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Serum ProGRP and NSE levels predicting small cell
lung cancer transformation in a patient with ALK
rearrangement-positive non-small cell lung cancer: A case report
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Abstract. The resistance mechanisms to anaplastic lymphoma
kinase (ALK) inhibitors comprise ALK gene variations, such
as ALK point mutations and copy-number gains, the activation
of bypass signaling through the activation of other oncogenes
and small cell lung cancer (SCLC) transformation. To date, few
studies have investigated whether tumor markers for SCLC
correlate with the SCLC transformation in EGFR-mutant
NSCLC and ALK-positive non-SCLC (NSCLC). The present
case study reported a patient with SCLC transformation
after alectinib treatment. The patient exhibited elevation of
pro-gastrin-releasing peptide precursor and neuron-specific
enolase levels, which may be predictive of SCLC transforma-
tion during the resistance to ALK-tyrosine kinase inhibitors.

Introduction

Anaplastic lymphoma kinase (ALK) gene rearrangements
are present in 3-5% of patients with non-small cell lung
cancer (NSCLC). Research has revealed the promising
clinical activity of ALK-tyrosine kinase inhibitors (TKIs)
in the treatment of patients with NSCLC who contain ALK
rearrangements. Crizotinib was the first ALK-TKI approved
for patients with ALK rearrangement-positive NSCLC.
Recently, two second-generation ALK-TKIs (alectinib and
ceritinib) have been approved for the treatment of ALK
rearrangement-positive NSCLC in Japan. Although these
inhibitors exhibited significant clinical responses, almost all
patients treated with them developed resistance. Some studies
have reported that the resistance mechanisms in patients with
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ALK rearrangement-positive NSCLC comprised ALK gene
alterations, such as ALK point mutations and copy-number
gains (1,2), bypass signaling activation through the activa-
tion of other oncogenes (3,4), and SCLC transformation (5,6).
However, to date, no study has reported a correlation between
tumor markers and SCLC transformation in both EGFR-mutant
and ALK rearrangement-positive NSCLC. Here, we report a
case of a patient with SCLC transformation after alectinib
treatment who exhibited an elevation of pro-gastrin-releasing
peptide precursor (ProGRP) and neuron-specific enolase
(NSE) levels, suggesting these to be predictive of SCLC trans-
formation during the development of resistance to ALK-TKIs.

Case report

A 62-year-old former smoker male (38 pack-year history)
with contralateral lung metastases presented with lung
adenocarcinoma in clinical stage TlaN3Mla. The patient
provided informed consent. He underwent biopsy of the left
supraclavicular lymph node, and both immunohistochemistry
(IHC) and fluorescence in situ hybridization (FISH) revealed
adenocarcinoma with ALK rearrangement. Accordingly, he
received cytotoxic chemotherapy (carboplatin, pemetrexed,
and bevacizumab), to which his best response was a stable
disease. After 4 months of the treatment initiation, his drug
regimen was changed to 300 mg alectinib two times daily,
which is the approved dosage in Japan, due to the disease
progression. Eventually, he attained complete radiological
remission. After 1 year of alectinib treatment, brain magnetic
resonance imaging revealed a new central nervous system
(CNS) metastasis. Accordingly, he underwent stereotactic
radiotherapy (SRT) for the isolated CNS lesion and continued
receiving alectinib beyond the CNS progression. After 2 years
of the alectinib initiation, computed tomography (CT) revealed
a new mass (55x60 mm) in the left lobe of the liver (Fig. 1A).
The pathological finding corroborated SCLC transformation
(Fig. 2A). In addition, the detection of the ALK overexpres-
sion and rearrangement with IHC and FISH confirmed
SCLC transformation in this specimen (Fig. 2B and C).
During rebiopsy, serum ProGRP, NSE, and carcinoembry-
onic antigen (CEA) levels were 275.5 pg/ml, 21.8 ng/ml and
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Figure 1. CT scans of liver metastasis. CT scans (A) just before the initiation of CDDP and ETP; (B) after four cycles of CDDP and ETP; and (C) just before
the initiation of AMR. CT, computed tomography; CDDP, cisplatin; ETP, etoposide; AMR, amrubicin.

Figure 2. Histopathological analysis of liver metastasis after alectinib treatment. (A) Hematoxylin and eosin staining indicated small round cell proliferation,
which is consistent with the diagnosis of SCLC (original magnification, x100). (B) Tumor cells were positive for ALK immunohistochemistry (original
magnification, x100) and (C) break-apart signals were observed in ALK FISH. SCLC, small cell lung cancer; ALK, anaplastic lymphoma kinase; FISH,
fluorescence in situ hybridization.
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Figure 3. Time course of serum CEA, NSE and ProGRP levels before and after rebiopsy for SCLC transformation. CEA, carcinoembryonic antigen; NSE,
neuron-specific enolase; ProGRP, pro-gastrin-releasing peptide precursor; SCLC, small cell lung cancer.
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10.8 ng/ml, respectively (serum ProGRP and CEA levels upon
ALK rearrangement-positive NSCLC diagnosis were 56.3 pg/ml
and 4.2 ng/ml, respectively). Accordingly, he temporally
received ceritinib after alectinib treatment; however, serum
ProGRP, NSE, and the size of liver metastasis continued to
increase. Thus, we switched to cisplatin and etoposide. After
four cycles, CT revealed a partial response of the liver lesion to
the treatment (Fig. 1B). After 3 months, liver metastasis repro-
gressed (Fig. 1C). Hence, we treated the patient with three more
regimens [amrubicin (AMR), nivolumab, and irinotecan], but
the tumor progressed. After 4 years of the treatment initiation,
the patient died due to disease progression.

Discussion

This case report retrospectively analyzed the serial tumor
markers CEA, NES, and ProGRP because the diagnosis of
ALK rearrangement-positive NSCLC in a patient (Fig. 3). Three
months before SCLC transformation was confirmed by a liver
biopsy, serum CEA,NES, and ProGRP levels were within normal
limits. However, after SCLC transformation, serum ProGRP and
NSE levels correlated with tumor response to chemotherapy for
SCLC and were significantly beneficial for monitoring tumor
progression. Thus, this study revealed that tumor markers, such as
ProGRP and NSE, can predict SCLC transformation at the time
of developing resistance to ALK-TKISs.

Apparently, ProGRP and NSE are two of the tumor markers of
SCLC that are preferentially used to diagnose diseases. Typically,
the diagnostic specificity of NSE is rather limited owing to a
relatively high false-positive rate. Conversely, the diagnostic sensi-
tivity and specificity of ProGRP in SCLC are higher compared
to those in NSE (7). To date, no study has investigated whether
tumor markers for SCLC could be predictive markers for SCLC
transformation in not only EGFR-mutant NSCLC but also ALK
rearrangement-positive NSCLC. To the best of our knowledge,
only one case study of SCLC transformation in EGFR-mutant
NSCLC reported the elevation of serum ProGRP and NSE levels.
However, whether tumor makers could be predictive for the diag-
nosis of SCLC transformation, due to the confirmed pathological
diagnosis at autopsy, remains unclear. Hence, our case is the first
to report that both ProGRP and NSE could be useful predictive
markers for SCLC transformation.

Research has identified several ALK-TKI resistance mecha-
nisms in patients with ALK rearrangement-positive NSCLC,
and each resistance mechanism exhibits a different sensitivity
to other ALK inhibitors in ALK rearrangement-positive
NSCLC (8). Thus, identifying the resistance mechanism that
remains sensitive to other ALK inhibitors could be essential in
selecting appropriate ALK inhibitors as subsequent ALK-TKISs.
In addition, non-invasive liquid biopsies and cell-free DNA
(cfDNA) genotyping have been developed to detect these resis-
tance mechanisms efficiently because multiple tumor biopsies
are related to both risks and discomfort (6,9-12). However, liquid
biopsies are limited in the diagnosis of histological transforma-
tion. Hence, we anticipate that combining ProGRP and specific
cfDNA for the detection of ALK resistance mutation could be
more useful. Indeed, in our case, both ProGRP and NSE levels
were elevated at the time of developing resistance to alectinib,
suggesting that we could predict SCLC transformation before
rebiopsy. Further investigation of the correlation between
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tumor markers ProGRP and NSE and SCLC transformation is
warranted.
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