain metastasis (yes vs. no) 0.86 (0.26-2.82) 811
Stage (IlIB vs. IV) 0.54 (0.14-2.07) 369
CRP (<50 vs. >50) 4.28 (1.28-14.24) .018 1.99 (1.04-3.80) .037
Albumin (<3.5 vs. >3.5) 0.69 (0.24-1.98) 493
NLR (<6.5 vs. >6.5) 2.47 (1.08-5.61) .031 2.85 (1.53-5.28) .001
PNI (< 31.5 vs. >31.5) 3.19 (0.97-10.50) .055 4.46 (1.94-10.27) .000

Univariate analyses showed Caucasian race, non-squamous histology, CRP >50, NLR >6.5 and PNI >31.5 to be associated with
worse survival with p<.1. These were subsequently fit into the multivariate Cox regression model with backward elimination to

determine factors that independently affected OSI.
P Values <0.05 are shown in bold.

Factors that retained p<.05 as seen in the table were CRP, NLR and PNI.
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Figure 1. (a) C-reactive protein (CRP) affecting OSI. (b) Neutrophil to lymphocyte ratio (NLR) affecting OSI. (c) Prognostic nutritional index (PNI) affecting OSI.
(d) Modified Glasgow prognostic score (mGPS) affecting OSI. (e) Mean CRP with 95% Cl for N=34: (a) baseline CRP at immunotherapy initiation and (b) CRP at

grade Ill-IV irAEs. Paired t-test for a vs. b is displayed as p < .001.

difference in median OSI (9.6 vs. 3.8 months;
Figure 1(b)).
(3) Prognostic nutrition index and OSI

The optimal cutoff for PNI was designated to be 31.5

p < .01; patients with PNl <31.5 (Figure 1(c); 2 vs. 9.6 months;
p < .001).
(4) Modified Glasgow prognostic score and OSI

Based on the cut offs in the mGPS model described

based on the method described previously. The majority
(78.1%) had PNI >31.5. NSCLC patients with PNI >31.5 were
found to have significantly higher median OSI compared to

above, patients were grouped into three categories, i.e., O, 1
and 2. Our study population had a roughly similar distribu-
tion in the number of patients across all three categories
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(Supplementary Table 1). Median OSI was highest for mGPS
of 1 (11.3 months) followed by 6.7 months for mGPS of 0
and 5.5 months for mGPS of 1 (Figure 1(d)). No statistical dif-
ferences were noted between the groups.

Immune-related adverse events and inflammatory
biomarkers

In our NSCLC study population, 37% experienced an index
irAE ranging from grade Il to IV (Supplementary Table 1). We
noted a significant increase in CRP at the time of grade II-IV
irAEs compared to baseline CRP (Figure 1(e); a vs. b).
However, there was no statistically significant difference
between baseline, i.e., pre-ICB inflammatory biomarkers (CRP,
NLR, PNI, mGPS) in patients that had irAEs vs. those that did
not (Supplementary Table 1).

Discussion

Markers of systemic inflammation like, CRP, mGPS, NLR and
PNI have been shown to have a prognostic relevance in a
multitude of malignancies that is independent of clinicopa-
thological characteristics [10,13,14,18]. Furthermore, emerging
data from recent studies have tried to validate the predictive
utility of these readily available inflammatory biomarkers in
NSCLC patients treated with ICB [19-25]. To the best of our
knowledge, our data comprising of 87 patients with NSCLC
initiated on ICB, is one of the most extensive North American
experiences aimed at discerning the relationship between
OSI and readily available peripheral blood-based candidate
inflammatory biomarkers. Similar to some prior observations
in non-immunotherapy settings, we have attempted to dem-
onstrate an interdependence between baseline systemic
inflammation and survival with anti-PD-1 treatment. All
patients in our study had progressive or relapsed disease fol-
lowing platinum-based chemotherapy.

As a primary outcome, our study was able to demon-
strate a significant association of baseline CRP, NLR and PNI
with OSI for NSCLC patients treated with anti-PD-1 therapy.
These markers (CRP, NLR and PNI) indirectly represent
essential cellular components of the host immunome that
are pivotal to mechanisms regulating the degree of the
effectiveness of an immune-mediated anti-tumor response.
For example, at the molecular level, an elevated CRP has
been found to inversely correlate with the presence of CD-
4 infiltrating lymphocytes in the tumor milieu, which in-
turn represents a poor prognostic factor [26]. In the clinical
context, the role of CRP as a potential biomarker and its
relationship with cancer outcomes has been elucidated pre-
viously [18], with recent corroboration in melanoma treated
with ICB [27]. Similar to CRP, pretreatment NLR and PNI are
considered to be readily available parameters corresponding
crudely to the degree of host immune inflammation and
have been shown to stratify outcomes in a spectrum of
cancers [13,14]. Pre-clinical studies provide a bulk of evi-
dence to support the pro-metastatic role of neutrophils
[28]. Neutrophils can induce immunosuppression via an
array of mechanisms including inhibition of T-cell mediated

antitumor response by secreting factors such as arginase,
reactive oxygen species and nitric oxide [29]. Moreover,
albumin and lymphocytes that constitute the PNI,
as components of the host defense are known to
modulate the immune system to generate an anti-cancer
response [9,16].

More recently, emerging data looking into the usefulness
of measuring NLR in ICB for NSCLC provide compelling evi-
dence in favor of a high NLR serving as a measure of adverse
outcomes in the era of immunotherapy [19,30-32], which is
consistent with our results. Notably, our cutoffs for some of
the biomarkers studied here are in contrast to values used in
recent ICB data in NSCLC. Some recent studies have used a
reference cutoff of 5 for NLR [19,30,32], which is based on
previous historical standards derived from ICB in melanoma
[19,33]. Conversely, recent studies from two European [21,25]
and two American [34,35] groups used a different NLR sub-
stratification. Despite the differences in the cutoffs, all these
studies imply an elevated NLR to correlate with inferior sur-
vival. Given the variability in the cutoffs, serial monitoring of
these biomarkers rather than an absolute value at a single
time point may hold a higher degree of significance.

One of the objectives of this study was to assess the util-
ity of the mGPS in the era of immunotherapy. Data in a
recently published abstract from a French group have
depicted mGPS to have a predictive value in NSCLC patients
on nivolumab [23]. However, our results did not denote a
similar role for mGPS. Evaluating mGPS in a larger sample
size of patients on ICB with a more extended follow-up may
provide a better insight into the factors responsible for such
differences.

With the increasing use of ICB, there are a distinct set of
irAEs that have the potential to cause high morbidity and
treatment discontinuations [36]. Thus far, factors predisposing
some patients to high grade or early irAEs remain unclear.
We observed a direct relationship in the development of
irAEs and a simultaneous rise in CRP compared to baseline
levels (Figure 1(e)). This is analogous to the cytokine release
storm (CRS) observed in adoptive T-cell therapy which is
characterized by a similar CRP surge [37]. This intriguing
observation is hypothesis generating and raises the specula-
tion of dysregulated immune activation in the context of ICB.
We propose that similar to the CRS, immunological perturba-
tions post-ICB likely result in a cytokine surge causing a shift
towards a severe pro-inflammatory state. These pro-inflam-
matory alterations could potentially explain the development
of the irAE. Although these observations are very preliminary,
understanding these mechanisms could pave the way for
treatment modalities explicitly targeting inflammatory cas-
cades implicated in the pathophysiology irAEs.

There are several shortcomings of the study. First, the
design in which the patients were recruited and the retro-
spective nature of the data analysis can be prone to bias.
Due to of the lack of an appropriate comparator arm, the
predictive or prognostic utility of these peripheral blood-
based inflammatory markers is unclear at this point. Second,
our results were derived from a cohort that was not chemo-
therapy naive at ICB initiation, which may have influenced
the degree of baseline inflammation and hence the
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inflammatory biomarkers. As such, these results may not be
entirely applicable in the setting of upfront ICB in NSCLC.
Third, the cutoff for the biomarkers is a matter of debate as
depicted from comparison with recently published data. The
arbitrary nature of these variables precludes any practice
changing conclusions and warrants further analysis. Lastly, it
would be prudent to have a pooled multi-institutional ana-
lysis with an extended follow-up to have a clinically mean-
ingful understanding of the utility of these biomarkers in
survival stratification of patients on ICB.

Our study serves as a prelude to understanding the asso-
ciation of readily available inflammation linked peripheral
blood-based biomarkers with survival in ICB. These bio-
markers may serve as potential surrogates for the compound
immune interactions taking place within the tumor micro-
environment. We do understand that treating patients solely
based on biochemical markers has several limitations and
should not be the sole parameter for clinical decision-mak-
ing. However, the use of peripheral blood-derived inflamma-
tory biomarkers in survival stratification of ICB treated
patients can be a viable option that could enable optimal
designing of patient-tailored treatments and thus help guide
immunotherapy.
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