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Abstract

Early elevation of inflammatory cytokines, such as IL-6 or TNF-a, or CRP, which is a surrogate marker for IL-6, following
commencement of PD-1/L1 inhibitors (PD1-I) may represent early activation of immune-cells. Serum IL-6 and TNF-a were
measured in 10 non-small cell lung cancer patients who were evaluable within the 7 days before and after commencement
of PD1-I. For CRP, medical records were reviewed and 34 patients with measured CRP within the 7 days before and after
the treatment were evaluated. In the 10 patients analyzed for IL-6/TNF-a, the serum levels of IL-6/TNF-a were not signifi-
cantly different between pre- and post-initial PD1-I [IL-6 20.3 (2.6—49.9) and 22.9 (3.6-96.1) pg/mL, p=0.453; TNF-a 1.6
(0.7-6.3) and 3.3 (0.7-9.6) pg/mL, p=0.329]; however, all four responses were observed among the 7 IL-6-elevated cases,
resulting in a response rate of 57%. In the 34 patients analyzed for CRP, CRP was significantly increased after initial PD1-I
[1.8 (0.1-17.8) mg/dL, 2.4 (0.0-27.8), p=0.001]. Notably, in the 31 evaluable cases, all responses were again observed in
either the IL-6 or CRP elevated groups and the response rate was 46% (11 of 24). The median overall survival time was not
reached in the elevated group and was 112 days in the non-elevated group (p =0.069). The early increase in inflammatory
cytokines with PD1-I was indicated to be predictive for the efficacy in patients with non-small cell lung cancer.
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Introduction

Recent advances in metastatic non-small cell lung cancer
(NSCLC) treatment have been dramatic and PD-1/PD-L1
inhibitors (PD1-I), either as a monotherapy or combination
with chemotherapy, were clearly one of the central contribu-
tors for these advances [1-9]. However, although cytotoxic
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T cells were known to have a crucial role in exerting anti-
tumor efficacy with PD1-I treatment, the detailed mecha-
nisms of their anti-tumor effect were not fully understood.
Inflammatory cytokines are known to be one of the essen-
tial factors for raising protective immunity against infec-
tious pathogens or neoplasms, and especially for connecting
innate and adaptive immunity, and usually increase when
host immunity is activated [10—12]. Regarding In preclinical
models, inflammatory cytokines were reported to increase
with PD-1/PD-L1 axis blockade through activation of T
cells, natural killer cells, macrophages, or tumor infiltrating
dendritic cells [13, 14]. However, little is known in humans.
Alterations to inflammatory cytokine levels after PD1-1
were reported by Sanmamed et al. and showed that IL-8
reduction 2—4 weeks after treatment with PD1-I was associ-
ated with responses and an increase in overall survival time,
while other cytokines, including IL-1f, IL-6, IL-10, IL-12,
and TNF-a, did not significantly change in patients with
melanoma or non-small cell lung cancer [15]. However, pre-
diction in 2—4 weeks later is not early enough and IL-8 is not
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commonly measured in clinical practice. Furthermore, vari-
ous factors including CRP at base-line, peripheral neutrophil
lymphocyte ratio, LDH, and immune-related adverse events
were indicated to be related to PD1-I efficacy [16-23], there
is no generally accepted predictive clinical marker for PD1-1
despite the recent robust pursuit.

Thus, we hypothesized that PD1-I activates immunity and
impact on inflammatory cytokines in the very early phase
after commencement of treatment and explored a possibility
that the early alteration in inflammatory cytokines is predic-
tive for the efficacy of PD1-I in patients with non-small cell
lung cancer.

Materials and methods

Clinical records of 49 patients with non-small cell lung
cancer who were treated with nivolumab or pembrolizumab
from January 2016 to May 2017 at Seirei Mikatahara Gen-
eral Hospital, Japan, were reviewed. Among them, 34 non-
small cell lung cancer patients with measured serum CRP
within 7 days before and after commencement of nivolumab
or pembrolizumab therapy were enrolled and analyzed. To
evaluate CRP changes during the 30 days after commence-
ment of PD1-I, 21 patients with serum CRP measurements
at all of four time points, day —7 to 0, day 1 to 7, day 8 to
15, and day 16 to 30, were included. When two or more
measurements were available during the same interval, data
from the closest day to the commencement of PD1-I for the
day —7 to 0 and data from the latest day for the other time
points were chosen.

Serum IL-6 and TNF-a were measured by chemilumi-
nescence enzyme immunoassay and enzyme-linked immu-
nosorbent assay, respectively, by SRL. Inc. (Tokyo, Japan),
in 10 non-small cell lung cancer patients who had evaluable
serums taken within 7 days before and after commencement
of PD1-I. Informed consent was obtained from the partici-
pants for the cytokine analysis according to the outline of
ethical guidelines for medical and health research involv-
ing human subjects in Japan. The Seirei Mikatahara Gen-
eral Hospital ethics committee approved the current study
(#17-7).

Changes in IL-6, TNF-a and CRP levels before and
after commencement of PD1-I were compared by two
sided paired t test. The relationship between IL-6, TNF-a,
and CRP changes (elevated or not elevated) to the response
rate and frequency of all or severe (> grade 3) adverse
events (SAEs) was analyzed with Fisher’s exact test. The
responses were evaluated according to the RECIST ver.
1.1[24], and the severity of adverse events was graded
based on common terminology criteria for adverse events
ver. 4.0. Overall survival was defined from the day of ini-
tial commencement of PD1-I to death or the final observed
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day and calculated according to the Kaplan—Meier method
and compared with the log-rank test. All statistical analy-
ses were performed with JMP version 5.01a (SAS Inc.,
Cary, NC, USA).

Results

Early serum IL-6 and TNF-a changes
and the responses to PD-1 inhibitors

Clinical characteristics of the 10 patients analyzed for
serum IL-6 and TNF-« are shown in Table 1. Their median
age was 68, and all had a performance status of 1 or 0. The
median cytokine measurements occurred 0 (range 0-7)
days ahead and 3.5 (2-7) days behind commencement of
PD1-1. All PD1-Is were nivolumab, and 6, 2, and 2 patients
received a second, third, and fifth line, respectively.

Serum concentrations of IL-6 and TNF-a were 20.3 pg/
ml (2.6-49.9) and 1.6 pg/ml (0.7-6.3)-treatment, and
22.9 pg/ml (3.6-96.1) and 3.3 pg/ml (0.7-9.6) post-treat-
ment. There were no significant differences between pre-
and post-initial PD1-I administration (p =0.45, 0.33). Par-
tial or complete responses were observed in 4 of 7 (57%)
and 0 of 3 (0%) IL-6 elevated and non-elevated cases,
respectively (p =0.20), and the response rate between
TNF-a elevated and non-elevated cases was similar, 33%
(2 of 6) and 50% (2 of 4) (p=0.60) (Table 2). The fre-
quency of SAEs was 43% in IL-6 elevated cases and 50%
in TNF-a elevated cases, while no SAEs were observed in
IL-6 or TNF-a non-elevated cases.

Table 1 Patient background for IL-6/TNF-a analysis

No. of patients 10

Age, years [median (range)] 68 (45-74)
Sex, male [n (%)] 9 (90)
Smoke, never 1/9

PS, 0-1/2—4 10/0
Stage, III/IV/recurrence 2/8
Previous chemotherapy, 1/>2 6/4

EGFR mutation, positive/negative/unknown 0/9/1

ALK translocation, positive/negative/unknown 0/9/1
Nivolumab/pembrolizumab 10/0

Days from anti-PD-1 ab to blood examination,
before/after [median(range)]

0 (0-7)/3.5 2-7)

PS Eastern Cooperative Oncology Group performance status, EGFR
epidermal growth factor receptor, ALK anaplastic lymphoma kinase
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Table 2 Alteration of cytokines and response

TNF-a (n=10) IL-6 (n=10) IL-6 or CRP (n=31)
Elevated Not-elevated p Elevated Not-elevated  p Either Not-elevated  p
elevated
No. of patients 6 4 7 3 24 7
Complete response [# (%)] 1(17) 0 1(14) 0 1 0
Partial response [n (%)] 1(17) 2 (50) 3 (43) 0 10 0
Response rate (%) 33 50 0.60 57 0 0.20 46 0 0.03*

CR complete response, PR partial response, CRP C-reactive protein
*p<0.05

Early CRP changes and the efficacy to PD-1
inhibitors

The clinical characteristics of 34 patients, including the
10 patients with measured cytokines, analyzed for serum
CRP alterations are shown in Table 3. Median age was 67
(45-89), and 30 of 34 patients were at PS 0 or 1. CRP was
measured 1 (range 0-7) day before and 3 (2-7) days after
the commencement of PD1-1.

CRP was significantly increased after initial PD1-I admin-
istration from 1.8 mg/dl (0.1-17.8) to 2.4 mg/dl (0.0-27.8)
(»p=0.001) (Fig. 1), and in 31 efficacy-evaluable cases, more
responses were observed when CRP was elevated, 10 of 22
(45%), compared to 1 of 9 (11%) in non-elevated CRP-
cases, although the difference was not statistically signifi-
cant (p=0.11). Of note, because the patient who responded
in the non-elevated CRP group showed IL-6 elevation, all
responding patients showed elevation of either of CRP or
IL-6 within 7 days. The response rate was 46% (11 of 24)
in cases with either elevated CRP or IL-6, which was sig-
nificantly higher than in patients where neither was elevated
(none of 7) (p=0.03) (Table 2). Furthermore, patients with

an increase in either IL-6 or CRP showed a tendency to live
longer than patients where neither was elevated (p=0.07)
and the median survival time was not reached and 112 days,
respectively (Fig. 2). The frequency of SAEs between either
IL-6 or CRP elevated and non-elevated patients was similar
29% vs. 43% (p =0.39) and that between CRP-elevated and
non-elevated patients was 28% vs. 44% (p=0.26). Immuno-
staining with PD-L1 (clone 22C3) was performed in nine
patients. Eight were 2 50% and one was 0%, and CRP was
elevated seven of the eight with staining and in the one
without.

CRP changes for 30 days after commencement
of PD-1 inhibitors

CRP data for 30 days after commencement of PD1-I in 21
patients who had CRP data for all of four time points, day
—7-0, 1-7, 8-15, and 16-28, are shown in Fig. 3. After
short-term surge within the first week, CRP reverted to the
baseline by day 8—15. CRP at day 16-28 did not increase
and was equivalent to day — 7-0, although 17 of the patients
received second administration of PD1-I.

Table 3 Patient background for
CRP analysis

All CRP-elevated CRP-not-elevated
No. of patients 34 25 9
Age, years [median (range)] 67 (45-89) 67 (45-89) 67 (55-74)
Sex, male [1 (%)] 26 (76) 19 (76) 7(78)
Smoke, never [n (%)] 6 (18) 5 (20) 1(11)
PS, 0-1 [n (%)] 30 (88) 23(92) 7(78)
Stage, I1I or IV/recurrence/others 30/2/2 22/1/2 8/1/0
Previous chemotherapy, 0/1/>2 4/14/16 4/12/9 0/2/7
EGFR mutation, positive/negative/unknown 1/27/6 0/19/6 1/8/0
ALK translocation, positive/negative/unknown  0/32/2 0/3/2 0/9/0
Nivolumab/pembrolizumab 28/6 19/6 9/0

Days from anti-PD-1 ab to CRP evaluation,

before/after [median (range)]

LO-7)/32-7) 1(0-D2C-T) 0(-1)/3(2-7)

PS Eastern Cooperative Oncology Group performance status, EGFR epidermal growth factor receptor,
ALK anaplastic lymphoma kinase, CRP C-reactive protein
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Fig.2 Overall survival curve after commencement of anti-PD-1 anti-
body therapy. Comparing cases with either elevated IL-6 or CRP with
cases where neither was elevated. Solid line: elevated cases, dotted
line: not elevated cases
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Fig.3 CRP transition before and after initial anti-PD-1 antibody
administration. Data from 21 patients with evaluable CRP data for all
of 4 time points, —7 to 0, 1 to 7, 8 to 14, 15 to 28 days from the
initial administration of ant-PD-1 antibody, are shown. *p<0.05,
**p <0.01
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cells, macrophages, and lymphocytes secret, is a common
inflammatory cytokines and is known to be pleiotropic
[11]. Although IL-6 is protective against infection through
promoting survival of lymphocytes, antibody production,
or bridging innate and adaptive immunity, it also functions
as an immune-suppressant through various mechanisms,
including induction of regulatory T cell, myeloid derived
suppressor cells, and type 2 macrophages, or exhaustion of
lymphocytes [11]. Further, a recent report that a combina-
tion of IL-6 inhibitors and PD-1/L1-inhibitors enhances anti-
tumor efficacy [25], together with the negative impact of pre-
treatment serum CRP levels on ICI efficacy [21], indicates
the superiority of the suppressive role of IL-6 on the induc-
tion of anti-tumor immunity. In the current study, we used
IL-6 and CRP, a surrogate marker of IL-6, as an indicator
for the activation of immune cells and showed a correlation
between elevation of IL-6 or CRP and an anti-tumor effect,
which indicates the importance of early immune activation,
rather than a role of IL-6 on immunity. Recently, several
studies reported that early development of immune-related
adverse events (irAEs) was predictive for the efficacy of
PD1-I in patients with non-small cell lung cancer. Of note,
Teraoka et al. showed that the development of irAEs 2 t0 6
weeks after commencement of PD1-I, mostly pyrexia and
rashes, was correlated with better efficacy of nivolumab
[18]. These results also suggest very early immune-activa-
tion after PD1-I administration. According to the nature of
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the immune-system, inflammatory cytokine production is
expected to precede irAEs development while, to the best
of our knowledge, the present study is the first to reveal
an association between short-term inflammatory cytokine
elevation and anti-tumor efficacy in PD1-I treatment.

In some patients, IL-6 or CRP not only increased but also
reduced after PD1-I administration. One possible explana-
tion for this is that the host immune system did not recog-
nize the tumor as foreign, also known as immune ignorance.
However, considering a report by Franceschini et al. that
showed regulatory T cells in mouse infected with hepatitis
C virus was activated and inhibited cytotoxic immunity with
PDI1-1 [26], there is also a possibility that PD-1 inhibitors
adversely interrupted and suppressed the immune reaction
through activation of immunosuppressive cells like regula-
tory T cells. These also explain that none of the 7 patients
without increases in either IL-6 or CRP within a week
responded to PD1-I and showed tendency to survive shorter.
Because of expected suppressive mechanism of cytotoxic
agents on regulatory T cells [27] and hopeful results of
clinical trials with a combination therapy of PD-1 or PD-L1
inhibitors and cytotoxic agents [1, 6, 7], the combination,
not monotherapy of PD1-I could be better choice for these
patients.

After early elevation, CRP decreased over time, reverted
to the baseline level in 2 weeks and did not increase again,
although 17 of 21 patients received a second administration
of PD1-I. This indicates two things; first, cytokine assess-
ment later than 2 weeks after commencement of PD1-I may
be too late to assess the impact of PD1-I on cytokine pro-
duction, and second, immune-reaction after initial PD1-1
is something distinctive from that after additional PD1-I
administrations. Although the detailed mechanism remains
unknown, Yamazaki et al. reported that the numbers of
CD3*, CD4%, and CD8* cells significantly decreased on day
3 after initial PD1-I administration and they all recovered on
day 43 [28]. More attention should be paid to the very early
immune-reaction after initial PD1-1.

This study has some limitations. Although all serum sam-
ples for cytokine and CRP measurements were taken within
a week after commencement of PD1-I, the time points at
which they were taken varied. Samples of 8/10 (80%) for
cytokine analysis and 29/34 (85%) for CRP analysis were
collected between day 2 and 4, while 15% of the CRP sam-
ples were taken from day 5 to 7. It should also be consid-
ered that a very limited range of cytokines, IL-6 and TNF-a,
were measured as representative of inflammatory cytokines.
Type of immune-cells mainly responsible for producing IL-6
and the detailed mechanism of immune-activation by PD1-I
remains unknown, and further analysis with other cytokines
such as IL-1f, IL-2, IL-10, TGF-p, MCP-1, etc. could be
more informative and enable study of the specific mecha-
nisms involved. Furthermore, the number of cases was small

and differences in patient background could bias the results.
Together with the inherent limitations in any retrospective
study, further studies with more of cases are needed to con-
firm these results.

In conclusion, initial PD1-I administration increased CRP
within a week in patients with non-small cell lung cancer,
which indicated early immune-activation, and the early ele-
vation of inflammatory cytokine was predictive for the effi-
cacy of PD1-I. Further analysis focusing on early immune-
activation after initial PD1-I is warranted.
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