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Abstract

We previously showed that while EGFR mutations are not a feature of pure squamous cell
carcinomas of lung (SQC), these mutations do occur in adenosquamous carcinomas (AD-SQC)
and in rare solid adenocarcinomas (ADC), both of which can mimic SQC in small samples. Here
we present an expanded series of these cases with afocus on sensitivity to erlotinib. The study
included 13 patients with EGFR mutant lung carcinomas, which after detailed pathologic review
were classified as AD-SQC (n=11) or solid ADC (n=2). The mgority received adiagnosis of
“SQC” in at least one sample. All patients were treated with erlotinib. 8 of 11 patients with AD-
SQC were evaluable for response. Their overall response rate was 88% (7/8; 95% Cl: 47%—-99%).
One of 2 solid ADC patients responded to erlatinib. As agroup, median PFS was 12 months (95%
Cl: 8-NR); median OS was 29 months (95% CI: 27-NR). In conclusion, EGFR mutant AD-SQC
and solid ADC show aresponse to erlotinib that is comparable to that seen in patients with
conventional ADC. These tumors can mimic SQC in small samples. We propose an approach to
increase the capture of these rare histology patients for EGFR mutation testing.
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Introduction

The sensitivity of a subset of non-small cell lung cancers (NSCLC) to EGFR tyrosine kinase
inhibitors (TKIs) is firmly linked to the presence of activating EGFRmutations (1). EGFR
mutations occur almost exclusively in conventional adenocarcinomas of lung (ADC). The
majority of the data on TKI sensitivity is thus derived from mutations that arise in this
histology, with radiographic response rates ranging from 55% to 91% and progression-free
survival ranging from 7 to 13 months (1, 2).
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In contrast to TKI sensitivity in conventional ADCs, TKI sensitivity in EGFR-mutant
carcinomas of unusual histology is not well established. Recent data suggest that histology
can modify the sensitivity of EGFR-mutant tumorsto TKIs. For example, carcinomas with
epithelial-mesenchymal transition and small cell carcinomas may be inherently TKI-
resistant despite the presence of activating EGFR mutations (3-5). The impact of other non-
adenocarcinoma histologies, particularly squamous, on determining response to EGFR TKls
is not well established.

Whether EGFR mutations do arise in squamous cell carcinomas of the lung (SQC) isitself a
controversial topic. While several large series of surgically-resected SQC tumors found no
EGFRmutations (6, 7), anumber of reports, primarily from small biopsy/cytology samples,
have found EGFR mutationsin asmall proportion of SQCs. We have recently shown that
the two main settingsin which clinical small biopsy/cytology samples with adiagnosis of
SQC are found to harbor EGFR mutations include 1) undersampling of adenosquamous
carcinoma (AD-SQC), and 2) morphologic mimicry by solid ADC (8). We ourselves have
found no EGFR mutations among 95 surgically-resected and pathol ogically-verified SQCs
at our ingtitution (8). This suggests that when abundant primary tumor is available for
rigorous pathologic evaluation, the low rate of £EGFR mutations collapses.

Adenosguamous carcinomais arare type of lung cancer, representing 0.4-4% of NSCLCs,
and consists of a mixture of both adeno and squamous components. £GFR mutations occur
in AD-SQCs with asimilar frequency asin ADC, and with asimilar predilection for never-
smokers. Notably, EGFR mutations are present in both the adeno and squamous components
of these tumors (9-11). The well-known diagnostic limitation inherent to small biopsy/
cytology specimensisthat such samples may contain only a single component. This may
result in a detection of EGFR mutationsin a sample diagnosed as“SQC”.

The second, less common, explanation for the detection of EGFRmutationsin SQC isan
unusual morphologic variant of ADC marked by a solid growth pattern. This can closely
mimic SQC (we termed this squamous-like variant of ADC “ pseudosquamous’ or
“sguamoid”) (8). Despite a morphologic similarity to SQC, immunohistochemistry (IHC)
can readily distinguish between these two histologies. Given the increasing utilization of
IHC to characterize poorly-differentiated NSCL Cs, this morphologic mimic is unlikely to
appear under the guise of “SQC” in the future.

In this study, we expanded on data from our initial series of EGFR-mutant carcinomas with
squamous and pseudosquamous histologies. Because the sensitivity to EGFR TKIsin
carcinomas with these unusual histologiesis not established, we sought to retrospectively
determine the response of these tumors to erlotinib.

Material and Methods
Study Design, Patients, and Radiographic Response

We identified 13 patients with EGFR-mutant NSCL Cs that had a true squamous component
(n=11) or solid/pseudosquamous ADC histology (n=2). Based on our recent study (8), we
refer to all EGFR-mutant samples that had a true squamous component (as confirmed by
morphology and IHC) as representative of AD-SQC, irrespective of whether a glandular
component could (n=9) or could not (n=2) be found on pathologic re-review. All pathologic
samples were re-reviewed by two thoracic pathologists (NR, ALM) using light microscopy
and IHC, as described in our recent publication (8). All patients were diagnosed with
recurrent or metastatic disease and treated with erlotinib. Where available, baseline and
follow-up CT scans were reviewed to determine radiographic response to erlotinib as per
RECIST 1.1. The study was approved by the MSKCC Institutional Review Board.
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Genotype Analysis

Briefly, EGFR exon 19 deletions were identified through a PCR-based assay (12). EGFR
exon 21 mutations, including secondary T790M mutations, as well as mutationsin AK71,
BRAF, ERBB2, KRAS MEK1, NRAS and PIK3CA were assayed by Sequenom
(Sequenom, Inc., San Diego, CA), as described previously (8).

Statistical Analysis

Results

Progression-free survival (PFS) was measured from the date at which treatment with
erlotinib began to the date at which there was evidence of radiographic progression. Overall
survival (OS) was measured from the date of diagnosis of stage IV disease until the date of
death. Survival probabilities were calculated using the Kaplan-Meier method. Group
comparison was performed with log-rank tests and Cox proportional hazards methods.
Statistical analyses were performed using SAS statistical software (SAS Ingtitute, Inc, Cary,
NC).

Patient and tumor characteristics

Clinicopathologic characteristics for the 11 patients with EGFR-mutant AD-SQC are
summarized in Table 1. Details of the pathologic review of samples from patients 1 through
7 are provided in our recent publication (corresponding patient IDs are indicated in Table 1)
(8). An analogous pathologic review was performed for patients newly identified in this
series (patients 8-11). Overall, 9 of 11 patients had at least one sample with a pathologic
diagnosis of SQC, highlighting the difficulty in the diagnosis of AD-SQC in small samples.
Clinicopathologic characteristics for the 2 patients with solid/pseudosquamous ADC are
summarized in Table 2; their detailed morphologic and IHC characteristics are described in
reference (8). Eleven of 13 (85%) patientsin the cohort were never smokers.

EGFR mutation status

Asshownin Tables 1 and 2, EGFR mutations included exon 19 deletions (n=9) and exon 21
L858R substitutions (n= 4). No other mutations were detected. Eight patients with AD-SQC
(patients 1-8) had paired biopsies from other sites or time-points which were used to
demonstrate the presence of both squamous and glandular componentsin different samples
from the same patient. Of these 8 patients, 5 had sufficient material for genotyping in both
biopsies, which revealed identical EGFRmutationsin all paired samples, supporting their
clonal relationship despite the heterogeneous histology.

Of note, 3 samplesin this series (from patients 1, 2 and 3) were biopsies taken at the time of
acquired resistance (AR) to erlotinib. Two of the AR samples were entirely sqguamous
(patients 1 and 2) and one was adenosguamous (patient 3). Notably, a squamous histology
was also present in 2 of 3 pre-treatment biopsies (patients 1, 3). None of the 3 AR samples
harbored a secondary T790M mutation, while the original sensitizing £GFR mutation was
detected in all 3 samples.

Response to erlotinib

Of the 11 patients with AD-SQC, 8 were evaluable for response. Their overall response rate
(ORR) was 88% (7/8 partial responses; 95% Cl: 47%-99%). One of 8 patients had stable
disease. Of the 2 patients with solid ADC, one patient had a partia response to erlotinib and
the other, stable disease. A waterfall plot of response is shown in Figure 1.
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Only one patient (patient 4) had evidence, by outside report, of a divergent response to
erlotinib at 2 histologically distinct biopsy sites, where a parenchymal lung tumor shrank
(ADC) while a sacral metastasis (SQC) increased in both size and FDG-avidity. Other
patientsin this group had no evidence of heterogeneous radiol ogic responses, although no
other patient in this series had distinct histologies at different sites of disease at the time of
erlotinib treatment.

The median PFS of all evaluable patients (AD-SQC and solid ADC) treated with erlotinib
was 12 months (95% CI: 8-NR) (Figure 2). Median OS was 29 months (95% Cl: 16-NR)
(Figure 3). For patients with AD-SQC, median PFS was 12 months (95% Cl: 8-NR) and
median OS was 29 months (95% CI: 27-NR).

Discussion

We recently demonstrated that £GFR-mutant SQCs of lung usually represent undersampled
AD-SQC or, less commonly, asolid variant of ADC (8). Here we expand on this
observation, and show that these unusual tumors have an overall sensitivity to erlotinib that
issimilar to that seen in patients with conventional ADCs.

Prior reports on the sensitivity of EGFR-mutant carcinomas with squamous histology (which
our study suggests represent, in the magjority of cases, undersampled AD-SQC) to EGFR
TKIsinclude only several small case series. Based on a pooled analysis of 15 publications,
Shukuya et al. (13) suggested that SQCs with sensitizing EGFR mutations have a
diminished sensitivity to EGFR TKIs, with an ORR of 38% (n=16 patients) and median PFS
of 3.1 months (n=10 patients). In addition, severa studies have described TKI responsesin
SQCsthat harbor atypical or complex EGFR mutations — mutations which are thought to
have no or uncertain TK1 sensitizing potential (13), and SQCs lacking EGFR mutations (14,
15), suggesting that TK| responses in some SQCs may be related to factors other than
activating EGFR mutations.

Our study isthe largest single series to report on the response to erlotinib in patients with
sensitizing EGFR mutations in NSCL Cs with a squamous component. In contrast to the
lower response seen in aggregate from prior studies, we found that these patients have an
ORR of 88% and a median PFS of 12 months. Responses appeared to be uniform in almost
all cases. We do note that one patient (Patient 4) in our series had a divergent radiographic
response to erlotinib, with what appeared to be primary resistance at a sacral lesion that was
histol ogically-confirmed as squamous carcinoma.

This series also included 3 patients who had a squamous component in samples obtained at
the time of AR to erlotinib. Unlike cases of small cell and epithelial-mesenchymal
transformation, there have been no reports correlating squamous histology with the
development of AR to EGFR TKIs (3, 4). Notably, in 2 of 3 of our patients, a squamous
component was a so present in a pre-treatment sample, suggesting that the squamous
histology seen at the time of AR ismore likely a manifestation of the patient’s underlying
AD-SQC than aresult of histologic transformation. Selection for the squamous component
of the underlying AD-SQC remains a possibility which we cannot exclude, however,
particularly given the absence of the most common mechanism of resistance (T790M) in all
3 AR samples with squamous histology.

Given the clinical benefit demonstrated herein, an important practical question is how best
to capture these rare unusual-histology patients for EGFR mutation testing. As afirst step,
we recommend using strict morphologic criteriaand, if needed, widely-advocated IHC
markers to establish adiagnosis of SQC and to exclude solid/pseudosquamous ADC (8, 16,
17). Cases found to represent solid ADC should be tested for EGFR mutations and treated
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with TKI based on the responses demonstrated herein. For pathologically-verified SQC in
primary resections (where the likelihood of undersampled AD-SQC islow), we do not
advocate routine EGFRtesting, which is supported by the lack of EGFRmutationsin such
samplesin prior studies (6, 7).

In small biopsy samples, however, neither morphology nor IHC can surmount the problem
of incomplete sampling of an underlying AD-SQC, where the glandular component may
simply not be represented. While analysis of multiple small samples (asin this retrospective
series) increases the likelihood of detecting both components, it does not guarantee it. Thus,
in a prospective setting, it may be impossible to distinguish pure SQC from a component of
AD-SQC in asingle (or several) small samples. Given thisinherent limitation, the only way
to ensure capture of all EGFR mutations would beto test all small samples with adiagnosis
of SQC. Thisisunlikely to be cost-effective, given the low prevalence of AD-SQC relative
to pure SQC. Asamost all casesin this series were referred for EGFR mutation testing
based on the atypical presentation of SQC in anever smoker, we believe that this single
clinical factor, which heralds a higher likelihood of finding an underlying AD-SQC than true
SQC (based on the low incidence of never smokers with pure SQC seen in our prior series)
(8), can be used to guide whether or not these patients should undergo testing. This
recommendation stems in part from a prioritization of resources, which may be obviated in
the future with the introduction of routine multiplex genotyping of lung SQCs (18).
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Figure 1. Radiographic responseto erlotinib in patients with adenosquamous and solid
“pseudosquamous’ adenocar cinomas harboring EGFR mutations
T Denotes solid (pseudosquamous) adenocarcinomas; other cases are carcinomas with a

squamous component (confirmed or presumed adenosgquamous carcinomas).
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Figure 2.
Kaplan Meier survival curve for PFSin patients with EGFR-mutant adenosquamous and
solid “ pseudosquamous’ adenocarcinomas treated with erlotinib.
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Figure 3.
Kaplan Meier survival curve for OSin patients with EGFR-mutant adenosquamous and
solid “ pseudosquamous’ adenocarcinomas treated with erlotinib.

Mol Cancer Ther. Author manuscript; available in PMC 2013 May 01.

Page 9



Page 10

Paik et al.

sieal sJed Ad ‘esessip a|qels as ‘ssuodsal eied Hd ‘apou ydwA| senoinedeldns N DS SuoieIneIgqY

Asdoiq aouersisal pal _:Uo,c“N

Awoysaqo] 1717 Ag pamo|o4 paxaliswied + UFe|dsio UoiINpU ! Yim pates) v | abels Jolid
JUsWIIES.) ML Joswnayl e mm@mH

(DT100S ., Wenw =97 ) ased xapul ay) siussaldal T# Asdoiq :0160j0uoiyd Jou are slequinu Asdoig
v

'(8) @duee el US| Weited Bulpuodsa 100 are sasayiuased u|

#
+9'6 +26 dd aul| ST T VIN 3UoON jop 6T UoXe (Bun| 7) snowenbsouspy Al BN SUYM W 05 | (meu)TT
+6°0T v'8 d aul| T z VIN SUON 48s81 (Bun| ) snowenbsouspy Al RreN uesy E| oge | (weu)ot
+0v2 +8C dd aull yw 4 VIN 3UoON d8s81 (Bun| 7) snowenbs Al BN SUYM W 89 (meu) 6
+€5 €5 od aul| 5T T P 6T U0Ye (Bun| ) eWouRE30UBPY WenINsul 4 Buni ) snousenbs N R8N M W o | wewse
SC 6T ud aul| 5T T wsINsul (8.L) snowrenbs 48581 (snyououq) snowenbs Al BreN uesy N 8S (1) 2
8'62 a|ge|eAreUN | B[ce|lARUN aul| pig z Wwenynsul (N108) ewounec0UePY PP 6T UoXe (feusupe) snowenbs Al (Ad S2) w04 | auym N €L @9
+9'9 +0'§ ud aul| 5T T PP 6T UOX® (N7 0S) ewoup.eo0USPY jop 6T UOX® (Bun| ) snowrenbs Al BreN uesy N e ©s
€1 a|ce|lereUN | Blge|eARUN aul| pug 4 PP 6T UOX® (piny} feune|d) eLou D EO0USPY PP 6T UOXe (wn.ges) snowenbs Al BN olUedsIH d S (2074
422 9'€C as aul| pug € PP 6T U0XD 4 ©6uni 7177) snourenbsouepy P 6T UoXe (6un| 1Ny) snowenbs Al BN SUYM 4 85 ©¢
+62E 96T a(ce|rARUN aul| 5T 4 P 6T U0Xe (6un 77) ewou D e0UBPY PP 6T U0X® 4 Buni 774) snowenbs Al BN AUUM 4 1L @z
g2 12T d aul| pug g PP 6T UoXe (6un| 777) snowrenbsouspy P 6T UoXe 4 (1) snourenbs Al BN SUYM W 19 @1
(sywow)so | (sywow) M1 IML aull 1ML 4493 | Adessyy josauiq | uoireiniy 2y fsdoig L fsdoig UOIBINIAI Ty fsdoig T fsdoig ﬁwmﬂm Buiows aoey Bpwo | by PRIVCT X!
uodll ¥493
0185U00sa 4
99

"g|duwes T 15ea| e ul'ewouined |jpd snowenbs Ylim pasoulieip ajem AlLofew ay | 'sewou1o1ed snowenbsouspe Jueinwi/=9F Yiim siuaifed 1o sBuipuiy oi6ojoyredooiun)

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Mol Carcer Ther. Author manuscript; available in PMC 2013 May 01.



Page 11

Paik et al.

Author manuscript; availablein PMC 2013 May 01.

Awoioeqo] 717 Ag pemo|jo}890p/si wean(pe dfs g efels Jold i

Ther.

(8) @duale i uisq| weired Bulpuodsa.lod are sasayiuaed u

+9'02 v'eT dd aul| T T BUIOUIDLI0USPY | [P 6T UOXS (Bun) snowenbs Y (Te) Jowrod SNUM Bl €5 (e1) mHm
59T 9L as aul| ST T BUIOU0/200UBp Y 48581 (Bun) snowenbs Al JoraN uesy 4 68 (tr) et
Sywow)so | Gywow) IML aull IML U493 | Adeseys jossul MOIND 1Dy uoieINiN | (e1s)ssoubelp e | aBels | sniessBujows | edey | sepueo | aby |, Iuiled
IML y493
uodll 0]
asuodsa
sog
'sewou e

|22 snowenbs se pasouBelp Ajfeniul aem yiog sewouidedouspe ,snowenbsopnesd , pljos 1ueinwi2/~97F ylim siuaired Joj sbulpui) aibojoyredodun)

NIH-PA Author Manuscript

¢ 9lqelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript



