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Abstract. It has been reported that anaplastic lymphoma 
kinase (ALK) protein is expressed in a proportion of 
non‑small‑cell carcinomas (mainly adenocarcinomas). By 
contrast, high‑sensitivity immunohistochemistry (IHC) rarely 
detects ALK protein expression in neuroendocrine carcinomas 
(NECs) of the lung, which include small‑cell carcinomas and 
large‑cell neuroendocrine carcinomas (LCNECs). We herein 
present a case of NEC that was identified as ALK‑positive 
via high‑sensitivity IHC. A 51‑year‑old man was diagnosed 
with small‑cell carcinoma in the upper lobe of the right lung. 
Although high‑sensitivity IHC revealed that the tumor weakly 
expressed the ALK protein, no fusion gene with ALK was found 
using fluorescence in  situ hybridization (FISH). Standard 
chemotherapy was administered to the patient. Six months 
after the first visit to the hospital for the tumor, another tumor 
was identified in the upper lobe of the left lung. The tumor was 
resected and diagnosed as NEC displaying LCNEC‑like char-
acteristics. This NEC also moderately expressed ALK protein 
by high‑sensitivity IHC, without exhibiting fusion genes with 
ALK on FISH. These data suggest that the presence of ALK 
fusion genes should be confirmed by FISH or reverse tran-
scription polymerase chain reaction, even if high‑sensitivity 
IHC for ALK protein is positive in lung cancer.

Introduction

The expression of anaplastic lymphoma kinase (ALK) protein, 
induced by genomic fusion of the ALK and nucleophosmin 
(NPM) genes, was first reported in lymphoma cells (1). Such 
cases are referred to as ALK‑positive anaplastic lymphomas. 
Subsequently, genomic alterations of ALK were also reported 
for other tumors, including lung cancers, neuroblastomas 
and inflammatory myofibroblastic tumors (2‑5). It has been 
reported that the percentage of genomic alterations of ALK 
is 3‑5% in lung cancers, and that the genomic alterations 
are mainly found in adenocarcinomas (2,6). To date, several 
ALK tyrosine kinase inhibitors have been developed, such as 
crizotinib, certinib and alectinib, and ALK inhibitors have 
been found to be effective treatments for lung cancers with 
genomic alterations of ALK (7). Several methods are currently 
used to detect ALK genomic alterations in lung cancers in 
clinical practice, including reverse transcription polymerase 
chain reaction (RT‑PCR), fluorescence in situ hybridization 
(FISH) and high‑sensitivity immunohistochemistry (IHC). 
It has been reported that data from high‑sensitivity IHC for 
ALK exhibit a good correlation with data from RT‑PCR and 
FISH analyses (8,9). Recently, high‑sensitivity IHC tends to 
be performed first due to financial considerations. However, 
it has been reported that a small proportion of NECs of the 
lung express ALK protein on high‑sensitivity IHC, without 
genomic alterations (10).

We herein present a case of NEC of the lung that was 
ALK‑positive on high‑sensitivity IHC, without the presence of 
fusion genes of ALK on FISH.

Case report

A 51‑year‑old man visited Toyooka Hospital (Toyooka, Japan) 
in November 2010 due to a tumor in the right lung that was 
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identified on a chest X‑ray during a routine annual checkup. 
The patient had hypertension and a history of several episodes 

of pancreatitis and he had previously undergone partial 
gastrectomy for gastric ulcer. The patient was a smoker 

Figure 1. Computed tomography scan prior to and following chemotherapy. (A) A large tumor (diameter, 90 mm) with low blood flow was identified in the 
hilum of the right lung (arrow). The tumor infiltrated into the superior vena cava. (B) An enlarged lymph node (diameter, 12 mm) was detected at the bronchial 
bifurcation (arrow). After 3 courses of therapy, the sizes of (C) the tumor in the right lung and (D) the lymph node at the bronchial bifurcation were reduced 
(arrows).

Figure 2. Histological analysis of the biopsied sample. The hematoxylin and eosin‑stained specimen is shown at an original magnification of (A) x10 and 
(B) x40. The tumor cells expressed (C) synaptophysin, (D) chromogranin A, (E) CD56 and (F) anaplastic lymphoma kinase (magnification, x20). 
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(20‑30 cigarettes per day for 30 years) and consumed 30‑90 ml 
of alcohol per day.

Upon physical examination, superior vena cava syndrome 
was found. A chest computed tomography (CT) scan that was 
conducted during the first visit to the hospital revealed a tumor 
(90 mm in diameter) in the upper lobe of the right lung and 
enlargement of the lymph nodes in the hilar, peribronchial 
and peritracheal regions (Fig. 1A and B). A CT‑guided percu-
taneous needle biopsy was performed. Histologically, the 
specimen contained tumor cells and necrotic tissue. The tumor 
cells were medium‑sized and had a round‑oval shape with 
minimal cytoplasm and hyperchromatic nuclei (Fig. 2A and B). 

The tumor cells expressed synaptophysin, chromogranin A 
and CD56, suggesting the diagnosis of small‑cell carcinoma 
(Fig. 2C, D and E). The tumor also weakly expressed ALK 
protein (Fig. 2F). However, FISH analysis did not reveal the 
presence of an ALK fusion gene (data not shown).

The patient received chemotherapy with 6 courses of cispl-
atin (80 mg/m2 per day on day 1) plus etoposide (100 mg/m2 

on days 1, 2 and 3) and local radiation therapy (60 Gy/30 frac-
tions). After 3 courses of chemotherapy, the sizes of the tumor 
and lymph nodes were reduced, suggesting partial remission 
(Fig. 1C and D). Six months after the patient's first visit to the 
hospital, another tumor was detected in the upper lobe of the 

Figure 3. Computed tomography (CT) scan preformed 14 months after the patient's first visit to the hospital for the first neuroendocrine carcinoma (NEC) and 
for follow‑up. (A) A second tumor (arrow) was identified in the upper lobe of the left lung 6 months after the patient's first visit to the hospital and gradually 
increased in size. The image shows the CT scan of prior to resection (14 months after the first visit to the hospital). (B) CT scan performed during follow‑up for 
the first NEC in the hilum of the right lung, 4 years and 6 months after the patient's first visit to the hospital. The size of the first NEC arising in the right lung 
was significantly reduced. (C) Follow‑up CT scan of the second NEC 4 years and 6 months after the patient's first visit to the hospital.

Figure 4. Histological analysis of the second tumor in the upper lobe of the left lung. The hematoxylin and eosin‑stained specimen is shown at an original 
magnification of (A) x10 and (B) x40. The tumor cells expressed (C) synaptophysin, (D) chromogranin A, (E) CD56 and (F) anaplastic lymphoma kinase 
(magnification, x20).
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left lung. As the tumor in the left lung gradually increased in 
size, it was resected via partial excision of the upper lobe of 
the left lung by thoracoscoscopic surgery that was performed 
14 months after the patient's first visit to the hospital (Fig. 3A). 
The size of the resected tumor was 32x25x25 mm following 
formalin fixation. On histological examination, the tumor 
exhibited organoid nesting, trabecular growth, rosette‑like 
structures and peripheral palisading. Rosette‑like structures 
with a cribriform pattern were observed in the solid nests. 
Compared with small‑cell carcinoma cells, these tumor cells 
contained abundant cytoplasm (Fig. 4A and B). The tumor 
cells were moderately positive for synaptophysin and clearly 
positive for chromogranin A and CD56 (Fig. 4C, D and E), 
suggesting the diagnosis of NEC with large‑cell neuroendo-
crine carcinoma (LCNEC)‑like characteristics. The tumor 
cells were also moderately positive for ALK on high‑sensitivity 
IHC (Fig. 4F); however, FISH analysis did not identify ALK 
fusion genes (data not shown). At 6 years after his first visit 
to the hospital (the last follow‑up was in November 2016), the 
patient remains symptom‑free, without evidence of recurrence 
of either tumor (Fig. 3B and C).

This case report was approved by the Ethics Committee of 
Toyooka Hospital and the patient consented to the publication 
of the case details and associated images.

Discussion

High‑sensitivity IHC, RT‑PCR and FISH have been used to 
detect fusion genes of ALK in lung cancer (11). The results of 
high‑sensitivity IHC for ALK expression are almost entirely 
consistent with the results of ALK fusion gene detection by 
RT‑PCR or FISH. However, a small number of NECs express 
ALK protein on high‑sensitivity IHC without ALK fusion 
genes, including 2.9% of small‑cell carcinomas and 0.9% of 
LCNECs (10). We herein presented a case of NEC expressing 
ALK on high‑sensitivity IHC without the presence of ALK 
fusion genes on FISH.

In the present case, the first NEC exhibited small‑cell 
carcinoma‑like characteristics and weakly expressed the ALK 
protein, while the second NEC exhibited LCNEC‑like char-
acteristics and moderately expressed the ALK protein. The 
expression of the ALK protein by both tumors suggests that 
the second NEC may have been a metastatic lesion of the first 
NEC, since the rate of ALK expression is very low among 
NECs of the lungs. It is conceivable that chemotherapy modi-
fied the characteristics of the tumor cells. However, the second 
NEC arose at a site opposite to the first NEC. Therefore, if 
the second NEC was indeed a metastatic lesion of the first, it 
would be unlikely for the patient to have remained cancer‑free 
for a long time following resection of the second NEC without 
any adjuvant therapies. However, if the second NEC was a 
de novo cancer, the patient would be more likely to remain 
cancer‑free for a long period, but it would seem unlikely that 
both cancers were NECs, and that they both expressed ALK. 
Therefore, it has not been elucidated whether the second NEC 
was a de novo cancer or a metastatic lesion of the first NEC.

Due to financial reasons and its overall versatility, 
high‑sensitivity IHC is usually performed first to detect 
genomic alterations of ALK. It has been reported that the 
results of IHC, FISH and RT‑PCR are well‑correlated 

regarding the detection of ALK fusion genes. However, a very 
small number of cancers are ALK‑positive on high‑sensitivity 
IHC, but do not harbor ALK fusion genes on FISH. Similar to 
the study of Nakamura et al, Karlsson et al also investigated 
fusion genes in LCNECs and large‑cell carcinomas (LCs) of 
the lung; they found no ALK fusion genes in the LCNECs or 
LCs of the lung by FISH, even in cases that were ALK‑positive 
on high‑sensitivity IHC (12). The present case also exhibited a 
similar pattern of ALK expression.

Recently, Ma  et  al reported that crizotinib, an ALK 
inhibitor, is also effective for several adenocarcinomas that 
were positive for ALK on IHC, but did not harbor ALK fusion 
genes on FISH (13); they noted that current FISH methods for 
the detection of ALK fusion genes may not be able to detect all 
fusion genes of ALK. Ma et al also demonstrated that RT‑PCR 
is effective in such cases. However, further examinations are 
required to confirm this phenomenon. Since high‑quality RNA 
could not be obtained from the formalin‑fixed samples in our 
case, accurate RT‑PCR for the detection of ALK fusion genes 
could not be performed.

We herein presented a case of NEC that was ALK‑positive 
on high‑sensitivity IHC, but was negative for fusion gene(s) on 
FISH. Further investigation is required to elucidate the mecha-
nisms underlying ALK expression in NECs. Additional studies 
should be focused on elucidating whether ALK inhibitors are 
effective for NECs that are ALK‑positive on high‑sensitivity 
IHC but do not harbor ALK fusion genes on FISH.
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