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Background: Lung cancer is the third most common cancer worldwide. With major advances in
the molecular testing of lung cancers and the introduction of targeted therapies, the distinction
between adenocarcinoma and squamous cell carcinoma as well as pathologic subtyping has
become important. Recent studies showed that p40 is highly specific for squamous and basal
cells and is superior to p63 for diagnosing lung squamous cell carcinoma. The aim of this study
was to evaluate the use of p40 immunohistochemical stain in the diagnosis of non-small cell lung
carcinoma and its potential to replace current p63 antibody as the best immunohistochemical
squamous marker. Methods: Seventy formalin-fixed paraffin-embedded cases previously diag-
nosed as primary lung squamous cell carcinoma (n=35) and lung adenocarcinoma (n = 35) from
January 2008 to December 2016 were retrieved. The results of tumour cell immunoreactivity for
p40 and p63 antibodies in lung squamous cell carcinoma and lung adenocarcinoma were com-
pared. Results: p40 was expressed in 27 cases of lung squamous cell carcinoma (77.1%). All
cases of lung adenocarcinoma (35/35, 100%) were negative for p40. p63 expression was positive
in 30 cases of lung squamous cell carcinoma (85.7%) and 13 cases of lung adenocarcinoma
(37.1%). Reactivity for both p40 and p63 in lung squamous cell carcinoma was strong and diffuse,
whereas variable reactivity was observed in lung adenocarcinoma. Conclusions: p40 is an excellent
marker for distinguishing lung squamous cell carcinoma from adenocarcinoma, and p40 expression
is equivalent to p63 expression in lung squamous cell carcinoma.

Key Words: Non-small cell lung carcinoma; Immunohistochemistry; Lung neoplasms; p40; p63

Lung cancer is the most common cancer among males and
the third most common cancer in the general population of
Malaysia as well as worldwide. Worldwide, there was an esti-
mated 1.8 million new cases of lung cancer in 2012." In Malaysia,
there were 10,608 cases of lung cancer diagnosed between 2007
to 2011, comprising 7,415 males and 3,193 females.” Lung cancer
is also the most common cause of cancer deaths and is estimated
to be responsible for 1.59 million mortalities.' Most lung cancers
are detected at a late stage, and 60% of cases were detected at
stage IV.!

With recent advances in molecular testing of lung cancers
and the introduction of targeted therapies, distinction between
adenocarcinoma and squamous cell carcinoma, as well as patho-
logic subtyping, has become increasingly important. Specific
therapies can be offered to patients depending on the histologic
diagnosis and molecular status of the tumour. For example,
patients with lung adenocarcinoma harbouring epidermal
growth factor receptor (EGFR) mutations and anaplastic lym-
phoma kinase (ALK) rearrangement are given first-line treat-
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ment with tyrosine kinase inhibitors and crizotinib, respectively,
while patients with squamous cell carcinoma are contraindicated
for bevacizumab therapy, as it is associated with life-threatening
haemorrhage.** Therefore, it is crucial to establish the accurate
histologic subtype to guide patient selection for further molec-
ular testing.’

Patients with advanced disease are usually inoperable, so they
often receive targeted molecular therapies.” In such sicuations, a
small biopsy and cytology preparations are often the only speci-
mens available for histologic diagnosis and molecular testing.’
This has led to major changes in the latest pathologic classifica-
tion by the World Health Organization (WHO) with particular
emphasis on tumour classification and strategic tissue manage-
ment for handling non-resected specimens.” The diagnosis of
adenocarcinoma and squamous cell carcinoma can be made
based on morphology alone in 50%-70% of non-resected spec-
imens." However, immunohistochemistry and special stains are
often required in the setting of poorly differentiated tumours
that do not show definite morphology by routine light microscopy.
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The recommended markers for adenocarcinoma are thyroid
transcription factor 1 (TTF1) and napsin A, whereas accepted
antibodies for squamous differentiation include p63, p40, and
cytokeratin (CK) 5/6.* To preserve as much tissue as possible for
molecular studies, algorithms recommend a maximum use of
two antibodies in each case.**” Most tumours can be classified
using a single adenocarcinoma marker and a single squamous
marker.*¢

p03 is a homologue of the p53 tumour suppressor gene that
is responsible for proliferation and differentiation of epithelial
progenitor cells.* The p53 gene contains two promoters that
produce two isoforms; one isoform contains the N-terminal
transactivation domain (TAp63) and the other lacks this domain
(ANp63).* p63 is normally expressed in the nuclei of basal and
progenitor cells of stratified epithelia such as skin, esophagus,
tonsil, urothelium, ectocervix, and vagina, and in the basal cells
of glandular structures of the thymus, prostate, breast, and bron-
chi.® Both TAp63 and ANp63 show overlapping distribution
in some epithelial tissue. However, TAp63 is more expressed in
differentiated cells while ANpG63 is seen in the stem-like cell
populations.”

Anti-p63 (4A4) is a well-accepted immunohistochemical
marker for lung squamous cell carcinoma in most laboratories.
Despite having extremely high sensitivity, as antibodies for p63
(4A4) recognize both p63 and p40 proteins, studies have shown
it has a lack of specificity in a subset of lung cancers, particularly
lung adenocarcinoma.” Focal or weak p63 staining can be seen
in 30% of lung adenocarcinoma and has been misinterpreted to
favour squamous differentiation.”' Interpretation of p63 is also
dependent on TTF1 expression because only diffuse p63 staining
in the absence of TTF1 is considered to favour squamous cell
carcinoma. An incorrect diagnosis of squamous cell carcinoma
could be made with unforeseen faulty TTF1 immunostaining.®
Moreover, additional squamous markers such as CK5/6 may be
required, which compromises tissue preservation for molecular
studies.*"!

Antibody p40, which identifies ANp63, has been available
for several years but its use for distinction of lung squamous cell
carcinoma and adenocarcinoma was only recently studied. p40
is consistently the predominant isoform expressed in squamous
cell carcinoma; thus, it offers improved specificity for diagnosing
squamous cell carcinoma.” Studies by Bishop ¢ @/.” and Nonaka'’
showed that p40 has 100% sensitivity and specificity in lung
squamous cell carcinoma. Another study by Tacha e a/."* reported
an 85% sensitivity and 98% specificity.

In local Malaysian diagnostic histopathology laboratories,
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selection of immunohistochemistry studies is highly dependent
on the morphologic features present on hematoxylin and eosin
sections and the availability of markers. Currently, there is no
standardized diagnostic immunohistochemical workup in the
diagnosis of non-small cell lung carcinoma (NSCLC). However,
a panel of TTF1, CK5/6, and p63 is the most commonly used
set of immunohistochemistry studies for distinguishing adeno-
carcinoma from squamous cell carcinoma.

In this study, we investigated the expression of p40 in lung
squamous cell carcinoma and lung adenocarcinoma in comparison
to p63 expression. In addition, the present study was performed
to evaluate the utility of p40 and p63 in arriving at an accurate
diagnosis in NSCLC.

MATERIALS AND METHODS

This study was approved by the Ethical Committee of Uni-
versiti Kebangsaan Malaysia Ref No. UKM 1.5.3.5/244/JEP-
2016-089 and was exempted from informed consent by the
institutional review board (IRB). All cases diagnosed as primary
lung squamous cell carcinoma and adenocarcinoma between
January 2008 and December 2016 were reviewed. Cases that
fulfilled the inclusion and exclusion criteria with sufficient tissue
samples were selected for this study. Hematoxylin and eosin
stained slides were reviewed by two pathologists to confirm the
diagnosis. Tumours were graded on the basis of WHO classifi-
cation. The tissues were obtained from routine formalin-fixed
paraffin-embedded blocks of small biopsies and resected speci-
mens of 35 lung squamous cell carcinoma and 35 lung adeno-
carcinoma cases. Information on patient details was retrieved
from the Computerized Medical Record System. Patient identity
remained anonymous and each subject was coded accordingly.

Primary antibodies

Two antibodies were used in this study, mouse monoclonal
p63 antibody (Clone DAK-p63, Ready-To-Use, Code IR662,
Dako, Glostrup, Denmark) and mouse monoclonal p40 anti-
body (1:100, clone BC28, Code Ab172731, Abcam, Cam-
bridge, UK). Normal skin and laryngeal squamous cell carcinoma
tissues were used as the positive controls for p63 and p40,
respectively.

Immunohistochemical staining method
Immunohistochemical staining was performed on tissue sec-

tions using the protocol from EnVision FLEX +, Mouse, High

pH (Code No. K8012, Dako). Primary antibody was diluted to
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optimal concentration using Antibody Diluent, Dako REAL
(Code No. S2022, Dako).

The tissue blocks were sectioned to approximately 3 pm
thickness. The tissue slides were incubated on hot plates at
60°C for 1 hour and initial deparaffinization and pre-treatment
was performed in the Decloaking Chamber NxGen (Ref. No:
DC2012-220V, Biocare Medical, Pacheco, CA, USA) using En-
Vision FLEX Target Retrieval Solution, High pH (Code No.
DMS828, Dako) at 110°C for 30 minutes. Slides were incubated
with the primary antibodies for 20 minutes at room tempera-
ture, followed by incubation with EnVision FLEX/HRP (Code
No. DM822, Dako) for 20 minutes. Sections were then incu-
bated with 1x DAB-containing Substrate Working Solution
for 10 minutes. Slides were then counterstained with Hema-
toxylin 2 (REF 7231, Thermo Scientific, Rockford, IL, USA).

Immunohistochemical staining analysis

The staining intensity of both p40 and p63 markers were
scored as 0, 1+, 2+, or 3+ (Fig. 1) and the percentage of immu-
noreactive cells were recorded.” Cases were considered positive
if 5% or more of the tumour cells showed brown nuclear staining.
Cases with less than 5% staining or no areas of positive staining
were regarded as negative.

Statistical analysis

Data analysis was performed using the SPSS software pro-
gram ver. 20.0 (IBM Corp., Armonk, NY, USA). Pearson chi-
square test was used to assess the association between positivity
of each marker and tumour diagnosis. Here, p-values less than
.05 were considered statistically significant.
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RESULTS

Epidemiologic and clinico pathologic data

A total of 70 cases of NSCLC were investigated. More than
half of the cases presented with distant metastasis at diagnosis
(64.2%). For squamous cell carcinoma, 32 (91.4%) cases were
males and three cases (8.6%) were females. The mean age at
squamous cell carcinoma diagnosis was 68 years, ranging from
36 to 98 years. Adenocarcinoma had a more similar sex distribu-
tion, with 19 cases (54.3%) in males and 16 cases (45.7%) in
females. The mean age for adenocarcinoma was 59 years, rang-
ing from 25 to 90 years. Squamous cell carcinomas comprised
seven well, 11 moderately, and 15 poorly differentiated tu-
mours. Among the adenocarcinomas, there were nine well, 14
moderately, and 12 poorly differentiated carcinomas. The clini-
cal information is summarised in Table 1.

p40 immunostaining

Twenty-seven cases of primary lung squamous cell carcinoma
(77.1%) were positive for p40 (Table 2). The reactivity of p40
nuclear staining in lung squamous cell carcinoma was strong
and diffuse; 71.4% of cases had intensity score of 3+ in more
than 50% of tumour cells (Table 3, Fig. 2). Remarkably, eight
cases that were previously diagnosed as primary lung squamous
cell carcinoma showed negative staining. Of these, six cases
(17.1%) had intensity score of 0 and two cases (5.7%) showed
minimal reactivity (less than 5% of tumour cells) with intensity
score of 1+. The original slides were reviewed and all of these
cases are poorly differentiated tumours with focal squamous-
like morphology including solid growth pattern, abundant
eosinophilic cytoplasm (resembling cytoplasmic keratinization),
sharp cell borders, and intercellular bridges (Fig. 2). Six cases

Fig. 1. Intensity score for positive p40 and p63 nuclear staining in tumour cells. (A) Score 1+ for weak positivity. (B) Score 2+ for moderate
positivity. (C) Score 3+ for strong positivity.
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had prior immunohistochemistry and the diagnosis of squa-
mous cell carcinoma was made on the basis of negative TTF1
and p63 positivity (n = 3). The other two cases were diagnosed
as squamous cell carcinoma based on morphology alone. In con-
Table 1. Demographic and clinicopathologic data of patients diag-

nosed with lung squamous cell carcinoma and lung adenocarci-
noma

Squamous cell

carcinoma Adenocarcinoma

Sex, n (%)

Male 32 (91.4) 19 (54.3)

Female 3(8.6) 16 (45.7)
Age at diagnosis, mean +SD (yr) 68+12.8 59+14.2
Ethnicity

Malay 23 20

Chinese 11 14

Indian 0 0

Others 1 1
Histologic grade

Well differentiated 7 9

Moderately differentiated 12 14

Poorly differentiated 16 12

trast, all (100%) lung adenocarcinomas were negative for p40.

Two cases of lung adenocarcinoma showed weak p40 expres-
sion (1+). However, the immunoreactive cells were minimal (in
less than 5% of tumour cells) and scattered with no specific pat-
tern. Immunopositivity of p40 and p63 according to tumour
differentiation is shown in Table 4.

Table 5 summarizes immunohistochemical profile of p40-
negative squamous cell carcinoma and histologic grading.

p63 immunostaining
Thirty cases (85.7%) of lung squamous cell carcinoma were

Table 2. Expression of p40 and p63 in lung squamous cell carci-
noma and lung adenocarcinoma

Squamous cell carcinoma Adenocarcinoma
p40
Positive 27 (77.1) 0
Negative 8(22.9) 35 (100)
p63
Positive 30 (85.7) 13(37.1)
Negative 5(14.3) 22 (62.9)

SD, standard deviation.

Table 3. Immunoreactivity for p40 and p63 in lung SCC and lung ADC

Values are presented as number (%).

Cases with the following intensity score

Cases with the following proportion of immunoreactive cells

No.
0 1 2 3 0%—-4% 5%-25% 26%-50% >50%
SCC
p40 35 6 (17.1) 3(8.6) 1(2.9 25 (71.4 2(5.7) 2(5.7) 0 25 (71.4)
p63 35 4(11.4) 2(6.7) 3(8.6) 26 (74.3) 129 4(11.4) 0 26 (74.3)
ADC
p40 35 33(94.3) 2(6.7) 0 0 2(56.7) 0 0 0
p63 35 13 (37.1) 9(25.7) 8(22.9) 5(14.3) 9(25.7) 6(17.1) 5(14.3) 2(5.7)
Values are presented as number (%).
SCC, squamous cell carcinoma; ADC, adenocarcinoma.
(%) (%)
100 94.3 [p40 =3 p63 80 743 [p40 =3 p63
90 - 71.4
70 -
80 - 71.47_4'3 60
70 - ]
60 - 50 -
50 40 +
40 |- 31 30 - 257
2 47 27 229 20 (AT
200,86 143 114 :
10 L[ 11457 298-6 57 n 10 57, 5m 57 H 57
0 T ’_’_‘ T ’-_m T T O T 0 0 : T T 0 O T T 0 T 0 T O rl_
0 1+ 2+ 3+ 0 1+ 2+ 3+ 04 525 2650 >50 | 04 525 26-50 >50
Squamous cell carcinoma Adenocarcinoma Squamous cell carcinoma (%) Adenocarcinoma (%)

Intensity score

A

(B

Tumour cell immunoreactivity

Fig. 2. Analysis of p40 and p63 expression in lung squamous cell carcinoma and adenocarcinoma. (A) Intensity score. (B) Tumour cell im-

munoreactivity.
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positive for p63 (Table 2). The expression of p63 in lung squa-
mous cell carcinoma was also strong and diffuse, equivalent to
that of p40, and 74.3% of cases had intensity score of 3+ in
more than 50% of tumour cells. Among lung adenocarcinomas,
13 cases (37.1%) showed p63 positivity. These cases demon-
strated a vast range of immunoreactivity, with minimal reactivity
(less than 5% of tumour cells) in nine cases, focal reactivity (5
to 50% of tumour cells) in 11 cases, and diffuse reactivity (more
than 50% of tumour cells) in two cases (Table 3, Fig. 2).

All p63 negative cases were also negative for p40. Conversely,
three p40 negative cases were p63 positive (Table 5). In their
benign counterparts, both p40 and p63 showed nuclear staining
in basal bronchial cells.

As shown in Table 6, the specificity of p40 for lung squa-
mous cell carcinoma was 100% compared to 62.9% for p63.
The sensitivity of p40 and p63 was 77.1% and 85.7%, respec-

Table 4. Immunopositivity of p40 and p63 according to tumour dif-
ferentiation

Tumour differentiation No. p40 p63
Squamous cell carcinoma
Well differentiated 7 7/7 (100) 7/7 (100)
Moderately differentiated 12 12/12 (100) 12/12 (100)
Poorly differentiated 16 8/16 (50) 11/16 (68.9)
Adenocarcinoma
Well differentiated 9 0/9(0) 3/9 (33.3)
Moderately differentiated 14 0/14(0) 8/14 (57.1)
Poorly differentiated 12 0/12 (0) 2/12 (16.7)

Values are presented as number (%).
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tively. p40 has a higher positive predictive value for lung squa-
mous cell carcinoma than p63 (100% vs 69.8%). Both markers
had similar negative predictive values.

DISCUSSION

NSCLC, constituting tumours other than small cell carcinoma,
accounts for 85% of all lung cancers; lung adenocarcinoma and
squamous cell carcinoma are the most frequent histologic sub-
types.”" Morphologically, adenocarcinoma is identified by
glandular differentiation and mucin production. Squamous dif-
ferentiation is recognized by keratinization, keratin pearls, and
intercellular bridges.” However, distinguishing between the
two can be challenging, particularly in poorly differentiated
tumours. In such cases, immunohistochemical markers are rec-
ommended for precise histologic subtyping.* To date, the
WHO recommends that cases should be classified as NSCLC,
favouring adenocarcinoma when they are positive for an adeno-
carcinoma marker (TTF1 or mucin) with a negative squamous
marker (p63 or p40). Conversely, cases with at least moderate
diffuse staining for a squamous marker and negative adenocar-
cinoma marker should be classified as NSCLC, favouring squa-
mous cell carcinoma.

Although most lung tumours can be accurately subtyped by
co-expression of TTF1 and p63, a small percentage of cases
showed overlapping (TTF1+/p63+) or indeterminate staining
patterns (TTF1/weak p63+), leading to misinterpretation and

Table 5. Histologic findings and IHC profile of p40-negative lung squamous cell carcinoma

Case No. Nature of specimen p40 p63 Histologic grade Squamoid morphology Other IHC
2 Lung biopsy 1+ 1+ Poorly differentiated - CK7+, TTF1-
(in <5%)
3 LLung biopsy 0 0 Poorly differentiated  Focal intercellular bridging and keratinization -
4 Lung biopsy 0 0 Poorly differentiated  Intercellular bridging and keratinization
9 Lung biopsy 0 2+ Poorly differentiated  Abundant eosinophilic cytoplasm CK+, TTF1+ (focal)
(in >50%)
21 Lung biopsy 0 2+ Poorly differentiated  Focal intercellular bridging and keratinization  TTF1-, p63+
(in 5%—-25%)
22 Lung biopsy 0 0 Poorly differentiated  Abundant eosinophilic cytoplasm TTF1-, CK5/6-
33 LLung biopsy 0 0 Poorly differentiated  Abundant eosinophilic cytoplasm CK7+ (focal),
p63+ (focal), TTF1-
34 LLung biopsy 1+ 2+ Poorly differentiated  Focal intercellular bridging CK7+, p63+, TTF1-
(in<5%)  (in 5%-25%)

IHC, immunohistochemistry; CK, cytokeratin; TTF1, thyroid transcription factor 1.

Table 6. Sensitivity and specificity of p40 and p63 in lung squamous cell carcinoma

Sensitivity (%) Specificity (%) PPV (%) NPV (%) p-value
p40 771 100 100 81.4 <.001
p63 85.7 62.9 69.8 815 <.001

PPV, positive predictive value; NPV, negative predictive value.
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incorrect diagnosis.”'' p63 is a sensitive marker for squamous
differentiation, but its specificity is only 60%—-82%.'" Fre-
quent p63 reactivity, particularly in adenocarcinoma and lym-
phoma, is a significant pitfall in diagnosis of lung cancer.”

Accurate histologic diagnosis and subtyping has major thera-
peutic implications."* Current clinical practice guidelines rec-
ommend patients with lung adenocarcinoma or NSCLC favour-
ing adenocarcinoma should undergo molecular testing."”
Incorrect diagnosis of squamous cell carcinoma may exclude pa-
tients from receiving targeted therapy, or worse, it may endan-
ger patients to complications of the treatment.”

In studies conducted on mainly resected specimens, p40
demonstrated 98%—100% specificity with comparable sensitivity
to that of p63, indicating its reliability for diagnosing squa-
mous cell carcinoma.”'*"* Our study was conducted to investigate
the expression of p40 and p63 in predominantly small biopsies
and few resected specimens of lung squamous cell carcinoma
and adenocarcinoma. The present study was in line with previous
reports in concluding that p40 is more specific than the stan-
dard p63 antibody for diagnosing lung squamous cell carcino-
ma. However, our study demonstrated a lower sensitivity for
p40 compared to prior studies.

Based on a literature review, a case with negative p40 is less
likely to be squamous cell carcinoma. A study by Tacha ef /.”
described six cases of poorly differentiated lung squamous cell
carcinoma (5.6%) that were negative for p40; subsequent staining
with other squamous markers were also negative. Kadota et a/.’
reclassified 31 cases (6.5%) of lung tumours that were originally
diagnosed as squamous cell carcinoma into other histologic
subtypes based on negative p40 staining. Rekhtman ez a/."° re-
classified three tumours with an initial diagnosis of squamous
cell carcinoma and lack of p40 expression as solid adenocarcinoma.
In the present study, eight cases originally diagnosed as squa-
mous cell carcinoma were negative for p40. Based on the review

of histology sections of these cases as well as the p40 findings,

these cases were reclassified as poorly differentiated or solid type
adenocarcinoma. Thus, p40 is highly recommended in cases of
poorly differentiated carcinomas to confirm or exclude the line
of squamous differentiation.

Three discrepant cases with p63 positivity, p40 negativity,
and TTF1 negativity were initially diagnosed as squamous cell
carcinoma. These cases were poorly-differentiated tumours with
focal areas displaying squamoid morphology such as intercellular
bridging and abundant eosinophilic cytoplasm (Fig. 3). TTF1
is not exhibited in 25% of lung adenocarcinomas, and the three
discrepant cases in this study could be categorized as adenocar-
cinoma. Since there are few discrepant cases, future studies
involving larger sample sizes of poorly differentiated cases are
recommended to determine the sensitivity and specificity of
p63 and p40 markers in defining subtypes of NSCLC. A three-
panel approach of using p63, p40, and TTF1 in cases of carcino-
ma with complex tumour differentiation would assist in reaching
a specific diagnosis.

The majority of cases (92.9%) in the current study were
small biopsy tissues (n = 65) with only five resected specimens
(7.1%). As addressed by Travis e a/.,” small biopsy specimens
may not be representative of the total tumour due to histologic
heterogeneity of lung cancers. Also, the distinguishable mot-
phologic features of squamous or adenocarcinoma differentia-
tion are only identifiable if the solid tumour component was
sampled."’

Two p40 antibodies are available for current laboratory use,
rabbit polyclonal p40 (RPp40) and mouse monoclonal p40
(MMp40, BC28). RPp40 was used in the above-mentioned
studies.””'’ Nonaka' reported variable background staining
that did not hinder the staining interpretation. RPp40 has been
demonstrated to stain macrophages in lung tissue and non-spe-
cific cytoplasmic staining in neoplastic cells while MMp40 has
clear nuclear staining without non-specific background stain-
ing."” Mouse monoclonal antibody was used in the present
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Fig. 3. Poorly differentiated tumour with squamous-like morphology. Tumour cells with abundant eosinophilic cytoplasm and distinct cell

borders (A), intercellular bridges (B), and keratinization features (C).
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study, and distinctive nuclear staining with a clean background
was observed.

In summary, we demonstrated strong and diffuse p40 expres-
sion in the majority of lung squamous cell carcinomas and ab-
sence of p40 expression in all lung adenocarcinomas. Expression
of p63 is similar to that of p40 in lung squamous cell carcinoma,
but there was variable p63 immunoreactivity in lung adenocar-
cinoma. In poorly differentiated cases, a three-panel approach of
p63, p40, and TTE-1 may help to distinguish adenocarcinoma
from squamous cell carcinoma. Thus, p40 is an excellent marker
for distinguishing lung squamous cell carcinoma from adeno-
carcinoma, and that its expression is equivalent to that of p63

in lung squamous cell carcinoma.
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