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Abstract

Background: Which patients benefit from the addition of immune checkpoint inhibi-
tors (ICIs) to chemotherapy for small cell lung cancer (SCLC) remains unclear. There
have been few reports on the efficacy of ICIs based on conventional immunohisto-
chemical neuroendocrine (NE) markers (synaptophysin, chromogranin A, and neural
cell adhesion molecule [NCAM]). In the present study, we aimed to analyze the rela-
tionship between the expression of immunohistochemical NE markers and the efficacy
of ICIs in patients with extensive disease (ED)-SCLC, to assess whether conventional
NE markers are predictive of ICIs.

Methods: Patients with untreated ED-SCLC who received first-line therapy at the Shi-
zuoka Cancer Center between November 2002 and July 2021 were retrospectively
reviewed. We evaluated the efficacy of first-line chemotherapy according to the
expression status of each immunohistochemical NE marker in patients treated with
ICI plus chemotherapy (ICI-chemo group) and with chemotherapy alone (chemo
group).

Results: A total of 227 patients were included in the ICI-chemo and chemo groups,
respectively. The progression-free survival (PFS) tended to be better in patients in the
ICI-chemo group than those treated with chemotherapy alone in patients with NE
marker-positive SCLC. In particular, it was statistically significant in patients with
chromogranin A-positive SCLC (p = 0.036). In patients with NE marker-negative
SCLC, no significant differences were observed in PFS between the two groups. There
were no significant differences in overall survival (OS), regardless of the expression of
any conventional NE marker.

Conclusion: Our study suggests that the efficacy of ICIs in addition to chemotherapy
may be poor in patients with NE marker-negative SCLC.
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INTRODUCTION

Lung cancer is the most common cause of cancer-related
deaths worldwide.! Small cell lung cancer (SCLC) accounts
for 13% of all lung cancers and has a poor prognosis.'
Approximately 60%-70% of patients have extensive disease
(ED)-SCLC, and the median survival time (MST) for ED-
SCLC is 8-13 months.” Although no drugs have shown
promising results in improving the prognosis of patients with
ED-SCLC in recent decades, the results of the IMPower
133 study, which compared carboplatin, etoposide, and atezo-
lizumab with carboplatin, etoposide, and placebo in patients
with previously untreated ED-SCLC, were reported in 2018.
The primary endpoints of the trial were investigator-assessed
progression-free survival (PFS) and overall survival (OS). The
MST was 12.3 months in the atezolizumab group and
10.3 months in the placebo group (hazard ratio [HR], 0.70;
95% confidence interval [CI]: 0.54-0.91, p = 0.007). The
median PFS was 5.2 months and 4.3 months, respectively
(HR: 0.77, 95% CI: 0.62-0.96, p = 0.02). Additionally, the
results of the CASPIAN study, which has a similar design,
were reported in 2019.* The results of these studies have
shown that the addition of immune checkpoint inhibitors
(ICI) to chemotherapy is effective in patients with ED-SCLC
and non-small cell lung cancer (NSCLC). Based on these tri-
als, platinum agents plus etoposide combined with atezolizu-
mab or durvalumab are recommended as the first-line
treatment for patients with ED-SCLC.

Many guidelines recommend that patients with NSCLC
should be treated based on the subtype, according to the
expression level of programmed death ligand 1 (PD-L1) and
driver gene mutations.”™® The expression level of PD-LI is a
predictive marker for the efficacy of ICI in patients with
NSCLC, although the expression is incomplete. In SCLC,
there are no subgroups related to treatment efficacy. More-
over, PD-L1 expression was not a predictive marker of ICI
efficacy. Most SCLCs express conventional neuroendocrine
(NE) markers (synaptophysin, chromogranin A, and neural
cell adhesion molecule [NCAM]). Furthermore, there are
few reports on the efficacy of ICIs based on conventional
immunohistochemical NE markers. Thus, in this study, we
aimed to analyze the relationship between the expression of
immunohistochemical NE markers and the efficacy of IClIs
in patients with ED-SCLC, to assess whether conventional
NE markers are predictive of ICIs.

METHODS
Patients

We retrospectively analyzed the clinical data of patients with
ED-SCLC treated with first-line therapy between November
2002 and July 2021 at the Shizuoka Cancer Center. The
inclusion criteria were as follows: (1) histological confirma-
tion of SCLGC; (2) diagnosis of ED-SCLGC; (3) received carbo-
platin plus etoposide plus atezolizumab or cisplatin/

carboplatin plus etoposide plus durvalumab (ICI-chemo
group) or cisplatin plus irinotecan, cisplatin plus etoposide,
or carboplatin plus etoposide (chemo group) as first-line
chemotherapy; (4) patient tumor samples were assessed
using at least one of synaptophysin, chromogranin A, and
NCAM; and (5) no history of interstitial lung disease. To
assess the relationship between the immunostaining status
of conventional NE markers and the efficacy of ICIs in first-
line chemotherapy, we investigated the differences in the
efficacy of first-line chemotherapy between the ICI-chemo
and chemo groups according to the expression of immunos-
taining conventional NE markers.

Immunohistochemical analysis

Formalin-fixed paraffin-embedded samples were sectioned at
a thickness of 3 pm, mounted onto glass slides, and incubated
with an antimouse monoclonal antibody against synaptophy-
sin (clone 27G12) (Leica Biosystems) at a dilution of 1:100,
NCAM (clone CD564, Leica Biosystems) at a dilution of
1:100, and anti-rabbit polyclonal antibody chromogranin A
(Rabbit Polyclonal, Nichirei Bioscience), ready to use, for
immunohistochemical analysis. All slides were processed on
the Autostainer Bond-III platform (Leica Biosystems Inc.)
and visualized using a Leica Bond Polymer Refine Detection
kit (DS9800, Bond Polymer Refine Detection, Leica) accord-
ing to protocol F. Deparaffinization, rehydration, and antigen
retrieval were performed by Bond Epitope Retrieval Solution
1 (ER1) (prediluted; pH 6.0) for synaptophysin and chromo-
granin A in 20 min and Bond Epitope Retrieval Solution
2 (ER2) (prediluted; pH 9.0) for NCAM in 10 min. Nuclei
were lightly counterstained with Mayer’s hematoxylin.

Immunohistochemical staining was evaluated indepen-
dently by a pathologist and a physician (TK and YI, respec-
tively). The expression of each marker Ab (synaptophysin,
NCAM, and chromogranin A) in a tumor was defined as
positive when at least 1% of the tumor cells were stained
and negative when less than 1% were stained.

Evaluation and statistical analysis

We evaluated tumor response to chemotherapy in accordance
with the Response Evaluation Criteria in Solid Tumors by
performing chest and abdominal computed tomography,
head magnetic resonance imaging, bone scintigraphy, or posi-
tron emission tomography—computed tomography.” All cate-
gorical variables were analyzed using the chi-squared test or
Fisher’s exact test, as appropriate. Clinical evaluation of PFS
and OS after the initiation of first-line chemotherapy was
conducted using the Kaplan-Meier method to assess the time
of recurrence and death, respectively. Survival analyses were
performed using the log-rank test. The follow-up period was
estimated using the Kaplan-Meier method. All tests were
two-sided, and p-values <0.05 were considered statistically
significant. All the statistical analyses were performed using
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EZR (Saitama Medical Center, Jichi Medical University, Sai-
tama, Japan), a graphical interface for R (The R Foundation
for Statistical Computing, Vienna, Austria).'® Our study was
approved by the Institutional Review Board of the Shizuoka
Cancer Center.

RESULTS
Patient characteristics

A total of 227 patients diagnosed with ED-SCLC between
November 2002 and July 2021 were included. A total of
30 patients received ICI plus chemotherapy (ICI-
chemotherapy group), and 197 patients received chemother-
apy alone (chemotherapy group). Patient characteristics in
the ICI-chemo group were as follows: median age, 68 years
(range, 50-84 years); 86.7% males; 93.3% had a performance
status (PS) of 0 or 1; and all patients were past or current
smokers. Carboplatin, etoposide, and atezolizumab were the
most used drugs and were administered to 25 patients
(83.3%). All SCLC tumors in the ICI-chemo group were
stained with synaptophysin, chromogranin A, and NCAM.

Patient characteristics in the chemotherapy group were
as follows: median age, 70 years (range, 48-89 years); 80.7%
males; 70.3% had a PS of 0 or 1; and 98.0% were past or cur-
rent smokers. Carboplatin plus etoposide was the most used
drug, administered to 114 patients (57.9%). There were no
significant differences in age, sex, PS, smoking status,
expression of conventional NE markers, or subsequent che-
motherapy between the ICI-chemotherapy and chemother-
apy groups (Table 1).

Efficacy of first-line therapy between groups
according to the expression of NE marker status

No significant differences in patient characteristics such as
age, sex, PS, smoking status, and subsequent chemotherapy
were observed between the ICI-chemo and chemo groups,
regardless of the expression of each conventional NE
marker. The best overall response rate (ORR) for the first-
line treatment is shown in Table 2. There were no significant
differences in the ORR between the ICI-chemo and ICI-
chemo groups, regardless of synaptophysin expression
(84.6% and 83.1%, respectively, in the synaptophysin-
positive group, p = 0.166; and 75.0% and 76.3%, respec-
tively, in the synaptophysin-negative group, p = 0.457).
Regardless of chromogranin A expression, there were no sig-
nificant differences in ORR between the ICI-chemo and
chemo groups (81.8% and 83.1%, respectively, in the chro-
mogranin A-positive group, p = 0.313; and 87.5% and
81.0%, respectively, in the chromogranin A-negative group,
p = 0.669). Regardless of the expression of NCAM, there
were no significant differences in the ORR between the ICI-
chemotherapy and chemotherapy groups (85.7% and 81.9%,
respectively, in the NCAM-positive group, p = 0.149; and
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50.0% and 80.0%, respectively, in the NCAM-negative
group, p = 0.182).

The median PFS was significantly longer in the ICI-chemo
group than in the chemo group in chromogranin A-positive
group (5.8 months in the ICI-chemo group and 4.7 months in
the chemo group; p =0.036). The median PFS was
5.5 months in the ICI-chemo group and 5.0 months in the
chemo group; in Synaptophysin-positive group (p = 0.054)
and was 5.4 months in ICI-chemo group and 4.8 months in
the chemo group; NCAM-positive groups, respectively
(p = 0.090). There were no significant differences in PFS
between the two groups in any NE marker-negative SCLC
(p = 0.282 in the synaptophysin-negative group, p = 0.244 in
the chromogranin A-negative group, p = 0422 in the
NCAM-negative group). No significant differences were
observed in OS between the two groups regardless of the
expression of any NE markers (p=0213 in the
synaptophysin-positive ~ group, p=0.317 in  the
synaptophysin-negative group, p = 0.116 in the chromogranin
A-positive group, p = 0.688 in the chromogranin A-negative
group, p = 0.449 in the NCAM-positive group, p = 0.472 in
NCAM-negative group, respectively) (Figures 1 and 2). In the
population with PS 0-1, the median PFS was significantly lon-
ger in the ICI-chemo group than in the chemo group in the
synaptophysin- and chromogranin A-positive groups
(p =0.043 and p = 0.013, respectively). The median PFS in
the NCAM-positive group tended to be longer in the ICI-
chemo group than in the chemo group (p = 0.077). Further,
in the population with PS 0-1, the median OS for chromogra-
nin A-positive group was significantly longer in the ICI-
chemo group than in the chemo group (p = 0.016). There
were no significant differences in the synaptophysin- and
NCAM-positive groups (p = 0.154 and p = 0.212, respec-
tively). Moreover, no significant differences were found
between the two groups in any NE marker-negative SCLC in
the population with PS 0-1 for both PFS (p = 0.546 in the
synaptophysin-negative group, p = 0.158 in the chromogranin
A-negative group, p = 0.624 in the NCAM-negative group)
and OS (p=0.752 in the synaptophysin-negative group,
p = 0.563 in the chromogranin A-negative group, p = 0.643
in the NCAM-negative group).

DISCUSSION

We retrospectively analyzed the relationship between the
efficacy of ICIs and the expression patterns of conventional
NE markers such as synaptophysin, chromogranin A, and
NCAM in patients with ED-SCLC. PFS tended to be better
in the ICI-chemo group than in the chemo-group in patients
with any NE marker-positive SCLC, and was statistically sig-
nificant in patients with chromogranin A-positive SCLC.
However, no significant differences were observed in any of
the NE marker-negative SCLC patients between the groups.
Our study suggests that the efficacy of ICIs in addition to
chemotherapy may not be demonstrated in conventional
NE marker-negative SCLC.
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TABLE 1 Characteristics of patients.
ICI-chemo group (n = 30) Chemotherapy alone group (n = 197) p-value
Age (years)
Median/range 68/50-84 70/48-86 0.945
Gender, n (%)
Male 26 (86.7%) 159 (80.7%) 0.614
Female 4 (13.3%) 38 (19.3%)
PS at first-line treatment, n (%)
0-1 28 (93.3%) 139 (70.5%) 0.0788
2-4 2 (6.7%) 58 (29.5%)
Smoking status, # (%)
Current or former 30 (100%) 193 (98.0%) 1.000
Never 0 (0%) 2 (1.0%)
Unknown 0 (0%) 2 (1.0%)
Histological classification
Small cell carcinoma 28 (93.3%) 193 (98.0%) 0.181
Combined small cell carcinoma 2 (6.7%) 4 (2.0%)
Regimen of first-line treatment, 7 (%)
Carboplatin plus etoposide plus atezolizumab 25 (83.3%) -
Cisplatin plus etoposide plus durvalumab 4 (13.3%) -
Carboplatin plus etoposide plus durvalumab 1(3.3%) -
Carboplatin plus etoposide - 114 (57.9%)
Cisplatin plus irinotecan - 60 (30.5%)
Cisplatin plus etoposide - 23 (11.7%)
Expression of synaptophysin
Positive 26 (86.7%) 153 (77.7%) 0.465
Negative 4 (13.3%) 38 (19.3%)
Expression of chromogranin A
Positive 22 (73.3%) 100 (50.8%) 0.072
Negative 8 (26.7%) 84 (42.6%)
Expression of NCAM
Positive 28 (93.3%) 182 (92.4%) 0.668
Negative 2 (6.7%) 10 (5.1%)
Subsequent chemotherapy, n (%)
Yes 19 (63.3%) 139 (70.6%) 0.400
No 11 (36.7%) 57 (28.9%)

Abbreviations: ICI, immune checkpoint inhibitor; NCAM, neural cell adhesion molecule; PS, performance status.

It has recently been proposed that SCLC can be divided
into four subtypes based on RNA expression: Achaete-Scute
family bHLH transcription factor 1 (ASCLI), neurogenic
differentiation factor 1 (NeuroD1), POU class 2 homeobox
3 (POU2F3), and yes-associated protein 1 (YAP1)."' These
subgroups are referred to as SCLC-A, SCLC-N, SCLC-P,
and SCLC-Y, respectively. Gay et al. reported four subtypes
based on the transcription factors ASCLI, NEURODI, and
POU2F3."? In their report, the expression of YAPI was also
observed in SCLC-P, and subgroup classification based on
the expression of YAPI was not possible. Instead of SCLC-Y
cells, they proposed a fourth group named the inflamed sub-
type SCLC-I with a low expression of ASCLI, NEURODI,
and POU2F3, which expressed genes associated with

immune checkpoints and the human leukocyte antigen. This
group was named the inflamed subtype SCLC-I. They also
assessed the expression of ASCL1, NEURODI, and POU2F3
using 276 samples from patients who participated in the
IMPower 133 study. The proportions with SCLC-A,
SCLC-N, SCLC-I, and SCLC-P were 51%, 23%, 18%, and
7%, respectively. The HR for death tended to be better in
the carboplatin and etoposide plus atezolizumab (EP
+ atezo) group than in the carboplatin and etoposide
(EP) group in all four subgroups. However, no significant
difference in OS was found between the four groups in the
EP arm. In particular, the difference in MST between EP
+ atezo and EP was greatest in SCLC-I, with a significantly
longer OS than that of the other subgroups in the EP
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TABLE 2 Best overall response to first-line treatment.

NCAM

Chromogranin A

Synaptophysin

All

Negative

Positive

Negative

Positive

Negative

Positive

ICI-¢

ICI-c

ICI-c

ICI-¢c

ICI-c

ICI-¢

10

182

28

84

100

22

38

153

26

197

30

Response, %

)
80.0%)
)

)
20.0%)
)

g _
-~ £ L ~
SE
L x =& 0 8 5
e = x n R X
S o 2L 45 8
S ¥ 5 oL e
-~ = 2 =2 K o
g o -
-~ 5 888
X o X o v
S T & N 8o«
ey e
© A ©o & @~ o~
g _ - -
gz 5% 8 3
R o @2 R 2 X
S T x F © S
e L & e
o & ~n w »n o
X X
[t e
SN X d xR
s T2z e
o N © ~ o o
P
SSEEE S
S o 22 <2 X
— =~ N © +F o
gLt e e
—~ ® N © W o
g
- 2 2 8 2 ¥
gwgﬁmm
S = S & % =
e LT e 22T
o = ©o & ~ ~

c\° —
a3 e 8
NI B
xR 2 29 «»6 X
S = un un 9~ O
S 2Lz
S N & A oun o
X X
22 s¢
S 1B Xy XX
s aese
o N O -~ O o
g ~
~ T e ~ ~
S d g8 2
N =2 o 9 0 X
S o = n o O
S 8 4 Lcee
— = = 0 N O
g - - -
R
X o X X N X
S~ oS o0 N oon
e g e e
o N © @~ & @~
[
@_;c*’&’&‘
S ® o=
N = LB nuon X
s 5 2 22 g
S 3 ¢ & o =
- =2 = =2 =2 o
3 —~
< <3
T =~ ~
-~ 2 208 8 %
X o X s @ O
S~ O = n N
e g e zccCcce
S N o N o~ o~
[a)]
n
Z
<
3
M 2 A A B3
O &~ » A~ Z Z

87.5% 81.0% 85.7% 81.9% 50.0% 80.0%

83.0%

76.3%

75.0%

83.1%

84.6%

81.7%

83.3%

ORR, %

0.182

0.149

0.669

0.313

0.457

0.166

0.106

p-value

Abbreviations: ¢, chemotherapy; CR, complete response; ICI-c, immune checkpoint inhibitor plus chemotherapy; NCAM, neural cell adhesion molecule; N-CR/N-PD, not complete response/not progressive disease; NE, neuroendocrine; ORR, overall response

rate; PD, progressive disease; PR, partial response; SD, stable disease.

+ atezo arm (HR: 0.566, 95% CI: 0.321-0.998). Based on
these results, it is suggested that the classification of SCLC
based on RNA expression, especially SCLC-I, may be predic-
tive of the efficacy of ICIs. Furthermore, SCLC-P was espe-
cially poor in terms of OS relative to the other three
subtypes in each arm, despite the trend towards improve-
ment in the EP + atezo arm. Therefore, SCLC-P may be a
marker of poor prognosis. Further, the association with the
classification of SCLC based on RNA expression and con-
ventional NE markers has been reported. Gay et al. also
assessed the expression levels of NE genes, such as chromo-
granin A and synaptophysin, in the four subgroups men-
tioned above, and found that SCLC-A and SCLC-N have
significantly higher mRNA expression levels of NE genes
than SCLC-I and SCLC-P. Baine et al. assessed the expres-
sion levels of ASCL1, NEUROD1, POU2F3, and YAP1 by
immunohistochemistry using the H-score and the relation-
ship between these new markers and conventional NE
markers, chromogranin A, synaptophysin, CD56 (NCAM),
and insulinoma-associated 1 (INSM1).'*> The ASCL1/NEU-
RODI1 double-negative group showed significantly lower
expression of conventional NE markers than the ASCL1 or
NEUROD1 dominant subtypes. Although it has been sug-
gested that the conventional NE marker may become a sur-
rogate for these new classifications and a predictive marker
of treatment, there has been few reports on the efficacy of
treatment based on conventional NE markers in SCLC. In
this report, our study suggests that the efficacy of ICIs
in addition to chemotherapy may be poor in conventional
NE marker-negative SCLC. A previous report showed
SCLC-P, which expresses POU2F3, tends to have worse OS
than other subtype groups in patients treated with EP
+ atezo.'” Other reports have shown that SCLC-P is
strongly associated with low immunohistochemical expres-
sion of conventional NE markers, such as chromogranin A,
synaptophysin, and CD56.">"'> Therefore, our results might
be associated with a previous report that SCLC-P had a
shorter OS than the other three subtypes in the treatment of
atezolizumab in addition to chemotherapy.'

Few studies have assessed the relationship between NE
marker expression and SCLC prognosis. Previous studies
have assessed the association between the efficacy of cyto-
toxic chemotherapy alone and prognosis. However, it is
unclear whether the expression of conventional NE markers
is associated with prognosis.'®'” Therefore, we believe that
our report will be useful in the era of ICI therapy. Further-
more, transcription factors, such as ASCLI, NEURODI, and
POU2F3 are not routinely evaluated because they are diffi-
cult to measure in clinical practice. However, IHC testing
for conventional NE markers, such as synaptophysin,
chromogranin A, and NCAM is widely used to diagnose
SCLC."'® Therefore, our results may be more meaningful
than those previously reported to assess prognosis using
transcription factors in clinical practice.'* Currently, SCLC
treatments do not differ based on the expression of conven-
tional NE markers. Based on our results showing that the
efficacy of ICIs in addition to chemotherapy might be poor
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in conventional NE marker-negative SCLC, personalized
medicine based on the expression of conventional NE
markers is needed in SCLC.

Finally, our study had several limitations. First, the
sample size was small, and this study was the result of a
single-center analysis. However, there are few reports on the
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FIGURE 2 Overall survival of patients with tumors stained by synaptophysin (a, b), chromogranin A (c, d), and neural cell adhesion molecule (NCAM)
(e, f) between the immune checkpoint inhibitor (ICI) plus chemotherapy group and chemotherapy alone groups.

relationship between the expression of conventional NE  finding needs to be further validated using a larger sample
markers and the efficacy of ICIs in first-line therapy; thus,  size in multicenter studies. Second, we assessed each NE
the results of this report may be considered important. This marker-negative SCLC as a tumor in which all tumor cells
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were negative for each NE marker, and NE marker-positive
SCLC as a tumor that was slightly positive. Previous reports
have assessed the expression of markers based on the per-
centage of positive cells, intensity of labeling, and H-score."?
If our study had used the H-score, the results may have dif-
fered. However, the definition of positivity in our study was
considered more stringent than that of the H-score. There-
fore, we consider our results credible. Third, all SCLC
tumors in the chemo group were not stained by synaptophy-
sin, chromogranin A, and NCAM. We did not assess the
association between ICI efficacy and the number of positive
results using conventional NE markers. Finally, the timing
of the response assessment was decided by each physician,
which might have introduced variance in the ORR and PES.
Considering this limitation, we also assessed the OS, which
is a reliable endpoint.

In conclusion, our results suggest that the efficacy of
ICIs in addition to chemotherapy may be poor in conven-
tional NE marker-negative SCLC.
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