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Abstract Diagnosis of basaloid squamous carcinoma

(BSCC) currently relies mainly on histological criteria,

with variable immunohistochemical results reported in

small series. We explored the use of a battery of immu-

nohistochemical stains to elucidate this diagnosis on 45

cases of BSCC. To further elucidate the immunohisto-

chemical profile of BSCC, to explore potential genetic

pathways of malignant transformation using proliferation

markers, and to investigate a possible link with Human

Papillomavirus (HPV). Forty-five cases of BSCC and 34

site-matched cases of squamous cell carcinoma (SCC)

were obtained from the archives of the pathology depart-

ment at our institution. Extensive literature review was

undertaken utilizing Medline. Ber-EP4 is a useful diag-

nostic marker for BSCC, positive in 82% (37/45) of the

cases and in 68% (23/34) of SCC. An alternative is the

combination of cytokeratins CK14 and CK7, known to be

negative, and CK1, known to be positive, which achieves

an accuracy of 73% (33/45) in BSCC and 88% (30/34) in

SCC. The two diagnostic approaches were in agreement in

66% of the cases; both methods were equally accurate in

the divergent cases. Increased expression of the prolifera-

tion markers supports the concept that BSCC is a rapidly

growing tumor. Results of p16 stains support an etiological

link between BSCC and HPV; interestingly, HPV was

present significantly more in BSCC (71% (32/45)), than in

SCC (59% (20/34)) in this study (P = 0.02).
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Introduction

Basaloid squamous carcinoma (BSCC) is an uncommon

variant of squamous cell carcinoma (SCC), that has pre-

dilection for the head and neck, though it has been

described throughout the body [1–6]. The diagnosis of

BSCC is currently based on histological criteria, including

focal squamous differentiation, a basaloid pattern associ-

ated with frank SCC or carcinoma in situ [7]. Despite these

criteria, the tumor can be histologically challenging. Poorly

differentiated SCC, basal cell carcinoma, small-cell neu-

roendocrine carcinoma, and adenoid cystic carcinoma are

mainly responsible for diagnostic dilemmas in the head and

neck [8–10], while in other locations the differentials may

vary [11]. Immunohistochemistry has been utilized in an

attempt to clarify this difficulty, but the results have been

variable and sometimes conflicting [3, 8, 10, 12–15], with

the exception of Ber-EP4, a monoclonal epithelial mem-

brane antigen (EMA), which has demonstrated some

specificity for BSCC in a few other studies [8, 9, 16].

Coletta et al. also proposed a panel of three cytokeratin

stains which were helpful in a series of five cases [17, 18].

In this study we sought to test these two previously

described stains in a larger number of cases.

Many authors state BSCC is a more aggressive variant of

SCC, citing more advanced stage at presentation, earlier
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metastasis, and recommending more definitive treatment of

such patients [19–21]. This view has been questioned in

recent articles which note these conclusions are based lar-

gely on limited numbers of case reports [22–24]. Several

genetic mechanisms have been proposed for this assumed

aggressive behavior, including cell-cycle regulators [25],

increased tumor angiogenesis [26], and tumor suppressors

and lack of apoptosis [9, 13, 14, 27], with variable results,

and precise genetic mechanisms for more aggressive

behavior remain elusive. In addition to examining prolifer-

ation markers c-kit, MIB-1 and p63, we sought a connection

with human papilloma virus (HPV) using p16 staining.

HPV-positive head and neck SCCs have a more basaloid

morphology [28–30], compared to site-matched SCCs, but

head and neck BSCC has not been definitively linked to HPV

[14] as it has been in other anatomic locations [5].

Materials and Methods

Patients

After obtaining study approval from the Institutional

Review Board (IRB) and Vermont Cancer Center (VCC),

the archives of the Department of Pathology at Fletcher

Allen Healthcare were searched for the diagnoses of

‘‘basosquamous carcinoma,’’ ‘‘basaloid squamous carci-

noma,’’ or ‘‘squamous carcinoma with basaloid features,’’

and the original hematoxylin and eosin (H & E)-stained

slides and pathology reports were reviewed according to

the criteria of Wain et al. [7], for a total of 41 cases, with

distribution as follows. Twenty-one were from head and

neck sites (five from neck lymph nodes, four each from

tongue base and tonsil, two from vallecula, one each from,

pharynx, epiglottis, floor of mouth, nasal bridge and lateral

tongue), eight from anorectal sites, eight from genitouri-

nary sites, and eight from lung. Thirty-eight site-matched

squamous cell carcinoma cases were located for compari-

son; however, upon review of the original H & E slides

before any immunostaining had been performed, four of

these squamous cell carcinoma cases were reclassified as

BSCC since greater that 50% of the tumor was made up of

basaloid cells with the typical growth patterns described

above, and were included in the study group for data

analysis [21], with distribution as follows. Eighteen were

from head and neck sites (five from neck lymph nodes, five

from tongue base, three from tonsil, two from larynx, and

one each from floor of mouth, vallecula, epiglottis and

pharynx), eight from anorectal sites, six from genitourinary

sites, and two from lung.

Immunostaining

The formalin-fixed and paraffin-embedded tissue blocks

from the 45 basaloid squamous and 34 squamous cell

carcinoma were sliced into 5 lm sections and incubated

overnight at 60�C for adherence to glass slides. Deparaff-

inization of tissue was achieved with xylene, and

rehydration was performed in graded alcohol solutions into

water, and subsequent peroxidase quenching in 3%

hydrogen peroxide in methanol for 15 min at room tem-

perature, followed by another water rinse. Antigen retrieval

was performed utilizing the Dako Antigen Retrieval system

(Dako, Carpinteria, CA), incubated 30 min at room tem-

perature. Appropriate positive and negative control slides

were prepared for each antibody, as per respective manu-

facturer’s instructions (Table 1).

Immunohistochemistry slides were interpreted by the

diagnosing pathologist with regard to two parameters: 1)

The percentage of tumor cells with positive staining (cases

with \10% of tumor cells expressing stain were deemed

‘‘negative’’) and 2) The intensity of stain expression,

reported as either ‘‘strong’’ or ‘‘weak.’’ Any consistent

pattern of positive staining, with regard to the tumor

architecture, was also noted. The only exception to this

reporting system is MIB-1, where we reported a percentage

of positive stained cells. This is in keeping with prior

publications which reported that the number of cells

expressing MIB-1 is diagnostically important, whereas the

intensity of this expression is not [31].

Table 1 Antibodies, sources, and dilutions

Antibody Full name & clone Manufacturer Concentration

Ber EP4 Mouse IgG anti-Human Epithelial Antigen, clone Ber-EP4 Dako 0.625 mg/ml

c-kit (CD117) Rabbit polyclonal anti-Human CD117 Dako 1.24 mg/ml

CK1a Mouse IgG anti-cytokeratin 1, clone 34bB4 Vector Laboratories 7.6 lg/ml

CK7 Mouse IgG anti-cytokeratin 7, clone OV-TL 12/30 Dako 5 lg/ml

CK14 Mouse IgG anti-cytokeratin 14, clone LL002 BioGenex 5.8 lg/ml

MIB-1 (Ki-67) Mouse IgG anti-Human Ki-67 Antigen, clone MIB-1 Dako 10.6 lg/ml

p16 Mouse IgG anti-p16, clone JC8 Lab Vision 2 lg/ml

p63 Mouse IgG anti-p63, clone 4A4 Dako 5.9 lg/ml

a Incubated at 4�C overnight for antigen retrieval
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Statistical Analysis

The percentage of cells with positive stain in BSCC and

SCC were compared using the Mann-Whitney test, and

stain intensity was analyzed with Fisher’s Exact Test. Tree

regression analyses were then used to delineate which set

of tests could best discriminate between the two tumor

types, and to provide cutoff values for the continuous

variable (the percentage of positive cells).

Results

The original H & E-stained slides revealed 26 of the 45

BSCC (57.8%) were composed of basaloid nests with scant

cytoplasm, prominent nuclear pleomorphism, palisading of

the nuclei at the periphery of each nest, and central

necrosis, all with a lobular growth pattern and small foci of

squamous differentiation. The remaining 19 BSCC (42.2%)

possessed more prominent squamous areas, some with

minimal keratin, and predominant or prominent basaloid

areas admixed.

Immunohistochemistry demonstrated the proliferation

markers c-kit (CD117), MIB-1 (Ki-67), and p63 were

expressed in a significantly larger percentage (P \ 0.05) of

BSCC tumor cells when compared with site-matched SCC

tumors. Likewise Ber-EP4 and p16 were found to be

present in significantly larger percentages of BSCC cells.

Cytokeratins (CK) 1, 7, and 14 were expressed at signifi-

cantly different levels in the two groups of tumors. CK1

and CK14 were both present in greater numbers in SCC,

whereas CK7 was present in a greater amount in BSCC

cells (Table 2).

There were no significant differences for any of the

stains with regard to intensity, except for the cytokeratins

and Ber-EP4. CK1 and CK14 displayed significantly

greater ‘‘strong’’ staining in SCC (P = 0.0005 and

P = 0.01, respectively), and CK7 displayed ‘‘strong’’

staining significantly more often in BSCC (P = 0.01). Ber-

EP4 was also strongly positive more often in BSCC

(P = 0.0008).

Regression tree analysis determined the most specific

marker of BSCC was Ber-EP4 positivity (P \ 0.0001). If

Ber-EP4 is used as a single marker, with any positive result

considered as the diagnostic of BSCC, then the stain results

correctly identified 89% of BSCC and 47% of SCC, for an

overall accuracy of 71%. This high false-positive rate

(identifying SCC as BSCC) can be partially rectified by

establishing a cutoff value of 30% positivity. That is, if at

least 30% of tumor cells must be positive to diagnose

BSCC, the overall accuracy rose to 77%, correctly identi-

fying 82% of BSCC and 68% of SCC. This is a novel

finding within the literature, as other, smaller, studies did

not share these results [32]. Although a higher proportion

of BSCC cells were CK14 positive, there was a greater

discrimination between BSCC and SCC cells if negative

CK14 stain was used as the criterion for diagnosing BSCC.

Additional BSCC cells were diagnosed if there were

positive CK1 and negative CK7 results. This combination

(negative CK14 or positive CK1 and negative CK7) cor-

rectly identified 73% of BSCC and 88% of SCC. The two

methods agreed on 66% of the BSCC and SCC diagnoses,

though further analysis to determine method was more

likely to be accurate in these divergent cases found to be

equivalent.

Discussion

Our study represents the largest series of basaloid squa-

mous carcinoma (BSCC) examined immunohisto-

chemically, notably larger than prior studies concurrently

comparing BSCC to SCC [3, 8–10, 13, 18, 26, 33]. While

not universally accepted [22–24], the hypothesis that

BSCC represents a more aggressive variant is supported by

the significantly increased expression of three proliferation

markers in this series. Of the three proliferation markers

investigated, the increased expression of MIB-1 (Ki-67)

diffusely throughout the tumor mass denotes a large

Table 2 Total cases positive, median, range, and P-value for each

antibody

Antibody Cases

Pos./total

Median

% Pos.

Range

% Pos.

P-value

Mann–

Whitney

c-kit (CD117) 6/45a 0a 0–90a 0.03

0/34b 0b 0–0b

MIB-1 (Ki-67) 42/45a 60a 0–90a 0.0009

32/34b 40b 0–80b

p63 43/45a 100a 0–100a 0.002

34/34b,c 80b 10–100b

Ber-EP4 40/45a 70a 0–100a \0.0001

20/34b 10b 0–100b

p16 32/45a 90a 0–100a 0.02

20/34b 45b 0–100b

CK1 9/45a 0a 0–90a 0.0004

19/34b 10b 0–100b

CK7 24/45a 10a 0–100a 0.004

7/34b 0b 0–100b

CK14 24/45a 10a 0–100a \0.0001

32/34b 90b 0–100b

a BSCC
b SCC
c All p63 positive staining in SCC was limited to peripheral, basal

layer only
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percentage of cells (median = 60%) actively dividing in

BSCC, because the target protein accumulates beginning in

the G1 phase, and is not present in cells in G0. In contrast,

MIB-1 expression was predominantly within the basal

layers of SCC, representing lower total percentages

(median = 40%) of tumor cells (Fig. 1). These trends were

present in large absolute numbers of both BSCC and SCC

groups (Table 2). While these findings are supportive of

the hypothesis that BSCC is a rapidly growing and, per-

haps, biologically more aggressive tumor, other

proliferation markers may be of more practical use when

faced with a diagnostic dilemma.

A broadly similar pattern emerged with p63 immuno-

staining. Within the BSCC, positive staining occurred

diffusely throughout the tumor mass, and these cells rep-

resented large portions of the overall tumor (median =

100%). The SCC universally displayed some p63 overex-

pression, but this was always localized to a very obvious

basal layer, even to a peripheral row of single cells (Fig. 2).

The precise role of p63 in tumor development is an

ongoing area of research, but it is known to be overex-

pressed in epithelial cancers of the head and neck [34], and

is essential for the proliferative capacity of epithelial stem

cells [35]. Whereas great numbers of cells overexpressing

p63 dispersed throughout the tumor are again suggestive of

a rapidly growing malignancy, this variation in the pattern

of overexpression may be diagnostically helpful to the

practicing pathologist. Thirty-four out of 34 total SCC

(100%) displayed this prominent pattern of staining, sug-

gesting variance from this configuration, or more diffusely

positive staining, could represent features of BSCC or,

possibly, other phenotypic SCC variants not addressed in

this study.

The proliferation marker c-kit (CD117) was also posi-

tive significantly more often in BSCC than in SCC, though

the absolute numbers are quite small (6/45 BSCC and 0/34

SCC). Thus, from a diagnostic standpoint, c-kit reactivity

would seem to exclude the diagnosis of SCC, although the

small absolute numbers make its use limited when differ-

entiating BSCC from SCC. From a pathophysiologic

viewpoint, the stem cell factor (SCF)/c-kit pathway seems

to play a minimal role in the development of either tumor.

Numerous environmental and genetic factors likely play

a role in the development of BSCC or SCC; some of these

vary with the anatomic location of the malignancy.

Tobacco exposure has long been associated with SCC of

the lung and upper aerodigestive tract, and more recently,

with BSCC of the oropharynx [23]. Human Papillomavirus

(HPV) has been associated with SCC of the anogenital

region as well as the head and neck [36–38]. More con-

troversial is the relationship of HPV with the development

of BSCC, with several small studies yielding conflicting

results. Cabanillas et al., found no evidence of HPV DNA

in nine cases of pharyngeal BSCC [14], whereas Rubin

Fig. 1 Diffused expression of

MIB-1 (Ki-67) is seen in BSCC

(a) compared with SCC (b),

where it is largely restricted to

the basal cell layer. Both images

are shown at 109 magnification

Fig. 2 Expression of p63 is

widespread in BSCC (a, at 109

magnification), whereas it is

exclusive to the basal cell layer

in SCC (b, at 49 magnification)
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et al. [15] and Kleist et al., demonstrated significant asso-

ciations between HPV and male genital, and oropharyngeal

BSCC [39], respectively.

It seems likely that the conflicting results within the

literature regarding the presence of HPV in BSCC can be

attributed to the small sample size of the relevant studies.

In this subset of 45 BSCC, p16 positivity (used as a sur-

rogate marker for HPV, as the p16 cyclin-dependent kinase

is epigenetically inactivated in non-HPV positive tumors

[40]) was demonstrated in 32 cases (71.1%) of these

positive cases, 14 were head and neck specimens, eight

anorectal, eight urogenital, and two were from lung. The

majority of these p16-positive specimens were from loca-

tions commonly associated with HPV infection

(oropharynx, genitalia, anus and rectum), and although p16

is not commonly encountered in lung malignancies [41], it

has been described in subsets of non-small cell lung can-

cers [42, 43]. These results illustrate HPV can be

associated with BSCC, especially in anatomic locations

known to be predisposed to HPV-related malignancy, as

with other SCC varieties. While HPV-related oropharyn-

geal SCC is thought by some to have a favorable prognosis

[38], further investigation will be required to determine

whether this is also the case in HPV-related BSCC.

In addition to any prognostic differences between BSCC

and SCC, there can also be significant diagnostic difficulty,

particularly in correctly identifying BSCC. Whereas there

are many BSCC that fulfill all of the histologic criteria set

forth by Wain et al. [7] and will not present problems to

veteran surgical pathologists, there are many others that will

not be so easily characterized. With such a broad differen-

tial and corresponding differences in treatment, accurate

diagnosis is both challenging and essential. Two immuno-

histochemical methods found to be helpful by other authors

were employed in this study, to determine their utility in a

larger sample. The first, proposed by Tellechea et al. [16],

used Ber-EP4 as a marker of BSCC, and this has been

documented in other small series to be efficacious as well

[8, 9]. The second, proposed by Coletta et al. [17, 18], uses

the combination of positive CK1 and positive CK14 with

negative CK7. CK1 was reported positive only in the ker-

atinizing component of the tumor, while CK14 was

expected to be diffusely positive in the basaloid cells;

negative CK7 staining was important to exclude adenoid

cystic carcinoma or other salivary gland tumors.

The use of Ber-EP4 in this sample confirmed prior

reports of its increased activity in BSCC (Fig. 3). While

there is at least one report of a BSCC series negative for

Ber-EP4, it examined only six cases and thus could be

explained by chance [32]. It is also important to note 20/34

SCC were at least focally positive, but the median posi-

tivity for BSCC was significantly higher (Table 2). As a

single marker, Ber-EP4 can correctly identify BSCC in

71–77% of the cases, depending on parameters used. If

any positive result was deemed sufficient to diagnose

BSCC, it was correct in 71% of cases, whereas if a cutoff

was established requiring at least 30% of cells positive

before BSCC could be diagnosed, overall accuracy

increased to 77%.

The panel of cytokeratins proved similarly useful in this

series (Fig. 4). Of the three stains employed, CK14 was by

far the most statistically important, with the other two

results contributing little to the overall diagnostic accuracy

from a statistical standpoint. Individually, CK1 had the

highest overall accuracy (71% versus 67% for CK14 and

65% for CK7), as well as the highest sensitivity rate for

BSCC at 80%. However, higher overall accuracy and

sensitivity was attained if a cutoff of B60% was used with

CK14 (76 and 82%, respectively). In their original article,

Coletta et al., noted that CK14 was diffusely positive in

both of their BSCC cases [17], whereas in our series CK14

was still useful if B60% of the tumor cells were positive.

Several reasons for this discrepancy may exist. Differing

dilutions of reagent may have been used, as the parameters

were not published in the letter by those authors; also, there

may have been variable amounts of basaloid and squamous

components in the tumors used in our study compared to

those two cases. It is noteworthy, though, that even focal

positivity was diagnostically useful in this cytokeratin

panel in including the diagnosis of BSCC, particularly

since CK14 reactivity helps exclude neuroendocrine

tumors and undifferentiated carcinomas [18, 44].

CK1 and CK7 can be used to increase detection of

BSCC but at the cost of misidentifying SCC—namely the

overall accuracy does not improve. Likewise, a negative

CK7 result did not dramatically influence the statistical

analysis, but is certainly important clinicopathologically to

Fig. 3 Ber-EP4 expression in BSCC. Note the specificity of the stain

for the cell membranes, sparing the nuclei, seen here at 209

magnification
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rule out other tumors such as adenoid cystic carcinoma,

adenocarcinoma, or adenosquamous carcinoma. When

implementing this diagnostic battery, pathologists must

remember to vigilantly examine the CK1-stained sections,

as this expression can be quite focal and demonstration of

the squamous component is one of the diagnostic criteria

for BSCC. Although this combination of three cytokeratin

stains may be more cumbersome and time-consuming to

implement, it achieves similar or better accuracy (76–80%,

depending on numerical cutoffs used) than Ber-EP4 alone

in correctly identifying BSCC and SCC.
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