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Abstract

High-grade neuroendocrine tumors (HGNET) have distinctive tumor biology/behaviour. Newer modalities of treatment
(immunotherapy) for them have been included in recent NCCN guidelines. Detection of programmed death receptor-ligand 1
(PD-L1) expression by immunohistochemistry have made easy identification of patients eligible for immunotherapy. We aimed
to ascertain expression of PD-L1 on small cell and large cell neuroendocrine carcinomas of lung and review existing literature.
Eighty-five cases of HGNET lung (primary/metastatic), were retrieved and reviewed. Immunostaining for PD-L1 using clone
SP263 was done. Any amount/intensity of membranous staining of >= 1% tumor cells was cut-off for positivity. Previously
published studies using Google and/Pubmed search engines were reviewed. Of 85 cases, 70 were small-cell lung cancer (SCLC),
11 large-cell neuroendocrine carcinoma (LCNEC) and 4 combined SCLC. Median age was 46.5 years with male preponderance.
No PD-L1 expression was seen in 91.6% cases. The 7 positive cases were 4 LCNEC, 2 SCLC and 1 combined SCLC. The
percentage positivity varied from 1-100%; lower percentage positivity was seen in SCLC. PD-L1 expression on immune cells
was seen in 31.3% cases. Sixteen studies evaluating 1992 NET were found; E1IL3N PD-L1 clone was commonly used clone. PD-
L1 positivity was associated with better prognosis in most studies. There are only a few studies available in literature related to
PDL1 expression in high grade neuroendocrine carcinomas of lung. In general, PD-L1 positivity is highly variable and seen in
lower percentage of these tumors. With the recent approval of immunotherapy, biomarkers other than PD-L1 should also be
investigated in these tumors.
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Introduction lesions, the carcinoids (typical and atypical), large cell neuro-

endocrine carcinoma (LCNEC) and the small cell lung carci-
The 2015 World Health Organization (WHO) classification of ~ noma (SCLC) including the combined LCNEC and SCLC
the tumors of lung, pleura and thymus has classified the neu-  respectively [1]. Even though they are grouped together, the
roendocrine tumors (NET) of the lung into preinvasive  carcinoids differ significantly from the high grade LCNEC
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and SCLC in their biology and the overall behaviour of the
tumor. Therefore, while the primary treatment for the carci-
noids remain surgical resection, most of the high-grade lesions
especially SCLC are inoperable at the time of diagnosis and
require chemotherapy instead. While some cases respond to
primary chemotherapy, most relapse within the first year of
treatment, hence newer modalities including immunotherapy
are being explored for such patients [2]. The recent NCCN
guidelines have also incorporated immunotherapy in
extensive-disease SCLC (SCLC-ED) and SCLC where recur-
rence was within six months of therapy [3].

The immune check-point inhibitors targeting the pro-
grammed death-1 (PD-1) receptor on immune cells and its
ligand (PD-L1) on tumor cells have been the most sought-
after drugs for immunotherapy in recent times. Their easy
identification using immunohistochemistry (IHC) have
made them more lucrative and many past and ongoing
clinical trials have validated their safe and effective use
in many malignancies [4]. In view of this, the aim of our
study was to ascertain the expression of PD-L1 on high
grade NET of lung. We also conducted a review of liter-
ature and compared our results with previously published
studies on PD-L1 expression in NET of lung.

Materials and Methods

The study was of retrospective design and approved by the
institute ethics committee [IEC-582/02.11.2018]. Eighty five
cases of high grade neuroendocrine tumors of the lung (pri-
mary or metastatic), from June 2010 onwards, with available
blocks, were retrieved from the archives of the department of
pathology at the All India Institute of Medical Sciences, New
Delhi. The hematoxylin-eosin (H&E) stained slides were
reviewed to confirm the diagnosis. Sections were selected
for immunohistochemistry.

Immunohistochemistry

Sections from selected blocks were subjected to IHC for
PD-L1 (clone SP263, VENTANA Medical Systems, Inc)
which was performed on VENTANA benchmark XT plat-
form optimised with the OptiView DAB IHC Detection kit
(VENTANA Medical Systems, Inc). Sections from term
placenta were included as positive controls for endogenous
PD-L1 expression ( partial or complete membrane staining
at any intensity of trophoblast lineage cells). The guide-
lines for interpretation of PD-L1 IHC has been adopted
from the interpretation guide by VENTANA Inc. for PD-
L1 (SP263) Assay Staining of Non-Small Cell Lung
Cancer [5]. Any amount of membranous staining of tumor
cells by SP263 at any intensity greater than background
staining is considered positive. The membrane staining

@ Springer

can be discontinuous, circumferential or basolateral. Any
cytoplasmic staining was disregarded while ascertaining
positivity [5, 6]. At least 100 viable tumor cells were
assessed and the percentage of cells stained was deter-
mined (Tumor proportion score). We used 1% positive tu-
mor cells as the cut-off for PD-L1 positivity [7]. The im-
mune cells (IC) (lymphocytes and intra-alveolar macro-
phages) also demonstrate linear membranous, diffuse cy-
toplasmic, and/or punctate staining, but are not included in
the scoring criteria using the SP263 clone. However, we
tried to assess the percentage of tumors expressing PD-L1
in the IC also.

Results

Of a total of 85 cases (78 biopsies, 07 resections), the histo-
logical distribution was as follows: 70 SCLC, 11 LCNEC and
4 combined SCLC. The age of the patients varied from 28
years to 75 years (median and mean age: 46.5 years). There
was a male preponderance (Male =72; Female = 13), with
Male:Female ratio of 6:1. Of the total 85 cases, 2 cases of
SCLC had to be excluded due to insufficient tumor in the
block noticed in IHC stained slides.

PD-L1 expression on tumor cells

91.6% (76/83) cases were negative for PD-L1 staining in the
tumor cells. The seven (8.4%) positive cases (3 resections and
4 small biopsies) showed membranous staining in >=1%
tumor cells which include 36.3% (4/11) LCNEC (Fig.
1A,B), 25% (1/4) combined SCLC (Fig 1C) and 2.9%
(2/68) SCLC (Fig. 1D)]. The tumor proportion score for PD-
L1 in these seven cases has been depicted in Table 1.

PD-L1 Expression on IC

IC were present in 60.2% (50/83) of our cases.
Histologically, the cases with IC were distributed as fol-
lows: SCLC 72% (36/50), LCNEC 20% (10/50) and com-
bined SCLC 8% (4/50). 52% (26/50) were PD-L1 posi-
tive. Overall, 31.3% (26/83) of the cases had PD-L1 ex-
pressing IC (Fig. 1E, F). Histomorphologically, 23.5%
(16/68) SCLC, 45.4% (5/11) LCNEC and 75% (3/4) com-
bined SCLC had PD-L1 positive IC.

Review of Literature

After thorough internet search of the Pubmed and Google
search engines, we could find only 16 studies evaluating the
immunohistochemical expression of PD-L1 on NET of the
lung. A summary of the review has been shown in Table 2. A
total of 1992 pulmonary NET have been studied which include
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Fig. 1 PD-L1 expression in neuroendocrine carcinomas of the lung. (a, b)
Diffuse membranous staining of tumors cells in two cases of Large Cell
Neuroendocrine Carcinoma (LCNEC). (c) combined small cell carcino-
ma and (d) small cell carcinoma. (¢) Immune cell staining of PD-L1 in a

168 carcinoids (TC and AC), 1338 SCLC and 486 LCNEC.
The PD-L1 clones used as well as the scoring criteria is varied
across the studies. The E1L3N is the most commonly used
clone [8—13]. Most of the studies have scored PD-L1 in both
tumor cells as well as immune cells (IC) except in few where
only tumor cells have been scored especially those using the
E1L3N clone [8, 10-14]. Few studies have used the US Food
and Drug Administration (FDA) approved clones for NSCLC
[15-18]. Most of the studies have shown good survival charac-
teristics when PD-L1 was positive in the IC as compared to
tumor cells [16, 19-21]. Poor prognosis was associated with
tumor cell PD-L1 positivity in some [21, 22].

Table 1 Tumor proportion score in cases with PD-L1 positivity
PD-L1 Histologic Tumor

positive case subtype proportion score
Case 1 SCLC 90%

Case 2 SCLC 2%

Case 3 Combined SCLC 84%

Case 4 LCNEC 50%

Case 5 LCNEC 57%

Case 6 LCNEC 72%

Case 7 LCNEC 100%

2 3 L
A S | maels

gL S e . ® ol

case of LCNEC which included lymphocytes, plasma cells as well as (F)
alveolar macrophages. (Original magnification: a x 200, b x 400, ¢ x 100,
d x 40, e x 40, fx 200)

Discussion

NET of the lung form approximately 25% of primary lung
neoplasms and SCLC is the commonest among them [25].
The low grade NET (TC and AC) are primarily resected and
if there is loco-regional advanced disease, then they are ad-
ministered somatostatin analogues whereas, high grade tu-
mors are given chemotherapy upfront [25]. Due to the aggres-
sive nature of high-grade NET and their propensity to recur
despite therapy, newer modalities of treatment are being ex-
plored of which immunotherapy forms an important part and
PD-1/PD-L1 inhibitors are currently the front runners of this
group of drugs.

The tumor microenvironment plays an important role in
modifying the tumor milieu and thereby impacting the anti-
tumor immunity. The various components of this microenvi-
ronment are the IC, stromal cells, fibroblasts and the endothe-
lial cells. Among the IC, the CD4 helper T-cells, CDS8 + T-
cells, NK cells, dendritic cells and the M1 macrophages are
the anti-tumor inflammatory cells, whereas, the T regulatory
cells (Tregs) marked by FOXP3, CD4 helper T-cells, M2 mac-
rophages marked by CD163 + and the myeloid derived sup-
pressor cells (MDSC) promote tumor growth [26, 27]. The
anti-tumor T-cells, mainly the CDS + cells, play a crucial role
in maintaining adaptive immunity. Exhaustion of these T-cells
by repetitive stimulation by tumor antigens leads to

@ Springer



P. Guleria et al.

2366

STy “ojeropour ‘prur Jf

(%T$) LT1 D108
(%¥0) 8S DANDT

+ DI s (%6€) €L D1 pauress s[[ao (L) 81 OV
sisougoid poon (%TD 1201 %1 < lownjo uoniodoid D1 €07C (9%L1) 6€ DL v [91] 810z/1e 10 BULIfRSEY €]
+D1 31 stsousoid poon %8'9€ D1 (oanrsody,
+LJussougord 1ood  (9L/L1) %¥'TT DL I< X Ayisuoiur) 2100-H £€9¢dS DENDT 9L [12] 8107/18 12 wioyyary 1
SUop 10N (6£/1) %STIOL %1 a100s uonodoid towmny, £JTC 108 6¢ [s11810T /B10 EPRISEY 1]
(oD
%L9Y DINDT
(69) %¥'0€ DTS
+17-dd s (oantsody, (9) 9T OV
sisougoid opog (%L) LTT/ST DL I X Ayisuojur) 01008-H NETIH (9%) %€°0T DL LTz [z1] L1071 90 Bfonamsy, Q]
+1T-dd Surure)s snougiquiow I DANDT
sisousoid 1onog (ST1/SD) %17 OL %S =<DIL U o3ejuaorad [[20 zowny, NETIA ¥L O10S S11 [11] L10T/IB 10 BInUIRU] 6
+1T-dd# (vsn
sisougoid 1opog (%8°19) €8/S¥ DL %6 < oamsod Juedrad x Aysuduy ‘01q3unds) ‘994S 108 €8 [%2] L107/1B 30 OBIIN 8
AJoyeredos passasse (swoIsAS
+ DI s (%€ 1€) T61/09 DI ure)s jo Aysuojut as¥) Apoquue  (%$°L€) TL DANDT
sisougold poon (% 1°61) T61/6T DL %1 < pue s[[99 jo uontodord 1'T-Ad/TH-L9 (%S7T9) 0T1 DTOS 6l [oz] LT0g/18 %2 Wy L
%0¥—S"LE SOI
%S1 SOL
%S <
%S TS-0% SOI
%STE-0T SOL %S <
%1 < %1 <
%0S—S Ty DI 9109s paI[V JJO-10 %6
%SE=STT SOL JO UeIpaj\ HoAmd %1 rldS
Quop JON paIvy ‘pasn SOMd ¢ 9109s pal[V ‘8 — 8T ‘N¢T11d 108 o [01]9107/1% 10 epeye]. 9
(910495 “dreIopOW
ag-o10s ut 1epeg ‘[e30j “duou) ¢~ DI
aTo1os (%EEY) ¥61/¥8 DI a100s uonodod
1M UONB[PLId ON  (%9°07) ¥61/0% DL 1< Jownmy BT, 8 —8C PuB ¢y 1dS 108 v61 [81]19107/1B 32 NX S
aanmisod jusorad
Quop JON orey €< X Aysuoyuy NETId 108 8EI+TL [6] 910T/1E 10 251000 4
(%STD 01 DANDT
(uonodoid (%09) 8¥ D108
ureys 1-dd -0l Aysuayur) (uonnqusip (S°LD)
0q s sisousord poon (08/LY) %8°8S L =< Aysusyur Sururess) IS weaqy CC sproundre) 08 (611 910Z/1B 10 UBq €
+ I'T-dd J1 stsousord 1opog (%9°1L) TO1/€L %S < pauyap J0N wesqy 108 01 [€z] sTOT/Me 19 Iys| 4
(9%S81) T6/L1 DI (Areuotundenxa
duop 10N %0 DL pauonuawr JoN 9109s paI[V NETIH Pue [HS OT10S €€ “Krevownd [9) 46 [8] #10T/18 10 SIS !
ou
UOI}B[OLIOD [BAIAING aanisod Jud0I1ag Boimnp BLIOJLID SULI00S uo[) A3o103s1H S3SBD JO "ON. Iedkgoyny IS

Sun| 9y Jo SIOWN} SULIDOPUIOINAN UI UOISSAIAXS [T-(d JO SIMBION] JO MIIASY ¢ 3|qel

pringer

Qs



PD-L1 Expression in Small Cell and Large Cell Neuroendocrine Carcinomas of Lung: an Immunohistochemical... 2367

development of inhibitory receptors an important one of
which is PD-1 along with its ligand (PD-L1) [26]. Use of
immunotherapeutic drugs to check these immune check point
receptor interactions with their ligands help in boosting the
anti-tumor immunity of the individual [28]. Among the NET
of the lung, the T-cell mediated anti-tumor immunity has been
reported to be effective against the high grade tumors espe-
cially the SCLC, whereas the carcinoids have been found to be
relatively “immune desert” tumors [16]. Recent evidences
have suggested anti-PD-1 therapy to be beneficial in cancers
with high mutation burden and SCLC being such a malignan-
cy, drugs blocking the PD-1/PD-L1 pathway are bound to be
effective [2, 29]. Further, the active role of involvement of the
immune system in the pathogenesis of SCLC is evident by the
high incidence of paraneoplastic disorders associated with this
tumor. These disorders develop due to immune response
against same antigens expressed by tumor and neurons [2,
20, 30, 31]. Therefore, SCLC being an immunogenic tumor,
immunotherapy is a hope for these tumors. The NCCN guide-
lines have also recently added PD-L1 inhibitor atezolizumab
as the first line drug along with carboplatin and etoposide for
SCLC-ED. Further, PD-1 inhibitor pembrolizumab has been
recommended in all cases with relapse within 6 months of
therapy [3]. Studies evaluating PD-L1 expression in LCNEC
are even fewer.

The PD-1/PD-L1 status of a patient is assessed by their
immunohistochemical expression in the tumor tissue and the
response of anti-PD-1/PD-L1 therapy has been reported to be
higher in patients with high PD-1/PD-L1 expression [32].
Several clones of PD-L1 are available today some of which
have been approved by the US FDA for use as companion or
complementary diagnostics in various malignancies. We have
utilised SP263 run on VENTANA Benchmark XT platform,
which has been approved by the US FDA as a companion
diagnostic for urothelial carcinoma (UC) [33] and in Europe,
it is has been granted the Conformité Européenne (CE) mark
for in vitro diagnosis when durvalumab is being used in
NSCLC and UC, and when pembrolizumab or nivolumab
are used in NSCLC [34]. The International Association for
the Study of Lung Cancer (IASLC) recommended cut-offs
for PD-L1 clone SP263 for Durvalumab therapy is expression
in at least 25% of tumor cells and for Nivolumab the staining
is sub-grouped as follows: less than 1%, 1-5%, 5-10%, and
10% or greater [7]. Nearly 8% of our cases had PD-L1 posi-
tivity in more than 1% of the tumor cells. The incidences of
PD-L1 positive NET of lung across different studies have
varied immensely. PD-L1 expression in SCLC has been found
to be very low with amplification of its gene CD274 being
found in only 1.9% (4/210) cases in the study by George et al.
[14]. Studies based on IHC expression of PD-L1 in SCLC
have reported variations in their frequencies. Its frequency
has varied from 5.8% [12] to as much 71.6% [23].
Schultheis et al. in contrast have reported no expression of

Survival correlation

with PD-L1 +
Better prognosis if PD-L1 +
No difference in PFS

Poor prognosis

(45.3%)
TC 26/159 (16.3%)

Percent positive
TC & IC 72/159
IC 63/159 (39.6%)
TC 70/95 (74%)
TC 11/44 (25%)

5%

IC>1%

22C3 and 25%

Cut off
TC>
TC Score>=1
1% TC staining
for clones
28 —8 and
TC staining for
clone SP263

, 1=1-5%,
6-10%, 3 =11-25%,
>51%

26-50%, 5

Scoring criteria
% positive
0<1%
2
4=
28 —8,22C3, SP263 Tumor proportion score

Clone
SP142
EIL3N

LCNEC 28

Histology
LCNEC
SCLC

TC 35
AC?2
SCLC 94

No. of cases
159

95

44

Wang et al/2018 [22]
Ohtaki et al/2018 [13]

Author/year
Yoshimura et al/
2019 [17]

LCNEC: Large Cell Neuroendocrine Carcinoma, T: Tumor cell, IC: Immune cell, SCLC: Small cell carcinoma lung, TC: Typical Carcinoid, AC: Atypical Carcinoid, SCLC-LD: Small cell carcinoma lung

limited disease, SCLC-ED: Small cell carcinoma lung extensive disease, PFS: progression free survival

Table 2 (continued)

S

no
4

16
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PD-L1 in their cohort of 94 cases of pulmonary and
extrapulmonary small cell carcinoma [8]. A recent study using
the 22C3 clone of PD-L1 in SCLC, has reported approximate-
ly 12% of cases to be positive when a cut off of 1% was used
and 3% cases positive when they increased the cut-off of to
50% [35]. Similarly, PD-L1 expressing LCNEC have ranged
from 10.4% [12] to up to 100% [19]. A reason for this wide
range of positivity of PD-L1 in high-grade NET of the lung
can be the use of different clones of anti-PD-L1 for IHC along
with variable cut-offs. Fan et al. have used the clone ab205921
by Abcam along with staining intensity distribution method
[36] of scoring PD-L1 positivity and have demonstrated un-
usually high PD-L1 expression even in carcinoids. Similar
clone has been used in the study by Ishii et al. [23] with
demonstration of even higher PD-L1 expression in their co-
hort of SCLC. The high expression of PD-L1 in SCLC is in
contradiction to most other studies and can be attributed to the
unconventional clones of PD-L1 IHC used as well as the scor-
ing methodology adopted [6]. The other studies [15, 21, 37]
with relatively lower positivity including ours, have incorpo-
rated FDA approved clones and cut-offs for PD-L1 positivity.
A study comparing three different FDA approved clones (28
— 8, 22C3 and SP263) did not show any significant difference
in the tumor cell positivity, thereby reaffirming the use of only
standardized clones for PD-L1 evaluation [17]. Low expres-
sion of PD-L1 has also been shown in neuroendocrine tumors
of other sites [38]. An interesting observation was that all the
studies with high PD-L1 expression (>=50% positivity in
tumor cells), were carried out in South-East Asian population
especially of Mongolian origin (China and Japan) [13, 19, 23,
24]. So, an uncertainty of whether this variability can be as-
sociated to the race and ethnicity of the patients arises and may
need deliberation in future.

In addition, the controversy of whether to include only
tumor cells or IC or both while assessing PD-L1 expression
is also not clear. Moreover, clones like EIL3N are expressed
only on tumor cells [11-13] such that IC are not assessable in
those cases. These discrepancies highlight the importance of
the use of validated kits for PD-L1 assessment in tumors [39]
as well as the need to follow universal guidelines for reporting.
Nevertheless, despite the lack of consensus, various ongoing
trials on SCLC such as the Checkmate 032 [37], Keynote 028
[40] and IMpower-133 [41] have advocated the use of anti-
PD-L1 drugs in recurrent or SCLC-ED with significant differ-
ence in survival rates [42, 43]. The recommendations have
formed part of the recent updated NCCN guidelines for treat-
ment of SCLC as well as recurrent LCNEC of lung [3, 44].
Besides combinations with the standard chemotherapeutic
drugs, trials are ongoing to evaluate the efficacy of combina-
tion with other non-chemotherapy agents [45].

The various clones approved for PD-L1 detection (SP263,
22C3 and 28 — 8) in lung cancer are only validated for tumor
cell counting and not for IC assessment. Clone SP142 is the
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only one which has been standardized for assessment of IC
[46]. The SP263 clone stains the tumor cells better than the
other clones and its propensity to stain the IC is still not vali-
dated [5, 47]. Ours was the only other study using this clone of
PD-L1 on NET of lung besides that by Eichhorn et al. [21]
where they have evaluated only cases of LCNEC. While
analysing our cases, we noticed up to 60% of our cases
harbouring IC of which a fair amount of (up to 31.3%) cases
had easily discernible staining with the SP263 clone as com-
pared to tumor cell staining in only 8.4% cases which hints
towards immune privilege nature of these tumors. However,
the number of cases being very few, this may not be a true
representation of the frequency of PD-L1 on IC. Studies have
shown high mutation burden to correlate significantly with PD-
L1 positivity [20] and SCLC being one such tumor, immuno-
therapy has been seen to be beneficial in many such patients
irrespective of their PD-L1 status [48—51]. Research and clini-
cal trials have also shown that the predictive biomarkers used
for immune check point inhibitors which have been approved
for NSCLC cannot be applied for SCLC as both of these dis-
eases have different molecular basis. There have been sugges-
tions to ascertain different cut-off values and interpretations for
PD-L1 and other biomarkers for SCLC [45].

The use of PD-L1 as a prognostic marker has also been
controversial. Majority of the studies have demonstrated bet-
ter prognosis in patients with higher number of PD-L1 posi-
tive immune cells in SCLC [16, 20, 21, 23, 31, 52, 53] as well
as in non- small cell carcinoma of lung (NSCLC) [54]. Some
studies have even shown tumor cell positivity in NET to be
associated with better survival characteristics [11-13, 19, 23,
24]. Also, Eichhorn et al. [21], have demonstrated poor sur-
vival with tumor cell positivity in LCNEC and better progno-
sis in cases with IC expressing PD-L1. Therefore, multi-
institutional studies with larger cohort of patients and using
standardized clones for PD-L1 detection should be formulated
to assess the exact role of PD-L1 expression on NET of lung.
We also propose well defined criteria to be developed to assess
PD-L1 on IC using all FDA approved clones.

Few limitations of our study which we can enumerate are
as follows. Firstly, ours was a small study population with
inclusion of biopsy specimens for evaluation of PD-L1 which
may be affected by tumor heterogeneity. But this effect should
not impact much as studies using tissue microarrays [55-57],
which are equivalent to small biopsies, on different tumor
types have demonstrated significant results. Having stated
this, we would also like to reaffirm that most of the small
biopsies were SCLC being invariably detected in advanced
stages which are inoperable, making availability of resection
specimens of these cases almost nil. This scenario is likely to
be faced by most clinicians and therefore, PD-L1 assessment
in this cohort of patients may have to be done only on biop-
sies. Secondly, due to the small sample size with very few PD-
L1 positive cases, no survival analysis could be carried out.
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Finally, we did not have clinical data on the responses to anti-
PD-L1 immunotherapy of our cases as they were not prospec-
tively followed up to evaluate their clinical outcomes.

In conclusion, neuroendocrine carcinomas of lung demon-
strate PD-L1 positivity in very low percentages. Also, the lack
of standardized guidelines for use of PD-L1 IHC in this sub-
group of tumors may limit its reliability as a predictive bio-
marker however other immune biomarkers should also be
investigated to draw substantial conclusions.
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