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Introduction
Fusion of the anaplastic lymphoma kinase (ALK) gene with the 

echinoderm microtubule-associated protein-like 4 (EML4) gene 
has been identified as having a prevalence of approximately 5% in 
Japanese patients with non-small cell lung cancer (NSCLC), primarily 
adenocarcinoma [1]. Indeed, ALK-fusion is rarely observed in 
histologic types of lung cancer other than adenocarcinoma. This fusion 
gene is commonly seen in a younger age group of never or previous 
light smokers [2].

We experienced a rare case of an older man, with a heavy smoking 
history, who presented with ALK-positive keratinizing pure squamous 
cell carcinoma (SqCC) of the lung [3]. We here present the key points 
of this particular case, specifically the clinicopathologic details and 
clinical significance.

Case
A 60-year-old man, who was a previous tobacco smoker of 80 

pack years, was noted to have a mass lesion measuring 32 mm × 28 
mm in the left upper lobe on chest computed tomography (CT) [3]. 
Confirmation of the histologic type was difficult on routine pathologic 
examination due to the small transbronchial biopsy (TBB) specimens 
from the mass. Immunohistochemistry (IHC) was positive for P63, 
P40, and CK5/6, but negative for TTF-1; therefore, a diagnosis of lung 
SqCC was supported. Unexpectedly, on molecular analysis, the tumor 
was proven to be positive for ALK rearrangement by fluorescent in-
situ hybridization (FISH) [3] and negative for epidermal growth factor 
receptor (EGFR) mutation by polymerase chain reaction (PCR). 
Radiological work-up detected no apparent lymph node and distant 
metastasis.

Thereafter, the patient underwent left upper lobectomy for SqCC 
lung cancer cT2aN0M0. Hematoxylin and eosin (H&E) staining of the 
surgical specimen demonstrated the typical morphology of moderately 
differentiated keratinized SqCC, specifically eosinophilic foci of 
intracellular keratinization and intercellular bridges around tumor cells 
(Figure 1A). The entire tumor consisted of pure SqCC and contained no 
component of adenocarcinoma or other histologic types. Repeat IHC 
analysis showed heterogeneously positive ALK-protein (Figure 1B) in 
all areas of the tumor. Based on a pathological stage of pT2aN0M0, 
the patient was given adjuvant chemotherapy with 250 mg/m2 of 
uracil-tegafur (UFT) and was advised to attend regular check-ups for 
postoperative recurrence.

This particular case conveyed the following clinical messages:

1. ALK rearrangement may exist in some heavy smokers who
develop keratinizing pure SqCC of the lung, although the population 
may be small.

2. Detection of ALK protein by IHC may be useful for ALK
screening of lung SqCC because of its low cost and convenience.

This case showed that ALK rearrangement may exist in keratinizing 
pure SqCC of the lung, although they are rarely identified in daily 
clinical practice. To date, only a few studies have addressed the varying 
frequency (1.4% to 2.5%) of EML4-ALK fusion genes detected by FISH 
in SqCC of the lung [4,5]. Moreover, previous detailed descriptions of 
the clinicopathologic features of lung SqCC with ALK rearrangement 
have been few [2,3,6-8]. We seldom have the opportunity to identify 
ALK-rearranged lung SqCCs probably because ALK testing was not 
recommended by the National Comprehensive Cancer Network 
(NCCN) guidelines as a routine in patients with lung SqCCs [9]. In the 
NCCN guidelines, ALK testing using FISH, which is the gold standard 
for ALK screening, remains only as a considerable option for SqCCs, 
especially in never-smokers, for small biopsy specimens, or for cancers 
with mixed histology, including adenosquamous cell carcinomas. 
At the moment, the low prevalence of ALK rearrangement does not 
justify routine testing of all tumor specimens. In the current case that 
was difficult to diagnose because of the small amount of TBB specimen, 
subsequent IHC and molecular analysis, including ALK testing, 
unexpectedly resulted in identification of ALK-positive SqCC.

Rare ALK fusion partners other than EML4-ALK, such as TFG-
ALK and KIF5B-ALK, have been reported in NSCLCs [10]. In our 
case, breakage of the single-probe ALK during FISH testing precluded 
detailed subtyping of ALK fusion genes. EML4-ALK fusion genes remain 

Figure 1: Photomicrograph of the resected squamous cell carcinoma 
specimen in a 60-year-old man with prior heavy smoking history. A) Routine 
histopathology shows the typical morphologic features of keratinizing SqCC 
(Hematoxylin and eosin stain, 400×). B) Immunohistochemistry is positive 
for ALK-protein (400×). SqCC; Squamous Cell Carcinoma; ALK: Anaplastic 
Lymphoma Kinase.
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the most popular coupling pattern among the ALK rearrangements, but 
this was not confirmed in our case.

ALK rearrangement may exist in keratinizing pure SqCC with 
heavy smoking history and in non-keratinized type without a 
smoking history

Although a certain percentage of ALK-rearranged adenocarcinomas 
are known to have characteristic morphologic features on histopathology, 
such as solid signet-ring cell pattern or mucinous cribriform pattern, 
this case of ALK-rearranged SqCC did not demonstrate such pattern. 
Instead, the usual morphologic feature of keratinizing pure SqCC 
that occupied the entire tumor was demonstrated. Furthermore, 
heterogeneous expression of ALK protein was seen throughout the 
entire area of the tumor.

Table 1 shows the previously reported 5 cases of ALK-rearranged 
pure SqCC of the lung, including our case. Recently, non-keratinizing 
SqCC with ALK rearrangement was reported by Vergne et al. [7] in 
a never-smoker. On the other hand, cases of keratinizing SqCC with 
ALK rearrangement were reported by Alrifai et al. [2], Wang et al. 
[6], and Zhang et al. [8]; one patient was a previous smoker of 40 
pack years, whereas two patients were never-smokers. Several authors 
have reported that ALK rearrangements occurred in tumors with 
intermediate features between SqCC and adenocarcinoma, such as 
adenosquamous or mucoepidermoid carcinomas [11,12]. In this case, 
we emphasized that ALK rearrangement can occur in a patient with 
prior smoking history and who develops ordinary keratinizing SqCC, 
although the specific ALK fusion partner is unknown.

Detection of ALK-protein by IHC analysis as a convenient 
ALK screening for lung SqCCs

Vergne et al. [7] discussed in his report that ALK screening may 
be relevant for tumors with intermediate phenotypes between SqCC 
and adenocarcinomas and/or those arising in non-smokers. In his 
report, he presented a case with non-keratinizing SqCC morphology 
that expressed CK5/6, p63, and p40, which are classic hallmarks of 
lung SqCC, and CK7, which is more commonly expressed in lung 
adenocarcinomas. As mentioned above, it remains unclear which SqCC 
patients should undergo ALK-testing target in the NCCN guidelines. 
Considering the relatively high cost of ALK testing by FISH, the 
position of the NCCN guideline on ALK testing may be sound.

In this case, IHC complemented the detection of ALK rearrangement 
by FISH. In all previously reported ALK-rearranged SqCC cases, except 
one that did not undergo IHC (Table 1), ALK protein expression was 
demonstrated on IHC. This led to the understanding that detection of 

the ALK protein by IHC analysis may be more suitable for screening of 
ALK-rearranged lung SqCC, because of its low cost and convenience. 
Furthermore, since ALK rearrangement may exist in both keratinizing 
and non-keratinizing pure SqCC, regardless of smoking status, we 
suppose that ALK screening by IHC may be applicable to all post-
operative recurrence or advanced lung SqCCs. We consider that this 
may increase the probability of ALK-targeted treatment as an option 
for post-operative recurrence or advanced ALK-rearranged SqCCs of 
the lung.

Treatment of ALK-rearranged lung adenocarcinoma with the 
ALK-targeted agent crizotinib is now widely recognized to significantly 
improve clinical outcomes [9]. Three of the five previously reported 
cases [6-8] of ALK-rearranged pure SqCCs received crizotinib and 
markedly responded in terms of improved quality of life (Table 1). These 
findings strongly support the idea that ALK-testing and subsequent 
ALK-targeted treatment may be a viable treatment option for patients 
with post-operative recurrence or advanced lung SqCC. In our patient, 
it may be possible that ALK-targeted therapy may be beneficial in 
case of recurrence after radical surgery and adjuvant chemotherapy 
considering the previously reported cases.

However, it remains unclear whether ALK-positive lung SqCC 
patients will show a marked response to ALK-targeted therapy that 
is as good as that of ALK-positive lung adenocarcinoma patients. In 
the field of molecular-targeted therapy against lung cancer, EGFR-
tyrosine kinase inhibitors (TKIs) have been reported to be effective for 
non-adenocarcinoma NSCLC or squamous NSCLC. In a retrospective 
investigation by Shukuya et al. [13], gefitinib was less effective in 
non-adenocarcinoma NSCLC harboring EGFR mutations than in 
adenocarcinoma harboring EGFR mutations. On the other hand, 
Paik et al. [14] reported that the response to erlotinib in 13 patients 
with EGFR-mutant squamous NSCLC was comparable to that seen in 
patients with conventional adenocarcinomas. Further similar studies 
are necessary to determine the efficacy of ALK-targeted therapy for 
lung SqCCs.
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