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Abstract

Background Treatment strategies differ substantially for small-cell lung cancer (SCLC), adenocarcinoma and squamous-
cell cancer (SCC). Therefore, it is of important significance to identify histologic transformation. There are no reports on
histologic transformation in brain metastases (BM) to date. The aim of this study was to analyze the histologic transforma-
tion in BM for the first time.

Methods Medical records were reviewed and patients with both resected BM and primary tumors were examined retrospec-
tively. The histologic diagnosis was confirmed by H&E staining, and additional diagnostic immunohistochemical stains were
performed at the discretion of the pathologists. Characteristics of histologic transformation in BM were analyzed.

Results 3 of 24 patients (12.5%) with both resected BM and primary non-small-cell lung cancers (NSCLCs) had evidence
of histologic transformation in BM. One case with SCC transformed to adenocarcinoma in brain, one case with adenocar-
cinoma transformed to SCLC, and another case with adenocarcinoma transformed to SCC. The three cases of histologic
transformation were all spontaneous and had not tested gene status.

Conclusions We disclosed the histologic transformation of NSCLC in BM at a frequency not as low as expected, and
speculated it as an evolution promoted by intratumor heterogeneity, though it warrants further prospective multi-institution
investigations with comprehensive molecular analysis. Our findings provided further impetus for surgery when the metastatic
or recurrent lesion is resectable, and repeated pathologic evaluation to help tailor individualized treatment.
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Introduction

Lung cancer is the leading cause of cancer deaths world-
wide. Its two broad histologic subtypes are small-cell lung
cancer (SCLC) which accounts for 15% of cases, and non-
small-cell lung cancer (NSCLC) which mainly includes
adenocarcinoma, squamous-cell cancer (SCC) and large-cell
cancer. Treatment strategies differ substantially for SCLC,
adenocarcinoma and SCC, which suggests inherent differ-
ences in tumor biology. Therefore, it is of important sig-
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nificance to identify histologic transformation to help tailor
individualized treatment. Histologic transformation from
treated mutated lung adenocarcinoma to SCLC is described
as one of the major mechanisms for acquired resistance to
epidermal growth factor receptor (EGFR) [1-13] or ana-
plastic lymphoma kinase (ALK) [14-17] tyrosine kinase
inhibitors (TKIs). Recent case reports have also illustrated
that transformation from treated mutated lung adenocarci-
noma to SCC is another possible mechanism for acquired
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resistance to EGFR TKIs,[18-21] so as transformation to
sarcomatoid carcinoma is to ALK TKIs [22]. Although
the majority of the published transformed cases have been
identified from TKI-resistant lung adenocarcinoma cases,
histologic transformation could also occur spontaneously at
progress after surgery or chemotherapy [2, 23-25]. In spite
of all the published transformed cases, to our knowledge,
there are no reports on histologic transformation in brain
metastases (BM) in the literature to date. BM is the most
common tumor in the brain, and associated with a dismal
prognosis. We analyzed the histologic transformation in BM
in patients with both surgically resected BM and primary
tumors for the first time.

Materials and methods
Patient eligibility

A total of 47 patients who underwent both surgical resec-
tions for BM and primary tumors at our institution from
2004 to 2015 were examined retrospectively. One patient
who presented with synchronous primary tumors was
excluded from this study. Eight patients were also excluded
because their histologic diagnoses could not be confirmed as
their formalin-fixed and paraffin-embedded samples were not
adequate. Finally, 38 patients were eligible. Medical records
were reviewed to obtain clinical information. Stage was clas-
sified according to the seventh edition of the TNM classi-
fication for NSCLC. The research was carried out accord-
ing to the principles set out in the Declaration of Helsinki
1964 and all subsequent revisions. The ethics committee of
our institution approved the protocol (2017015). Informed
consent was obtained from every subject. All patients with
lung cancer had brain magnetic resonance imaging as part
of their initial staging preoperatively. The patients with BM
had maximal safe tumor resection. The patients with lung
cancer had lobectomy or ipsilateral pneumonectomy. Com-
plete mediastinal LN dissection or systematic mediastinal
LN sampling was performed during surgery.

Histologic analysis

All surgical samples underwent histologic review by two
experienced pathologists. The histologic diagnosis was con-
firmed by H&E staining, and additional diagnostic immu-
nohistochemical stains were performed at the discretion of
the pathologists. All immunohistochemical staining was
performed on representative tissue sections from formalin-
fixed and paraffin-embedded tissue blocks. The histologic
diagnosis was based on the standard criteria defined by the
World Health Organization classification. An immunobhis-
tochemical analysis was performed with microwave antigen
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retrieval and with the HRP/DAB Kit (PV-9000, ZSGB-BIO,
Beijing, China).

Results

Medical records were reviewed to identify 38 patients who
underwent both surgical resections for BM and primary
tumors at our institution from 2004 to 2015. Among them
there were 27 cases of lung cancer, including 19 cases of
adenocarcinoma, 5 cases of SCC, 2 cases of SCLC, and 1
case of combined SCLC with adenocarcinoma.

NSCLC (63.2%) was the predominant primary tumor.
Baseline characteristics of the 24 patients with NSCLC are
shown in Table 1. The median age when BM diagnosed
was 56 years (range 40—72 years). There were more men
(62.5%) than women (37.5%). Almost half of the patients
had smoking history. Adenocarcinoma took account for
79.2%, while SCC 20.8%. Upon the initial diagnosis, six
patients (25.0%) had Stage I, four patients (16.7%) had Stage
I, seven patients (29.2%) had Stage III, and seven patients

Table 1 Baseline characteristics of patients with both surgically
resected brain metastases and their primary non-small-cell lung can-
cers

Patient characteristics n=24
Age when brain metastases diagnosed (years)

Median 56

Range 40-72
Sex—n (%)

Female 9 (37.5)

Male 15 (62.5)
Smoking history—n (%)

Yes 13 (54.2)

No 11 (45.8)
Histologic subtype of lung lesions—n (%)

Adenocarcinoma 19 (79.2)

Squamous-cell cancer 5(20.8)
Stage upon the initial diagnosis—n (%)

I 6 (25.0)

I 4(16.7)

I 7(29.2)

IV (oligometastasis in brain) 7(29.2)
The first surgery—n (%)

Lung resection 17 (70.8)

Brain resection 7(29.2)
Time to brain metastases after thoracic surgery, months

Median 25

Range 1-66
Maximal diameter of brain metastases (cm)

Median 3

Range 1-5.2
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(29.2%) had Stage IV NSCLC with three or fewer meta-
static lesions (oligometastasis) in brain. The seven Stage
IV patients underwent brain resection before lung resec-
tion. The median time to BM after thoracic surgery was
25 months (range 1-66 months) for the 17 patients without
BM upon the initial diagnosis. The median maximal diam-
eter of the oligometastasis in brain was 3 cm. There was no
recurrent cancer in lung at the time of BM resection.
Unexpectedly, 3 of 24 patients (12.5%) with NSCLC
had evidence of histologic transformation in BM (Table 2).
One case with moderately differentiated SCC with nega-
tive immunostaining for thyroid transcription factor (TTF)-1
and NapsinA transformed to poorly differentiated adeno-
carcinoma with focal squamous metaplasia with positive
immunostaining for TTF-1 and NapsinA, focally positive
for P63, and negative for cytokeratin (CK)5/6, CK8/18 and
glial fibrillary acidic protein (GFAP) (Fig. 1); one case
with moderately differentiated adenocarcinoma with nega-
tive immunostaining for CD56 and neuron-specific enolase
(NSE) transformed to combined SCLC with peripherally
a shade of adenocarcinoma with positive immunostaining
for CD56, NSE, Syn and CgA, partially positive for TTF-
1, and negative for CK and GFAP (Fig. 2); and one case
with moderate-poorly differentiated adenocarcinoma with
positive immunostaining for CK8/18, P63 and TTF-1, and
negative for CK5/6, Syn, CgA and CD56 transformed to
poorly differentiated SCC with positive immunostaining for
P63 and TTF-1, partially positive for CK8/18, and focally
positive for CK5/6 (Fig. 3). There was no evidence of tumors
with combined histology in any of the three thoracic surgi-
cal specimens. The three patients were all female without
smoking history. Upon the initial diagnosis, one patient had
Stage I, one patient had Stage II, and one patient had Stage
IV NSCLC with oligometastasis in brain. The time to BM
after thoracic surgery was 25 and 66 months for the Stage
I and Stage II patient, respectively. The maximal diameter
of the oligometastasis in brain was 2.6, 5 and 1.3 cm for the
three patients, respectively (Table 2). Case 1 underwent lung
resection and was diagnosed with pathologic Stage TINOMO

SCC when she was 55 years old in October 2012, and then
2 years later she underwent brain resection because she
experienced slurred speech and seizures and her brain MRI
revealed a 2.6 X 2.0 x 1.8-cm enhancing mass with surround-
ing edema in right frontal lobe (Fig. 4a-c), was diagnosed
with metastatic lung adenocarcinoma, received stereotactic
radiosurgery, and has been living free of tumor since then.
Case 2 underwent lung resection and was diagnosed with
pathologic Stage TINIMO adenocarcinoma when she was
43 years old in June 2007, and received four cycles of adju-
vant chemotherapy, and then 5 years later she underwent
brain resection because she experienced headache, dizzi-
ness and vomiting and her brain MRI revealed a 5 X4 xX4-cm
enhancing mass with surrounding edema in left frontal lobe
(Fig. 4d—f), was diagnosed with metastatic SCLC, received
whole brain radiation therapy and four cycles of chemother-
apy with etoposide and cisplatin, and then had abdominal
metastases and malignant pleural effusion and died of cancer
4 months later. Case 3 underwent brain resection because
she experienced headache and right hemiparesis and her
brain MRI revealed a 1.3 x 1 X 1-cm enhancing mass with
surrounding edema in left frontal lobe and was diagnosed
with metastatic lung SCC when she was 52 years old in
August 2010, then 4 months later she underwent lung resec-
tion, was diagnosed with pathologic Stage T2N2M1b adeno-
carcinoma, received 4 cycles of chemotherapy, and was lost
to follow-up thereafter. None had been treated with TKIs
before the two resections. The three cases of histologic trans-
formation were all spontaneous, and had not tested gene sta-
tus. Moreover, the BM histologic subtype of the case whose
primary lung tumor’s histologic subtype is combined SCLC
with adenocarcinoma, is SCLC alone.

Discussion

Recently, cases of histologic transformation of NSCLC
have been increasingly published. Among them the most
frequently reported is the histologic transformation from

Table 2 Characteristics of patients with histologic transformation in brain metastases

Patient characteristics Case 1 Case 2 Case 3

Age when brain metastases diagnosed (years) 56 48 52

Sex Female Female Female

Smoking history No No No

Histologic subtype of lung lesions Squamous-cell cancer Adenocarcinoma Adenocarcinoma

Histologic subtype of brain metastases Adenocarcinoma Small-cell cancer Squamous-cell cancer
Stage upon the initial diagnosis I II v

The first surgery Lung Lung Brain

Time to brain metastases after thoracic surgery (months) 25 66 -

Maximal diameter of brain metastases (cm) 2.6 5 1.3
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Fig.1 Case 1’s tumor tissue at
lung resection (a—d) and brain
resection (e—h) with histologic
transformation from moderately
differentiated squamous cell
cancer to poorly differentiated
adenocarcinoma with focal
squamous metaplasia. H&E
stained material demonstrat-
ing histologic changes from
lung resection (a, b) to brain
resection (e, f) with immunohis-
tochemical staining for NapsinA
and TTF-1 on lung resection (c,
d) and brain resection (g, h).
H&E, hematoxylin and eosin

H&E x 200

H&E x 400

TTF-1

NapsinA

treated mutated lung adenocarcinoma to SCLC, which is
found as one of the major mechanisms for acquired resist-
ance to EGFR [1-13] or ALK [14-17] TKIs. In a case
series in which repeat biopsies were done when resist-
ance developed in lung adenocarcinoma patients given
EGFR TKIs, transformation to SCLC was reported in 14%
of cases, [3] while less than 5% in another case series [4].
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The different frequencies of this unusual histologic phe-
nomenon observed, may have been partly due to the differ-
ent frequencies of pathologic evaluation of drug-resistant
specimens in clinical care. Another possible mechanism for
acquired resistance to EGFR TKIs is histologic transfor-
mation from treated mutated lung adenocarcinoma to SCC
[18-21]. Moreover, histologic transformation to sarcomatoid
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Fig.2 Case 2’s tumor tissue at
lung resection (a—d) and brain
resection (e—h) with histologic
transformation from moderately
differentiated adenocarcinoma
to combined small cell cancer
with peripherally a shade of
adenocarcinoma. H&E stained
material demonstrating histo-
logic changes from lung resec-
tion (a, b) to brain resection (e,
f) with immunohistochemical
staining for CD56 and NSE on
lung resection (¢, d) and brain
resection (g, h). H&E, hema-
toxylin and eosin

NSE H&E x 400 H&E x 200

CDs6

carcinoma from ALK-rearranged lung adenocarcinoma
through epithelial-mesenchymal transition, is indicated as
another possible mechanism for acquired resistance to ALK
TKIs [22]. Nonetheless, this phenomenon is not restricted
to TKI-resistant tumor specimens, histologic transforma-
tion of EGFR mutant lung adenocarcinoma to SCC could
also occur without prior exposure to EGFR TKIs [23] so

Lung resection

Brain resection

N

R s

could histologic transformation of non-EGFR-mutant [2]
or driver-unknown [24] adenocarcinoma to SCLC. Further-
more, Hsu et al. showed a case with histologic evolution
from lung adenocarcinoma harboring neither EGFR muta-
tions nor ALK translocation, to adenocarcinoma with sarco-
matoid changes, squamous cell carcinoma with sarcomatoid
changes, and squamous cell carcinoma after chemotherapy
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Fig.3 Case 3’s tumor tissue at
lung resection (a—d) and brain
resection (e—h) with histologic
transformation from moderate-
poorly differentiated adenocar-

cinoma to poorly differentiated 8
squamous cell cancer. H&E N
stained material demonstrat- PYY
ing histologic changes from L
lung resection (a, b) to brain o3
resection (e, f) with immunohis- T
tochemical staining for P63 and
TTF-1 on lung resection (c, d)
and brain resection (g, h). H&E,
hematoxylin and eosin
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and immunotherapy [25]. It is suggested that histologic
transformation can occur independently of EGFR or ALK
mutational status. The reason for the much less reports of
histologic transformation in patients who are treated and
progress on surgery or chemotherapy, may be the limited
data of repeated histologic evaluation on such patients.
Despite all the published cases of histologic transformation,
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Brain resection

there are no reports on histologic transformation in BM or
histologic transformation from SCC to adenocarcinoma so
far. Unexpectedly, we observed that 3 of 24 patients (12.5%)
with both surgically resected BM and primary NSCLCs, had
evidence of histologic transformation in BM for the first
time. One case with SCC transformed to adenocarcinoma
in brain, one case with adenocarcinoma transformed to
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Fig.4 The brain MRI of Case

1 (a—c¢) and Case 2 (d—f) before
brain resection. Case 1’s TIW
(a), T2W (b) and T1 contrast
(c) MRI revealing an enhancing
mass with surrounding edema in
right frontal lobe. Case 2’s TIW
(d), T2W (e) and T1 contrast

(f) MRI revealing an enhancing
mass with surrounding edema
in left frontal lobe

T2W T1W

T1 contrast

SCLC, and another case with adenocarcinoma transformed
to SCC. The three cases of histologic transformation were all
spontaneous. The frequency of histologic transformation of
NSCLC in BM is not as low as expected in our case series.

It is essential to identify histologic transformation when
it happens, because SCLC, adenocarcinoma and SCC are
treated differently in clinic owing to their distinct biology

and genomic abnormalities. It is believed that patients with
transformed SCLC should be given standard therapies for
SCLC. The patient with transformed SCLC in brain should
receive whole brain radiation therapy, not stereotactic radio-
surgery, and 4-6 cycles of chemotherapy with etoposide and
cisplatin. The patient with transformed adenocarcinoma
in brain should be encouraged to have molecular testing
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because of more chance to benefit from TKIs. There is sup-
posed superior efficacy and reduced toxicity for cisplatin and
pemetrexed in the patient with transformed adenocarcinoma,
while superior efficacy for cisplatin/gemcitabine in the
patient with transformed SCC. BM represents an important
public health burden that is ten times more common than
malignant primary brain tumors, whose incidence is rising,
as the improved systemic therapies well control extracranial
disease to prolong survival, but poorly control intracranial
disease due to their poor penetration of blood—brain bar-
rier. Primary lung cancers are the most common source,
accounting for half of BM. Advances in surgical technique
have rendered upfront resection in the standard of care for
solitary BM. Surgery is a key treatment modality to con-
sider, especially for BM over 3 cm in size or otherwise bulky
lesions causing neurologic symptoms, and when tissue is
necessary to establish a diagnosis. Meanwhile, evidence
from retrospective series suggested survival benefits from
tumor resection for selected patients of good prognosis with
up to three metastatic sites. It is becoming increasingly clear
that precision medicine will demand continual assessment
of each cancer’s evolution over the course of development,
to identify the optimal treatment strategies. It is promising
that technologies to assess cancers via noninvasive meas-
ures such as circulating tumor cell analyses, plasma DNA
analyses, or molecular radiology may eventually obviate the
need for invasive procedures. But histologic pathology is not
replaceable, at least for now. Precise histologic evaluation is
crucial for appropriate management. Recently, stereotactic
radiosurgery alone is increasingly preferred for limited BM
over surgical resection followed by stereotactic radiosur-
gery when the two treatments are both considered suitable
for patients with known history of NSCLC. Nevertheless,
our findings demonstrate that concern still exists regarding
histologic diagnosis of BM even with confirmed history of
resected primary NSCLC. Our investigation provided new
insights into our understanding of histologic transformation
and emphasized that when the metastatic or recurrent lesion
is resectable, surgical intervention is an effective treatment
option with better histologic evaluation.

Differentiation into a subtype cancer was thought to
occur early in tumorigenesis driven by fundamental
genetic differences. The underlying mechanisms of his-
tologic transformation are not completely understood.
One mechanism may have been pluripotent tumor cells
with divergent differentiation. Mutation or loss of Retino-
blastomal (RB1) has been found in 100% of the human
SCLC tumors sequenced [24]. A recent study demon-
strated that EGFR TKI-resistant lung adenocarcinoma
and SCLC share a common clonal origin, and that EGFR
TKI-resistant SCLCs are branched out early from the lung
adenocarcinoma clones that harbor completely inactivated
RB1 and TP53 [10]. Another study also revealed RB loss
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in resistant EGFR mutant lung adenocarcinomas that
transform to SCLCs, as well as increased neuroendocrine
marker, decreased EGFR expression and greater sensitiv-
ity to BCL2 family inhibition compared with resistant
NSCLCs, suggesting that this subset of resistant cancers
ultimately adopt many of the molecular and phenotypic
characteristics of classical SCLC [11]. Genomic charac-
terizations of matched BM and primary tumors revealed
branched evolution [26, 27]. Progress of NSCLC is likely a
dynamic evolution both spatially and temporally promoted
by intratumor heterogeneity revealed through multiregion
sequencing [28-30]. A very recent prospective investiga-
tion found widespread intratumor heterogeneity for both
somatic copy-number alterations and mutations, through
multiregion whole-exome sequencing in early-stage
NSCLC, which was associated with an increased risk of
recurrence or death, and heterogeneous driver alterations
that occurred later in evolution were found in more than
75% of the tumors and were common in PIK3CA and NF1
and in genes that are involved in chromatin modification
and DNA damage response and repair [28]. Another pos-
sible mechanism of histologic transformation is tumors
with combined histology owing to the limited amount of
specimen obtained by core biopsy or fine-needle aspirates.
Most of the previous reported cases of histologic transfor-
mation are recognized with biopsy specimens. Combined
SCLC was noticed in only 1-3.2% of all SCLCs, whereas
as high as 9-26% in surgical specimens. Interestingly, we
did happen to find that the BM histologic subtype of the
case with combined SCLC with adenocarcinoma is SCLC
alone in our study. Nevertheless, our transformed cases
could rule out the possibility of tumors with combined his-
tology, because thoracic surgery provided sufficient tissue
and adequate sampling. Our results implied that histologic
transformation is more likely a cancer evolution both spa-
tially and temporally activated by intratumor heterogene-
ity. Cancer cells may transform before or after they locate
in brain. It is likely that the brain microenvironment does
not play an indispensable role in histologic transforma-
tion as cases of extracranial histologic transformation of
NSCLC have been repeatedly reported. We assume that
there is intratumor heterogeneity in metastatic potential
and preferential metastatic sites as well as transformation
potential, and histologic transformation of BM is likely
to happen when the vigorous metastatic “seeds” with
immense transformation potential have a specific affinity
for the brain “soil”.

Our study has some limitations. First, it is a single-insti-
tution retrospective analysis. The study may have selection
bias and the results should be interpreted cautiously. Second,
it lacks additional tumor genomic analysis. Third, our sam-
ple size is relatively small. However, our eligible matched
surgical specimens of BM and primary tumors are superior
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in terms of both quality and quantity. Histologic transfor-
mation in BM has not so far been depicted in the literature.
Slowly and staggeringly, but we have taken the first step.

Conclusions

In summary, we disclosed the histologic transformation
of NSCLC in BM at a frequency not as low as expected,
and speculated it as an evolution stimulated by intratumor
heterogeneity, though it warrants further prospective multi-
institution investigations with comprehensive molecular
analysis. Our findings provided further impetus for surgery
when the metastatic or recurrent lesion is resectable, and
repeated pathologic evaluation to help tailor individualized
treatment.

Acknowledgements This work was supported by the Research Award
Fund for outstanding Young-Middle aged Scientists of Shandong Prov-
ince, China [BS2014YY004]; and Shandong Provincial Natural Sci-
ence Foundation, China [ZR2014HQ064, ZR2014HP042]. The funders
had no role in study design; in the collection, analysis and interpreta-
tion of data; in the writing of the report; and in the decision to submit
the article for publication.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Kim TM, Song A, Kim DW, Kim S, Ahn YO, Keam B et al
(2015) Mechanisms of acquired resistance to AZD9291: a
mutation-selective, irreversible EGFR inhibitor. J Thorac Oncol
10(12):1736-1744. https://doi.org/10.1097/ITO.0000000000
000688

2. Norkowski E, Ghigna MR, Lacroix L, Le Chevalier T, Fadel E,
Dartevelle P et al (2013) Small-cell carcinoma in the setting of
pulmonary adenocarcinoma: new insights in the era of molecu-
lar pathology. J Thorac Oncol 8(10):1265-1271. https://doi.
org/10.1097/JTO.0b013e3182a407fa

3. Sequist LV, Waltman BA, Dias-Santagata D, Digumarthy S, Turke
AB, Fidias P et al (2011) Genotypic and histological evolution of
lung cancers acquiring resistance to EGFR inhibitors. Sci Transl
Med 3(75):75ra26. https://doi.org/10.1126/scitranslmed.3002003

4. Yu HA, Arcila ME, Rekhtman N, Sima CS, Zakowski MF, Pao W
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(8):2240-2247. https://
doi.org/10.1158/1078-0432.CCR-12-2246

5. Alam N, Gustafson KS, Ladanyi M, Zakowski MF, Kapoor A,
Truskinovsky AM et al (2010) Small-cell carcinoma with an epi-
dermal growth factor receptor mutation in a never-smoker with
gefitinib-responsive adenocarcinoma of the lung. Clin Lung Can-
cer 11(5):E1-E4. https://doi.org/10.3816/CLC.2010.n.046

6. Popat S, Wotherspoon A, Nutting CM, Gonzalez D, Nicholson
AG, O’Brien M (2013) Transformation to “high grade” neuroen-
docrine carcinoma as an acquired drug resistance mechanism in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

EGFR-mutant lung adenocarcinoma. Lung Cancer 80(1):1-4.
https://doi.org/10.1016/j.lungcan.2012.12.019

Ma AT, Chan WK, Ma ES, Cheng T, Cheng PN (2012) Small
cell lung cancer with an epidermal growth factor receptor muta-
tion in primary gefitinib-resistant adenocarcinoma of the lung.
Acta Oncol 51(4):557-559. https://doi.org/10.3109/02841
86X.2011.636757

van Riel S, Thunnissen E, Heideman D, Smit EF, Biesma B (2012)
A patient with simultaneously appearing adenocarcinoma and
small-cell lung carcinoma harbouring an identical EGFR exon 19
mutation. Ann Oncol 23(12):3188-3189. https://doi.org/10.1093/
annonc/mds525

Morinaga R, Okamoto I, Furuta K, Kawano Y, Sekijima M, Dote
K et al (2007) Sequential occurrence of non-small cell and small
cell lung cancer with the same EGFR mutation. Lung Cancer
58(3):411-413. https://doi.org/10.1016/j.lungcan.2007.05.014
Lee JK, Lee J, Kim S, Kim S, Youk J, Park S et al (2017) Clonal
history and genetic predictors of transformation into small-
cell carcinomas from lung adenocarcinomas. J Clin Oncol
35(26):3065-3074. https://doi.org/10.1200/JC0O.2016.71.9096
Niederst MJ, Sequist LV, Poirier JT, Mermel CH, Lockerman EL,
Garcia AR et al (2015) RB loss in resistant EGFR mutant lung
adenocarcinomas that transform to small-cell lung cancer. Nat
Commun 6:6377. https://doi.org/10.1038/ncomms7377

Lin Q, Cai GP, Yang KY, Yang L, Chen CS, Li YP (2016) Case
report: small cell transformation and metastasis to the breast
in a patient with lung adenocarcinoma following maintenance
treatment with epidermal growth factor receptor tyrosine kinase
inhibitors. BMC Cancer 16:593. https://doi.org/10.1186/s1288
5-016-2623-4

Kim WJ, Kim S, Choi H, Chang J, Shin HJ, Park CK et al (2015)
Histological transformation from non-small cell to small cell lung
carcinoma after treatment with epidermal growth factor receptor-
tyrosine kinase inhibitor. Thorac Cancer 6(6):800-804. https://
doi.org/10.1111/1759-7714.12217

Takegawa N, Hayashi H, lizuka N, Takahama T, Ueda H, Tanaka
K et al (2016) Transformation of ALK rearrangement-positive
adenocarcinoma to small-cell lung cancer in association with
acquired resistance to alectinib. Ann Oncol 27(5):953-955. https
://doi.org/10.1093/annonc/mdw032

Fujita S, Masago K, Katakami N, Yatabe Y (2016) Transfor-
mation to SCLC after treatment with the ALK inhibitor alec-
tinib. J Thorac Oncol 11(6):e67—€72. https://doi.org/10.1016/j.
jtho.2015.12.105

Cha YJ, Cho BC, Kim HR, Lee HJ, Shim HS (2016) A Case
of ALK-rearranged adenocarcinoma with small cell carcinoma-
like transformation and resistance to crizotinib. J Thorac Oncol
11(5):e55—e58. https://doi.org/10.1016/j.jtho.2015.12.097
Watanabe S, Sone T, Matsui T, Yamamura K, Tani M, Okazaki A
et al (2013) Transformation to small-cell lung cancer following
treatment with EGFR tyrosine kinase inhibitors in a patient with
lung adenocarcinoma. Lung Cancer 82(2):370-372. https://doi.
org/10.1016/j.lungcan.2013.06.003

Hsieh MS, Jhuang JY, Hua SF, Chou YH (2015) Histologic evo-
lution from adenocarcinoma to squamous cell carcinoma after
gefitinib treatment. Ann Thorac Surg 99(1):316-319. https://doi.
org/10.1016/j.athoracsur.2014.02.075

Levin PA, Mayer M, Hoskin S, Sailors J, Oliver DH, Gerber DE
(2015) Histologic transformation from adenocarcinoma to squa-
mous cell carcinoma as a mechanism of resistance to EGFR inhi-
bition. J Thorac Oncol 10(9):e86—e88. https://doi.org/10.1097/
JTO.0000000000000571

Scher KS, Saldivar JS, Fishbein M, Marchevsky A, Reckamp KL
(2013) EGFR-mutated lung cancer with T790M-acquired resist-
ance in the brain and histologic transformation in the lung. J Natl
Compr Cancer Netw 11(9):1040-1044

@ Springer


https://doi.org/10.1097/JTO.0000000000000688
https://doi.org/10.1097/JTO.0000000000000688
https://doi.org/10.1097/JTO.0b013e3182a407fa
https://doi.org/10.1097/JTO.0b013e3182a407fa
https://doi.org/10.1126/scitranslmed.3002003
https://doi.org/10.1158/1078-0432.CCR-12-2246
https://doi.org/10.1158/1078-0432.CCR-12-2246
https://doi.org/10.3816/CLC.2010.n.046
https://doi.org/10.1016/j.lungcan.2012.12.019
https://doi.org/10.3109/0284186X.2011.636757
https://doi.org/10.3109/0284186X.2011.636757
https://doi.org/10.1093/annonc/mds525
https://doi.org/10.1093/annonc/mds525
https://doi.org/10.1016/j.lungcan.2007.05.014
https://doi.org/10.1200/JCO.2016.71.9096
https://doi.org/10.1038/ncomms7377
https://doi.org/10.1186/s12885-016-2623-4
https://doi.org/10.1186/s12885-016-2623-4
https://doi.org/10.1111/1759-7714.12217
https://doi.org/10.1111/1759-7714.12217
https://doi.org/10.1093/annonc/mdw032
https://doi.org/10.1093/annonc/mdw032
https://doi.org/10.1016/j.jtho.2015.12.105
https://doi.org/10.1016/j.jtho.2015.12.105
https://doi.org/10.1016/j.jtho.2015.12.097
https://doi.org/10.1016/j.lungcan.2013.06.003
https://doi.org/10.1016/j.lungcan.2013.06.003
https://doi.org/10.1016/j.athoracsur.2014.02.075
https://doi.org/10.1016/j.athoracsur.2014.02.075
https://doi.org/10.1097/JTO.0000000000000571
https://doi.org/10.1097/JTO.0000000000000571

384

International Journal of Clinical Oncology (2019) 24:375-384

21.

22.

23.

24.

25.

Longo L, Mengoli MC, Bertolini F, Bettelli S, Manfredini S,
Rossi G (2017) Synchronous occurrence of squamous-cell carci-
noma “transformation” and EGFR exon 20 S768I mutation as a
novel mechanism of resistance in EGFR-mutated lung adenocar-
cinoma. Lung Cancer 103:24-26. https://doi.org/10.1016/j.lungc
an.2016.11.012

Kobayashi Y, Sakao Y, Ito S, Park J, Kuroda H, Sakakura N et al
(2013) Transformation to sarcomatoid carcinoma in ALK-rear-
ranged adenocarcinoma, which developed acquired resistance
to crizotinib and received subsequent chemotherapies. J Thorac
Oncol 8(8):e75-e78. https://doi.org/10.1097/JTO.0b013e3182
93d96f

Le T, Sailors J, Oliver DH, Mayer M, Hoskin S, Gerber DE (2017)
Histologic transformation of EGFR mutant lung adenocarcinoma
without exposure to EGFR inhibition. Lung Cancer 105:14-16.
https://doi.org/10.1016/j.lungcan.2017.01.005

Peifer M, Fernandez-Cuesta L, Sos ML, George J, Seidel D,
Kasper LH et al (2012) Integrative genome analyses identify key
somatic driver mutations of small-cell lung cancer. Nat Genet
44(10):1104-1110. https://doi.org/10.1038/ng.2396

Hsu CL, Chen KY, Kuo SW, Chang YL (2017) Histologic trans-
formation in a patient with lung cancer treated with chemotherapy
and pembrolizumab. J Thorac Oncol 12(6):e75—-e76. https://doi.
org/10.1016/j.jtho.2017.02.006

@ Springer

26.

217.

28.

29.

30.

Brastianos PK, Carter SL, Santagata S, Cahill DP, Taylor-Weiner
A, Jones RT et al (2015) Genomic characterization of brain metas-
tases reveals branched evolution and potential therapeutic targets.
Cancer Discov 5(11):1164—1177. https://doi.org/10.1158/2159-
8290.CD-15-0369

Paik PK, Shen R, Won H, Rekhtman N, Wang L, Sima CS et al
(2015) Next-generation sequencing of stage IV squamous cell
lung cancers reveals an association of PI3K aberrations and evi-
dence of clonal heterogeneity in patients with brain metastases.
Cancer Discov 5(6):610-621. https://doi.org/10.1158/2159-8290.
CD-14-1129

Jamal-Hanjani M, Wilson GA, McGranahan N, Birkbak NJ, Wat-
kins TBK, Veeriah S et al (2017) Tracking the evolution of non-
small-cell lung cancer. N Engl ] Med 376(22):2109-2121. https
://doi.org/10.1056/NEJMoal616288

de Bruin EC, McGranahan N, Mitter R, Salm M, Wedge DC,
Yates L et al (2014) Spatial and temporal diversity in genomic
instability processes defines lung cancer evolution. Science
346(6206):251-256. https://doi.org/10.1126/science.1253462
Zhang J, Fujimoto J, Zhang J, Wedge DC, Song X, Zhang J
et al (2014) Intratumor heterogeneity in localized lung adeno-
carcinomas delineated by multiregion sequencing. Science
346(6206):256-259. https://doi.org/10.1126/science.1256930


https://doi.org/10.1016/j.lungcan.2016.11.012
https://doi.org/10.1016/j.lungcan.2016.11.012
https://doi.org/10.1097/JTO.0b013e318293d96f
https://doi.org/10.1097/JTO.0b013e318293d96f
https://doi.org/10.1016/j.lungcan.2017.01.005
https://doi.org/10.1038/ng.2396
https://doi.org/10.1016/j.jtho.2017.02.006
https://doi.org/10.1016/j.jtho.2017.02.006
https://doi.org/10.1158/2159-8290.CD-15-0369
https://doi.org/10.1158/2159-8290.CD-15-0369
https://doi.org/10.1158/2159-8290.CD-14-1129
https://doi.org/10.1158/2159-8290.CD-14-1129
https://doi.org/10.1056/NEJMoa1616288
https://doi.org/10.1056/NEJMoa1616288
https://doi.org/10.1126/science.1253462
https://doi.org/10.1126/science.1256930

	Histologic transformation of non-small-cell lung cancer in brain metastases
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient eligibility
	Histologic analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


