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Abstract

In advanced lung cancer treatment, immunotherapy provides durable responses in
some patients. However, other patients experience progressive disease and the resis-
tance mechanisms to immunotherapy have yet been fully elucidated. Small cell trans-
formation of non-small cell lung cancer (NSCLC) is commonly recognized as one of
the resistance mechanisms to epidermal growth factor receptor (EGFR)-tyrosine
kinase inhibitors in EGFR-mutant NSCLC treatment. As a resistant mechanism for
immunotherapy, we report the first case of small cell transformation in 2017. Since
then, eight similar cases have been reported and the concept of small cell transforma-
tion is now becoming more prevalent as a mechanism of immunotherapy resistance.
In our facility, we have experienced four cases of small cell transformation after
immunotherapy (including the reported case in 2017). The histology of each primary
tumor was squamous cell carcinoma, large cell type neuroendocrine carcinoma, or
poorly differentiated NSCLC. None had driver gene mutations. Nivolumab was
administered in all four cases and atezolizumab was administered as a next line to
nivolumab treatment in one case. The best response to immunotherapy was partial
response or stable disease. There was a wide range of periods from the start of immu-
notherapy to confirmation of small cell transformation (from 2 weeks to almost
3 years). In conclusion, small cell transformation is an important resistance mecha-
nism in cancer immunotherapy. When NSCLC progresses after immunotherapy, the
possibility of small cell transformation and rebiopsy should always be encouraged, as
it leads to clarification of the resistance mechanisms and frequency.
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(EGFR)-tyrosine kinase inhibitors (TKIs) in EGFR-mutant
NSCLC treatment, which accounts for 3%-14% of resistant

Lung cancer is one of the most diagnosed cancers and the
leading cause of cancer death worldwide.! Since 2015,
immunotherapy has become a major pillar in advanced lung
cancer treatment.”> While some patients achieve durable
responses with immunotherapy,® other patients experience
progressive disease. However, the resistance mechanisms to
immune checkpoint inhibitors (ICIs) have yet been fully elu-
cidated. Small cell transformation of non-small cell lung
cancer (NSCLC) is commonly recognized as one of the resis-
tance mechanisms to epidermal growth factor receptor

cases.*™ Since we reported the first case of small cell trans-
formation as a resistant mechanism for immunotherapy in
2017, similar cases of small cell transformation after immu-
notherapy have been reported® ' and we have experienced
another three cases in our facility. In cancer immunother-
apy, the concept of small cell transformation is becoming
more prevalent as a mechanism of immunotherapy resis-
tance. Herein we report four cases of tumor transformation
from NSCLC to small cell lung cancer (SCLC) with
immunotherapy.
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CASE REPORT
Case 1

A 64-year-old man with a smoking history of 84 pack-years
was diagnosed with squamous cell carcinoma of the lung
(T1aN2MO, stage IITA) (Figure la, 1b). He underwent right
lower lobe lung lobectomy in November 2015 followed by
four cycles of adjuvant chemotherapy, a combination of car-
boplatin and docetaxel. Serum tumor marker levels at diag-
nosis were carcinoembryonic antigen (CEA) 13.5 ng/ml;
cytokeratin-19 fragment (CYFRA) 4.9 ng/ml; progastrin-

releasing peptide (pro-GRP) 63.5 pg/ml; and neuron-specific
enolase (NSE) 10.5 ng/ml. In April 2016, a positron emis-
sion tomography (PET) scan showed multiple abnormal
uptake of 18F-2-fluoro-2-deoxy-glucose (FDG) on an occu-
pying lesion in the liver, the right adrenal gland and a nod-
ule in the left lung, compatible with metastases, and
immunotherapy with nivolumab was started. Serum tumor
marker levels at that time decreased (CEA 6.9 ng/ml and
CYFRA 2.9 ng/ml). After eight cycles of nivolumab treat-
ment, although a computed tomography (CT) scan revealed
a partial response in the adrenal gland and liver metastases
and stabilizing of the lung metastasis, nivolumab

FIGURE 1

CD56

Clinical and pathological images of case 1. A computed tomography (CT) scan at first diagnosis showed a nodule in the lower lobe of the

right lung (a). Lobectomy specimens showed malignant cells with anisokaryosis and hyper chromatic nuclei, which suggests moderately differentiated
squamous cell carcinoma (b, hematoxylin and eosin (HE) staining x100). After 15 cycles of nivolumab administration, a CT scan revealed progression of the
lesion in the right adrenal gland (c). Specimens of right adrenectomy showed atypical and clear cells proliferating and exhibiting rosette features. Histological
images of mitosis and areas of necrosis were also seen (d, HE staining x100). Immunohistochemical (IHC) staining was positive for CD56 (e, x100).
Morphology and immunohistochemistry were compatible for neuroendocrine carcinoma, large cell type. CT-guided needle biopsy was performed for one of
the nodules in the right lung (f). The biopsy specimens showed malignant cells with scant cytoplasm and hyperchromatic nuclei, which suggested small cell

cancer (g, HE staining x400). IHC staining was positive for CD56 (h, x400)
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administration was withdrawn due to interstitial lung disease
(ILD) following an immunotherapy-related adverse event
(irAE). In June 2017, a CT scan revealed progression of meta-
static lesions in both the right adrenal gland and the left lung,
and nivolumab was recommenced. However, after 15 cycles of
nivolumab administration, his ILD relapsed in January 2018
and lung cancer treatment, including immunotherapy, was
again withdrawn. In July 2018, following a CT scan, the lesion
in the right adrenal gland was revealed to have progressed
(Figure 1c), whereas other metastatic lesions had partially
responded. In October 2018, right adrenectomy was per-
formed and pathological findings were compatible with neuro-
endocrine carcinoma, large cell type (LCNEC) (Figure 1d).
Immunohistochemical (IHC) staining was partially positive
for CD56 (Figure le), chromogranin A and synaptophysin. In
February 2019, a CT scan revealed progression of the metasta-
sis in the left lung and the emergence of multiple nodules in
the right lung (Figure 1f). CT-guided needle biopsy of one of
the nodules in the right lung was performed and pathology
revealed small cell carcinoma (Figure 1g). There were no fea-
tures of squamous cell carcinoma or LCNEC in the biopsy
specimens. IHC analysis demonstrated positive staining for
CD56 (Figure 1h), chromogranin A and synaptophysin.
Serum tumor marker levels were CEA 5.8 ng/ml; CYFRA
2.1 ng/ml; pro-GRP 30.7 pg/ml; and NSE 6.8 ng/ml.

Case 2

A 74-year-old woman with no history of smoking was path-
ologically diagnosed with LCNEC (T3NOMO, stage IIB) after
lung lobectomy of the left lower lobe in January 2016. Serum
tumor marker levels at diagnosis were CEA 13.7 ng/ml;
CYFRA 26.6 ng/ml; pro-GRP 67.0 pg/ml and NSE
18.4 ng/ml. In August 2016, the disease relapsed in the
mediastinal lymph nodes and she underwent cytotoxic che-
motherapy (one cycle of carboplatin/paclitaxel followed by
four cycles of vinorelbine). Owing to disease progression,
immunotherapy with nivolumab was started consecutively.
Although immunotherapy achieved a good partial response
for the majority of the treatment period, the mediastinal
lymph nodes were found to be enlarged after the 15th cycle
of nivolumab administration in April 2018. Serum CEA
gradually decreased from 17.2 ng/ml (when nivolumab ther-
apy started) to 5.0 ng/ml. As a next line of treatment,
atezolizumab was administered for eight cycles, which was
not effective. In November 2018, endobronchial ultrasound-
guided transbronchial needle aspiration for the enlarged
mediastinal lymph node was performed and small cell carci-
noma was pathologically diagnosed. Serum pro-GRP was
74.4 pg/ml and NSE was 16.5 ng/ml.

Case 3

A 70-year-old man was diagnosed with squamous cell car-
cinoma in the left upper lobe of the lung (T4N1MO, stage

IITA) in September 2015, when serum CEA was
1.4 ng/ml. His previous medical history was notable for
early-stage esophageal cancer and he had a smoking his-
tory of 88 pack-years. After lung lobectomy and lymph
node dissection, he underwent adjuvant radiation therapy
(50 Gy) for residual disease in the mediastinal surgical
margin. In August 2017, CT and PET scans revealed mul-
tiple nodules in the bilateral lungs and pleura, suggesting
relapsed disease. Serum CEA was elevated to 7.4 ng/ml. He
underwent cytotoxic chemotherapy (carboplatin/nab-pac-
litaxel) and developed febrile neutropenia during the first
cycle. As his clinical course suggested no tolerability for
cytotoxic chemotherapy, immunotherapy with nivolumab
was chosen for subsequent treatment. Nivolumab was
administered for a total of 15 cycles, including a with-
drawal period because the patient developed dermatitis.
The best response during immunotherapy was stable dis-
ease. In March 2019, a CT scan revealed infiltration of
pleural dissemination into the right chest wall and enlarge-
ment of the mediastinal and paraaortic lymph nodes.
CT-guided needle biopsy of the pleural lesion was per-
formed and its histology was small cell cancer. Serum CEA
increased to 46.4 ng/ml and proGRP and NSE were not
measured.

Case 4

This case has already been reported.” A 75-year-old man
with a 50 pack-year history of smoking was clinically diag-
nosed with poorly differentiated NSCLC, not otherwise
specified (cT3N3Mla, stage IV), in February 2016. Serum
tumor marker levels at diagnosis were CEA 17.5 ng/ml;
Sialyl Lewis X-i (SLX) 68.2 U/ml; pro-GRP 299.4 pg/ml; and
NSE 14.2 ng/ml. No EGFR mutations were identified, and
ALK translocation was found to be negative following fluo-
rescent immunohistochemical assay. The patient was
included in a clinical trial and offered chemotherapy, a com-
bination of docetaxel and bevacizumab, as a first-line treat-
ment. Following two cycles of chemotherapy, a CT scan
revealed partial response and tumor markers gradually
decreased (CEA 3.0 ng/ml; SLX 32.9 U/ml). In April 2016,
the patient developed sigmoid colon perforation, which is a
well-known adverse event associated with bevacizumab
treatment, and subsequently underwent an emergency sig-
moid colon resection. Cancer treatment was withdrawn, and
the disease gradually progressed. In August 2016, immuno-
therapy with nivolumab was initiated as a second-line regi-
men. Despite three cycles of nivolumab administration, the
tumor continued to progress, the right pleural effusion
increased, and some subcutaneous tumors emerged.
Cytopathological examination of the pleural fluid revealed
SCLC. Moreover, SCLC was also identified in a biopsy from
a subcutaneous tumor of the right chest, with negative
staining for programmed death (PD)-ligand 1 (L1). Serum
tumor markers of SCLC were elevated (NSE 117.6 ng/ml
and proGRP 5157.5 pg/ml).
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DISCUSSION

Here, we report four cases of tumor transformation from
NSCLC to SCLC with immunotherapy, including the first
case previously reported in 2017.” We reviewed the literature
and found eight reported cases, other than our cases, of
small cell transformation by immunotherapy.®* "> All cases
are summarized in Table 1. Almost all patients had a
smoking history. The histology of the primary tumor in our
cases was squamous cell carcinoma, LCNEC, and poorly dif-
ferentiated NSC:C. Adenocarcinoma was not revealed in our
cases, but it was revealed in four reported cases. Immune
checkpoint inhibitors administered were PD-1 inhibitors,
nivolumab or pembrolizumab, apart from one case in which
a PD-L1 inhibitor, atezolizumab, was administered as a next
line to nivolumab treatment (case 2). The best response to
immunotherapy were various (partial response, stable dis-
ease, or progressive disease). There was a wide range in the
period from the start of immunotherapy to confirmation of
small cell transformation (from 2 weeks to almost 3 years).
The treatment for transformed SCLC has not been
established. Regimens for SCLC were chosen as the follow-
ing therapy after transformation in all cases but one (contin-
uation of nivolumab treatment).

The precise mechanism of small cell transformation with
immunotherapy has not been elucidated, as well as that of
EGFR-TKI treatment. Two kinds of possible transformation
mechanism are proposed, as discussed in our previous study.”
One hypothesis is that NSCLC cells histologically transform to
small cell cancer cells. Bar et al,'® Tams et al.'' and Sehgal
et al.'* reported the successful detection of the same genomic
features in initial and secondary tumors, which supports the
histological transformation hypothesis at the cellular level. We
searched gene mutations using the Oncomine Dx Target Test
(Ion Torrent Personal Genome Machine Dx Sequencer;
Thermo Fisher Scientific) and found no common genomic
features in NSCLC and SCLC in each case. Considering the
insufficient sensitivity in detecting genomic features, histologi-
cal transformation in each cancer cell may be difficult to diag-
nose but it does exist. The other hypothesis is that the initial
tumor contained both NSCLC and SCLC components,
resulting in small cell predominance with immunotherapy. In
some cases, neuroendocrine features were histologically rev-
ealed in pretransformation tumors. LCNEC were revealed in
the primary tumor (case 2) and the secondary biopsied tumor
(case 1), whereas the primary tumors had no neuroendocrine
features in case 3 and 4. Bar et al.'® reported two cases in
which the primary tumors (squamous cell carcinoma) histo-
logically had neuroendocrine features. Because the needle
biopsy or bronchoscopic lung biopsy does not reveal the
whole tumor histology and the biopsied sites were inconsistent
per biopsy in some cases, combined tumor at the initial exam-
ination is a possibility that needs to be addressed, but LCNEC
might reflect a transition state from NSCLC to SCLC.

The frequency of small cell transformation with immu-
notherapy is still unknown. The main reason is that, unlike
the EGFR-TKI treatment, rebiopsy is not commonly

performed after immunotherapy, which is not an exception in
our facility. Nevertheless, in spite of the infrequency of
rebiopsy, we experienced these four cases of small cell trans-
formation during approximately 5 years. Sehgal et al. assumed
that histological transformation with immunotherapy is
under-recognized due to the infrequency of rebiopsy.'*

In EGFR mutant NSCLC treatment, undergoing a tumor
rebiopsy is strongly recommended for the detection of sec-
ondary mutations (e.g., EGFR T790M) after disease progres-
sion with EGFR-TKI treatment” In the era of cancer
immunotherapy, the importance of rebiopsy, as well as
molecular targeted therapy, should be emphasized. This can
lead to the clarification of the resistance mechanisms and
their frequencies.

We were unable to clarify the resistance mechanism in
the cases reported here. It is important to prove the exis-
tence of a common genetic background factors to define the
histological transformation hypothesis at the cellular level.
We used the Oncomine Dx target test to detect common
driver oncogene mutations, but none were found. Lin et al.
investigated genetic profiles of combined SCLC and NSCLC
and revealed a high consistency in EGFR/TP53/RB1 muta-
tions."> These mutations might be found by scrutiny with
next-generation or whole exome sequencing, but unfortu-
nately we did not have enough specimens or budget to
perform them.

In conclusion, here, we report four cases of small cell
transformation from NSCLC after immunotherapy. As
reported in this study, small cell transformation is an impor-
tant resistance mechanism in cancer immunotherapy. When
NSCLC progresses after immunotherapy, the possibility of
small cell transformation and rebiopsy should always be
taken into consideration.
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