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Abstract

Pathological transformation to squamous cell carcinoma after epidermal
growth factor receptor (EGFR)-tyrosine kinase inhibitor treatment has been
reported, but details of the transformation remain unclear. We report two
cases with transformation to squamous cell carcinoma. The first case was a
61-year-old man who was an ex-smoker with stage IV lung adenocarci-
noma harbouring EGFR exon 19 insertion. He experienced squamous cell
transformation after 28 months of erlotinib therapy. Next-generation
sequencing (NGS) analysis showed EGFR T790M and genomic alterations
in PTEN, PDGFR, and HRAS. The second case was a 72-year-old man who
was an ex-smoker with stage IV lung adenocarcinoma harbouring EGFR
exon 21 L858R. He experienced squamous cell transformation after nine
months of erlotinib therapy. NGS analysis showed EGFR T790M and geno-
mic alterations in PTEN, SMARCB1, TP53, and KIT. Both patients had
PTEN genomic alterations and the PI3K/AKT/mTOR (mammalian target
of rapamycin) pathway might play an important role in squamous cell
transformation.

Introduction

Chemotherapy-naïve patients with epidermal growth fac-
tor receptor (EGFR) mutations show a high response rate
of 60–70% to first- and second-generation EGFR-tyrosine
kinase inhibitors (TKIs) [1]. However, almost all patients
treated with EGFR-TKIs subsequently develop EGFR-TKI
resistance. The most common mechanism of resistance to
first- and second-generation EGFR-TKIs is the T790M
mutation, accounting for 60% of patients [2,3]. EGFR and
mesenchymal–epithelial transition proto-oncogene amplifi-
cations and phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha gene (PIK3CA) mutations have also
been reported as molecular resistance mechanisms [2].
Pathological transformation after EGFR-TKI treatment has

not been adequately studied, but transformation to small
cell carcinoma and epithelial–mesenchymal transition are
the most common [2,4]. Although pathological transfor-
mation to squamous cell carcinoma has been described in
some case reports [5–10], the details have not been eluci-
dated. Here, we report two cases with transformation to
squamous cell carcinoma after treatment with EGFR-TKIs.

Case Report

Case 1

A 61-year-old man who was an ex-smoker underwent com-
puted tomography-guided percutaneous lung biopsy. On the
basis of the American Joint Committee on Cancer staging
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system, seventh edition, he was diagnosed as having stage IV
(T2bN2M1a) adenocarcinoma of the lung (Fig. 1A–C)
harbouring EGFR exon 19 insertion without T790M muta-
tion. He received erlotinib (150 mg daily) and showed a par-
tial response. After 28 months of therapy, the primary lung
lesion started to advance. Transbronchial lung biopsy of the
lesion showed adenosquamous carcinoma harbouring EGFR
exon 19 insertion without EGFR T790M mutation (Fig. 1D,
E). He received four cycles of combination chemotherapy with
immune checkpoint inhibitor plus carboplatin (area under the
concentration–time curve 5 on day 1 and every three weeks),
paclitaxel (200 mg/m2 on day 1 and every three weeks), and
atezolizumab (1200 mg on day 1 and every three weeks), then
following maintenance therapy of atezolizumab (1200 mg
every three weeks), and showed a partial response. After
14 months of therapy, the primary lung lesion worsened, and
new lesions developed with bone metastases to the spine.
Transbronchial lung biopsy of the lesion showed squamous
cell carcinoma (Fig. 1F, G). Next-generation sequencing
(NGS) analysis of the specimen with Ion AmpliSeq Cancer
Hotspot Panel version 2 (Thermo Fisher Scientific, USA)

showed EGFR c.2369C>T (p.T790M), PTEN c.963 del
(p.N323Mfs*21), c.964_964 delA (p.N323Mfs*21), c.968 del
(p.N323Mfs*21), PDGFRA c.2472C>T (p.V824V), and HRAS
c.81T>C (p.H27H). PTEN expression was assessed
immunohistochemically using the H-score [11], and a score of
50 or higher was judged as positive. H-score of PTEN expres-
sion was negative both before and after erlotinib therapy.
Osimertinib (80 mg daily) was started and achieved stable dis-
ease over three months. Following disease progression with
osimertinib, the patient was started on pembrolizumab
(200 mg on day 1 and every three weeks) but after the first
administration, the disease continued to progress. Then, S-1
(100 mg/kg body weight on days 1–14 and every three weeks)
was administered over three months. However, the patient
died of lung cancer 58 months after diagnosis, and 17 months
after transformation to squamous cell carcinoma.

Case 2

A 72-year-old man who was an ex-smoker underwent trans-
bronchial lung biopsy. He was diagnosed as having stage IV

Figure 1. Case 1. Histology of
computed tomography-guided per-
cutaneous lung biopsy specimen
before erlotinib therapy (A–C).
(A) Haematoxylin and eosin,
(B) TTF-1 and CK5/6, and (C) p40
and napsin A staining. Histology of
transbronchial lung biopsy speci-
men after erlotinib therapy,
suggesting squamous cell transfor-
mation (D–F). (D) Haematoxylin and
eosin, (E) TTF-1 and CK5/6, and
(F) p40 and napsin A staining. His-
tology of transbronchial lung biopsy
specimen after combination chemo-
therapy (G–I). (G) Haematoxylin and
eosin, (H) TTF-1 and CK5/6, and
(I) p40 and napsin A staining.
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(T2bN2M1a) adenocarcinoma of the lung (Fig. 2A–C)
harbouring EGFR exon 21 L858R without T790M mutation.
He received erlotinib (150 mg daily) and showed a partial
response. After nine months of this therapy, the primary lung
lesion started to advance. Transbronchial lung biopsy of the
lesion showed adenosquamous carcinoma (Fig. 2D–F). NGS
analysis of the specimen using Ion AmpliSeq Cancer Hotspot
Panel showed EGFR c.2573T>G (p.L858R), c.2369C>T
(p.T790M), PTEN c.963 del (p.N323Mfs*21), c.964_964 delA
(p.N323Mfs*21), c.968 del (p.N323Mfs*21), SMARCB1
c.1119-41G>A (unknown), TP53 c.892G>T (p.E298*), and
KIT c.1621A>C (p.M541L). H-score of PTEN expression had
converted from positive to negative after erlotinib therapy
(Fig. 2G, H). Osimertinib (80 mg daily) was then started and
achieved stable disease over three months. Following disease
progression with osimertinib, he could not receive cytotoxic
chemotherapy because of poor performance status; thus, he
was started on pembrolizumab (200 mg on day 1 and every
three weeks) but showed disease progression after the first
administration. The patient died of lung cancer 31 months
after diagnosis, and eight months after transformation to
squamous cell carcinoma.

Discussion

We encountered two patients with pathological transfor-
mation to squamous cell carcinoma as a mechanism of
resistance to EGFR inhibitors. NGS analysis of both speci-
mens after erlotinib therapy showed genomic alterations
in PTEN.

Squamous cell transformation as a resistance mecha-
nism to EGFR inhibitors has been investigated clinically.
Roca et al. [12] performed a pooled analysis of 17 patients
and showed that most of these patients were smokers and
harboured original EGFR mutations. In addition to squa-
mous cell transformation, they observed coexisting EGFR
T790M mutation in approximately half of the patients.
Prognosis after squamous cell transformation was poor,
with a median overall survival of 3.5 months. In our two
patients, osimertinib was administered because of the
coexisting EGFR T790M mutation in specimens after
erlotinib therapy. However, we achieved control of the
lung cancer with squamous cell transformation and EGFR
T790M by osimertinib for only three months in both
patients. AURA3 was a phase 3 study comparing
osimertinib and platinum-pemetrexed in patients with

Figure 2. Case 2. Histology of
transbronchial lung biopsy speci-
men before erlotinib therapy (A–
C). (A) Haematoxylin and eosin,
(B) TTF-1 and CK5/6, and (C) p40
and napsin A staining. Histology
of transbronchial lung biopsy
specimen after erlotinib therapy,
suggesting squamous cell trans-
formation (D–F). (d) Haematoxylin
and eosin, (E) TTF-1 and CK5/6,
and (F) p40 and napsin A staining.
PTEN staining before erlotinib
therapy (G) and after erlotinib
therapy (H).

H. Uruga et al. Squamous transformation after EGFR-TKIs

© 2020 The Authors. Respirology Case Reports published by John Wiley & Sons Australia, Ltd
on behalf of The Asian Pacific Society of Respirology

3



EGFR T790M-positive non-small cell lung cancer after
erlotinib therapy or gefitinib therapy. In this study,
patients with squamous cell histology were three of
279 (1%) in osimertinib group, and zero of 140 (0%) in
platinum plus pemetrexed group. The study showed that
osimertinib resulted in significantly better progression-free
survival (PFS) than platinum-pemetrexed (10.1 vs. four
months, respectively, P < 0.001) [13]. This was better than
the PFS of three months in our patients with squamous
cell transformation and EGFR T790M mutation. Thus, the
prognosis of lung cancer patients with squamous cell
transformation and EGFR T790M mutation appears to be
worse than that of patients with only EGFR T790M muta-
tion. This is consistent with a report by Roca et al. [12].

At the molecular level, PTEN genomic alterations were
identified in our patients with squamous cell transforma-
tion. In a study of surgically resected specimens, PTEN
mutations were more often identified in ex-smokers and in
squamous cell carcinomas than in adenocarcinomas [14].
Park et al. [15] performed NGS analysis of specimens
before and after squamous cell transformation following
EGFR-TKI therapy, and showed genomic alterations in
PTEN and PIK3CA in each two of four patients. Another
case report by Kuiper et al. [5] also showed genomic alter-
ation of PIK3CA in a specimen after squamous cell trans-
formation. Park et al. [15] hypothesized that the PI3K/
AKT/mTOR pathway was activated by EGFR-TKIs and
loss of PTEN, which facilitates cell proliferation and
resulted in squamous cell transformation. Interestingly,
they found that one of four patients received everolimus
(an mTOR (mammalian target of rapamycin) inhibitor)
and showed radiological improvement. Further studies and
more case reports are warranted to clarify the clinical util-
ity of mTOR inhibitors in EGFR-mutated patients with
squamous cell transformation.

The present report has several limitations. First, the pri-
mary lung cancer before treatment with erlotinib therapy
could have been adenosquamous cell carcinoma ab initio.
We could not rule out this possibility because both
patients were diagnosed using biopsy specimens. Second,
we could not perform NGS analysis of the specimens
before treatment with erlotinib, because the specimen vol-
ume was inadequate for analysis.

In summary, we encountered two cases of EGFR muta-
tion in lung adenocarcinoma with pathological transfor-
mation to squamous cell carcinoma. NGS analysis showed
PTEN genomic alterations in both cases. Osimertinib was
not fully effective in patients with squamous cell transfor-
mation, thus cytotoxic chemotherapies were probably bet-
ter for these patients. Further studies and more case
reports are warranted to elucidate the underlying mecha-
nisms and investigate treatment modalities for patients
with squamous cell transformation.
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publication of this case report and accompanying images.

Acknowledgment

This work was supported by Okinaka Memorial Institute
for Medical Research, Tokyo, Japan.

References

1. Maemondo M, Inoue A, Kobayashi K, et al. 2010. Gefitinib
or chemotherapy for non-small-cell lung cancer with
mutated EGFR. N. Engl. J. Med. 362:2380–2388.

2. Sequist LV, Waltman BA, Dias-Santagata D, et al. 2011.
Genotypic and histological evolution of lung cancers acquir-
ing resistance to EGFR inhibitors. Sci. Transl. Med. 3:
75ra26.

3. Yu HA, Arcila ME, Rekhtman N, et al. 2013. Analysis of
tumor specimens at the time of acquired resistance to
EGFR-TKI therapy in 155 patients with EGFR-mutant lung
cancers. Clin. Cancer Res. 19:2240–2247.

4. Niederst MJ, Sequist LV, Poirier JT, et al. 2015. RB loss in
resistant EGFR mutant lung adenocarcinomas that trans-
form to small-cell lung cancer. Nat. Commun. 6:6377.

5. Kuiper JL, Ronden MI, Becker A, et al. 2015. Transforma-
tion to a squamous cell carcinoma phenotype of an EGFR-
mutated NSCLC patient after treatment with an EGFR-
tyrosine kinase inhibitor. J. Clin. Pathol. 68:320–321.

6. Haratani K, Hayashi H, Watanabe S, et al. 2016. Two cases
of EGFR mutation-positive lung adenocarcinoma that
transformed into squamous cell carcinoma: successful treat-
ment of one case with rociletinib. Ann. Oncol. 27:200–202.

7. Jukna A, Montanari G, Mengoli MC, et al. 2016. Squamous
cell carcinoma "transformation" concurrent with secondary
T790M mutation in resistant EGFR-mutated adenocarci-
nomas. J. Thorac. Oncol. 11:e49–e51.

8. Longo L, Mengoli MC, Bertolini F, et al. 2017. Synchronous
occurrence of squamous-cell carcinoma "transformation" and
EGFR exon 20 S768I mutation as a novel mechanism of resis-
tance in EGFR-mutated lung adenocarcinoma. Lung Cancer
103:24–26.

9. Izumi H, Yamasaki A, Ueda Y, et al. 2018. Squamous cell
carcinoma transformation from EGFR-mutated lung adeno-
carcinoma: a case report and literature review. Clin. Lung
Cancer 19:e63–e66.

10. Yao Y, Zhu Z, Wu Y, et al. 2018. Histologic transformation
from adenocarcinoma to both small cell lung cancer and
squamous cell carcinoma after treatment with gefitinib: a
case report. Medicine (Baltimore). 97:e0650.

11. Garg K, Broaddus RR, Soslow RA, et al. 2012. Pathologic
scoring of PTEN immunohistochemistry in endometrial
carcinoma is highly reproducible. Int. J. Gynecol. Pathol.
31:48–56.

Squamous transformation after EGFR-TKIs H. Uruga et al.

4 © 2020 The Authors. Respirology Case Reports published by John Wiley & Sons Australia, Ltd
on behalf of The Asian Pacific Society of Respirology



12. Roca E, Pozzari M, Vermi W, et al. 2019. Outcome of
EGFR-mutated adenocarcinoma NSCLC patients with
changed phenotype to squamous cell carcinoma after tyro-
sine kinase inhibitors: a pooled analysis with an additional
case. Lung Cancer 127:12–18.

13. Mok TS, Wu YL, Ahn MJ, et al. 2017. Osimertinib or
platinum-pemetrexed in EGFR T790M-positive lung cancer.
N. Engl. J. Med. 376:629–640.

14. Jin G, Kim MJ, Jeon HS, et al. 2010. PTEN mutations and
relationship to EGFR, ERBB2, KRAS, and TP53 muta-
tions in non-small cell lung cancers. Lung Cancer 69:
279–283.

15. Park S, Shim JH, Lee B, et al. 2019. Paired genomic anal-
ysis of squamous cell carcinoma transformed from
EGFR-mutated lung adenocarcinoma. Lung Cancer
134:7–15.

H. Uruga et al. Squamous transformation after EGFR-TKIs

© 2020 The Authors. Respirology Case Reports published by John Wiley & Sons Australia, Ltd
on behalf of The Asian Pacific Society of Respirology

5


	 Squamous cell transformation as a mechanism of acquired resistance to tyrosine kinase inhibitor in EGFR-mutated lung adeno...
	Introduction
	Case Report
	Case 1
	Case 2

	DiscussionWe encountered two patients with pathological transformation to squamous cell carcinoma as a mechanism of resista...
	Discussion
	Disclosure Statement

	AcknowledgmentThis work was supported by Okinaka Memorial Institute for Medical Research, Tokyo, Japan.
	References


