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Abstract

p63 expression has been identified in several cohorts as a predictor of poorer prognosis in Merkel

cell carcinoma. We used multivariate analysis in a large independent cohort to determine the

clinical utility of this parameter. Immunohistochemistry was used to determine p63 expression on

MCC tumors from 128 patients. Of these, 33% had detectable p63 expression. p63 positivity was

associated with an increased risk of death from MCC (hazard ratio 2.05, p = 0.02) in a multivariate

Cox regression model considering stage at presentation, age at diagnosis, and gender. Although

p63 expression correlated with diminished survival in this largest cohort reported thus far, the

effect was weaker than that observed in prior studies. Indeed, within a given stage, p63 status did

not predict survival in a clinically or statistically significant manner. It thus remains unclear

whether this test should be integrated into routine MCC patient management.
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Introduction

Merkel cell carcinoma (MCC) is an aggressive neuroendocrine skin cancer, likely derived

from epidermis1, and with disease-associated mortality of 46%2. An international consensus

staging system was adopted in 20102, however, there remains a clinical need to identify

biomarkers to refine prognosis. p63 is a transcription factor with functionally distinct
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alternative splice products that are expressed in the dividing basal layer of the epidermis3 as

well as in many cancers. p63 expression in cancer cells has been reported to be associated

with worse prognosis in certain types of cancer including squamous cell carcinoma of the

head and neck and a subset of B-cell lymphomas, but with better prognosis in other cancers

including estrogen receptor-positive breast cancer4-9. The expression of p63 can be tested

immunohistochemically and is a standard laboratory assay used in the diagnosis of prostate

and breast cancers10,11.

Asioli et al reported p63 as a potential prognostic factor for Merkel cell carcinoma12,13. p63

expression was detected in 61% of MCCs (43 of 70 cases) and demonstrated a strong

association with poor survival in a univariate analysis for localized MCC (20% 5-year

survival for patients with p63 positive tumors; n=21 vs. 100% for those with p63 negative

tumors; n=19; p<.0001). Hall et al recently reported (n=42) that p63 expression represents a

strong risk factor (p<0.0001) for shortened survival14. Another study of 17 cases suggested a

correlation between p63 expression and poor prognosis in MCC15. In contrast, Lim et al

reported no significant association of p63 expression with disease outcome, however, in this

study only 9% cases were positive for p63 expression16. None of these studies carried out

multivariate analysis for p63 and survival in which stage was included. The goals of the

present study were to test whether p63 independently predicts survival for a larger MCC

cohort in a multivariate analysis and to explore its potential clinical utility.

Materials and methods

Patient characteristics

All studies were performed in accordance with Helsinki principles and were approved by the

Institutional Review Board (IRB study number: 6585) at the Fred Hutchinson Cancer

Research Center. A total of 128 patients were included in this study. These included patients

who had enrolled in Merkel cell carcinoma research while seeking care at a tertiary care

center affiliated with this study or via an informational website (www.merkelcell.org). A

total of 156,301 days (5139 months) of detailed follow-up were obtained. Median follow-up

was 41 months for patients who did not die of MCC (35 months among all patients). There

were 11 cases in which patients died, and it was not possible to obtain the cause of death.

Based on statistical analysis of their stage and age, as compared to US population data, it is

likely that the majority of these deaths were attributable to non-MCC related causes.

Therefore, these 11 cases were attributed to the non-MCC death category.

MCC diagnosis

Diagnosis of MCC required agreement of two independent pathologists and, in the vast

majority of cases, was supported by CK20 dot-like perinuclear staining as well as negative

immunohistochemistry for TTF-1 and/or CK7. In cases in which these characteristic

immunohistochemistry findings were not present, the pathologists determined the skin lesion

was consistent with MCC based on morphology, neuron specific enolase, chromogranin, or

synaptophysin positivity. In addition, if CK20 was not positive, to ensure that there was no

evidence that this was a metastasis from a neuroendocrine tumor from lung or another

primary site, careful radiologic evaluations were carried out.
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Staging

Tumor staging was performed using the 2010 American Joint Commission on Cancer

guidelines for MCC2.

Tissue selection

Formalin-fixed, paraffin-embedded tissues were obtained from >50 pathology labs across

the United States. Effort was made in all cases to obtain the primary tumor sample when

feasible. In the event that more than one tissue was received for a particular patient, the

following hierarchy was employed for tissue selection: primary tumor > regional nodal

metastasis > recurrence > distant metastasis. A total of 101 primary tumors, 15 nodal

metastases, 4 recurrences, and 8 distant metastases were studied. For 11 of 15 patients who

had only nodal metastases studied, the patient had no clinically identifiable primary tumor.

p63 staining

All tissues were processed in a uniform manner in 4 batches at a single institution

(University of Washington Department of Pathology). 5 micrometer sections were baked

onto charged glass slides. Samples were then deparaffinized, and heat-induced epitope

retrieval was performed (incubation at 98° C for 18 minutes in a temperature-controlled

microwave oven in citrate buffer, pH 6.0). Slides were stained for 40 minutes with mouse

monoclonal anti-p63 (Clone 4A4, Dakopatts) at a dilution of 1:500 in PBS/1% BSA. This

primary antibody detects all known isoforms of p63, and is the same clone used in the

largest prior Merkel cell carcinoma studies12,13. Secondary detection was with avidin/biotin.

All staining was performed within 9 days of slide cutting to minimize signal loss as

previously described by Burford et al17. A stain with normal mouse serum in place of

primary antibody was employed as negative control, and normal basal epidermis, present in

most cases, served as an on-slide positive staining control.

p63 scoring

Expression of p63 was scored semi-quantitatively using the modified histochemical score

(H-score) of McCarthy et al18. In brief, scores range from 0-300 and are calculated using the

following formula: 0*(% of MCC nuclei with no staining) + 1*(% of MCC nuclei with weak

staining) + 2*(% of MCC nuclei with moderate staining) + 3*(% of MCC nuclei with

moderate staining). Three separate high power fields were scored for each sample

independently by two pathologists. The median score was then calculated from these six

reported high power fields in order to obtain a single score for each sample. Agreement

between the two pathologists was generally very strong (R2 value of 0.84 for linear

regression comparing the numeric median scores).

An H-score of 10 or greater was considered to be positive. This cut-point was selected prior

to scoring or statistical analyses and was chosen because it was employed as the cut-point in

Asioli et al12,13 in order to be comparable to their prior studies. An H-score of 10 roughly

translates to 1 in 10 MCC nuclei staining weakly or 1 in 33 MCC nuclei staining strongly for

p63. Six percent (8 of 128) of the p63 stained slides were discrepant between the two

pathologists regarding the critical H score threshold of 10. These discrepant cases were re-

reviewed and a consensus H score was determined.
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Statistical analysis

All statistical analyses were performed using STATA software (StataCorp LP). Merkel cell

carcinoma specific mortality was analyzed using univariate and multivariate Cox regression.

Deaths known to be due to non-MCC causes (n=3) were treated as a competing risk. Deaths

where the cause of death was unknown (n=8) were treated as presumptive MCC deaths.

Cumulative incidence of MCC-specific mortality was estimated using standard methods. All

p-values are two-sided and derived from likelihood ratio tests.

Results

P63 expression was detectable in 33% of MCC tumors

MCC tumors from a total of 128 patients were studied for p63 expression (Figure 1). Of

these, 33% (n=42) expressed p63 at least weakly (Table 1; Figure 1B). 79% of p63 positive

MCC tumors expressed p63 at levels significantly lower than that of on-slide epidermis

controls (H-score of 10-99, n=33), while 21% of positive tumors had p63 expression that

was comparable to basal epidermis (H-score ≥100, n=9).

No significant differences in p63 expression were observed comparing MCC tumors by age

or gender (Table 1). However, p63 was more likely to be positive in patients who presented

with advanced MCC (Table 1, p = 0.03). Specifically, 61% of patients with p63 positive

tumors had advanced disease (stage III-IV) at presentation as compared to 45% of patients

whose tumors were p63 negative (p = 0.03).

Expression of p63 is associated with poorer MCC-specific survival

In univariate analysis, presence of p63 expression was associated with significantly higher

MCC-specific mortality (hazard ratio 2.05, p = 0.02, Table 2). Cumulative mortality at 5

years was 63% among those with p63-positive tumors (n=42) as compared to 31% for those

with p63-negative tumors (n=86; Figure 2A).

We further tested whether the degree of p63 expression, as manifested by staining intensity,

was associated with MCC-specific mortality. The strength of p63 expression was associated

with MCC-specific outcome (Figure 2B) with a trend for higher mortality associated with

higher levels of expression (ptrend = 0.04).

The present cohort included patients who presented with nodal disease with no identified

skin primary. Analysis was repeated restricting patients to only those for whom a primary

skin tumor was available for study; similar results were observed (n=101, hazard ratio for

p63 expression 2.57, p = 0.02).

Multivariate analyses were performed in order to determine whether p63 expression is an

independent predictor of survival that adds information to current tumor-node-metastasis

based staging2. In a model also considering stage at diagnosis, age at diagnosis, and gender,

p63 expression remained a statistically significant predictor of MCC-specific mortality

(hazard ratio 2.05, p = 0.02, Table 2).
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In order to determine the clinical utility of p63 expression for individual stages we

performed subgroup analyses (Figure 2C-2F). This analysis demonstrated that p63

expression did not statistically differentiate outcomes among patients for all stages. 5-year

MCC-specific mortality is described in Figure 2 (Panel C-E; Stage I: 14% mortality for p63

positive tumors versus 8% for p63 negative tumors; Stage II: neither p63-positive patient

survived to five years versus 19% mortality for p63 negative patients; Stage III: 84% 5-

mortality for p63 positive stage III tumors (n=20) as compared to 44% among those with

p63 negative stage III tumors (n=36).

Discussion

The present study of 128 MCC tumors examines the role of p63 as a prognostic biomarker

in Merkel cell carcinoma in a multivariate model. p63 expression in MCC tumor cells was

found to be significantly associated with poorer disease-specific survival (p=0.02) with a

roughly two-fold increase in MCC-specific mortality in this model. However, analysis of

this large cohort raises questions as to whether and how p63 should routinely be used in the

management of this cancer.

Although the results of this study were consistent with prior studies12,13,14 in that we found

p63 to be a prognostic factor for MCC, this effect was much smaller in our cohort (hazard

ratio of 2.0 versus 22.212 and 7.2613 in Asioli et al,, and ∞ in Hall et al14. This correlates to

a 5 year mortality difference of 32% in this cohort (comparing p63 pos vs negative) to 91%

in the initial Asioli et al study12. These studies shared many features, including use of the

same antibody for p63 staining (Clone 4A4, Dakopatts) and the same scoring algorithm12,15.

Our study however included more patients than individual prior studies (128 in the present

study versus 7013, 3614 and 1715), which may explain the difference in observed effect size.

This phenomenon of difference between initial study result and subsequent validation

studies has been previously described in the literature19. Although several prior studies

validate the initial Asioli et al results, Lim et al16 reported no association between p63

expression and clinical outcome in a 105 patient cohort. Potential explanations include their

use of a different antibody clone (Clone 7-Jul, Novocastra vs Dakopatts) and variable time

between tissue cutting and immunohistochemiccal staining (a relevant factor for p63 as

discussed below).

p63 tends to be positive in more advanced disease as shown in Table 1. Specifically, patients

with ‘local’ (Stage I & II; n=63) MCC at presentation were p63-positive in 39% of cases

whereas patients with advanced disease (nodal or distant disease at presentation; n=64) were

p63-positive in 61% of cases (p=0.03). Although statistically significant, the variability in

stage at presentation among p63-positive and -negative tumors does not fully account for the

survival effect because this effect persisted in multivariate analyses that include stage at

presentation (Table 2).

Among the 63 patients presenting with local-only disease (stage I or II), p63 expression was

not found to be associated with survival outcome (Fig 2C-D). This finding differs from the

results of Asioli et al12,13, where p63 expression was associated with a significantly worse

prognosis for localized MCC. Thus p63 appears to have limited clinical utility for local only
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disease. Furthermore, while there was improved survival among p63 negative patients

presenting with advanced disease (stages III or IV, Fig 2E-F) this effect was only noted 1-3

years after diagnosis and it is unclear how p63 status could affect clinical management

decisions.

There are several limitations of the present study. Although the number of tumors studied is

relatively high given the rarity of Merkel cell carcinoma, the results might be affected by

sampling limitations associated with studies on rare diseases. The patients participating in

our study were younger on average than the overall MCC patient population (median age of

66 years vs. 76)20, possibly reflecting a recruitment bias for patients seeking care at tertiary

institutions or information via the internet. Additional limitations to this study relate to

challenges that are intrinsic to this p63 antibody. Although p63 immunohistochemistry is

used routinely in clinical laboratories, p63 staining is challenging and its expression can

vary in tissues as this antibody is known to lose sensitivity if tissue sections were not cut

recently17. To minimize these effects, we stained all sample tissues in four large batches,

with at most 9 days between sectioning and staining.

The association of p63 with poorer survival in MCC is logical given that this transcription

factor is associated with proliferation in the epidermis. Furthermore, Merkel cells were

recently shown to be of the epidermal lineage1. These data support a role (direct or indirect)

in MCC biology for p63. However, study of a possible role for p63 in this cancer will be

challenging because this transcription factor has multiple functionally distinct isoforms, the

regulation of which is complex. The antibody used in this and prior studies detects all p63

isoforms. It is possible that an isoform-specific study might reveal more nuanced results and

provide further insight into the role of p63 in MCC biology.

In conclusion, similar to prior studies, we found that p63 expression in Merkel cell

carcinoma predicts poorer survival, however, its role as a independent prognostic marker is

limited among patients of a given stage. Since stage is almost always known at the time of

diagnosis, based on presently available data, it is unclear how routine p63 assessment would

meaningfully alter management of this cancer.
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Figure 1. Expression of p63 in Merkel cell carcinoma tumors
P63 expression in three Merkel cell carcinoma tumors is shown. In the tumor at left, no p63

expression was detected. In the tumor at center, p63 expression was weak and near the

threshold of determining positive and negative (which was defined as a H-score of 10,

corresponding to 10% of cells staining weakly). In contrast, the tumor at right demonstrates

strong p63 expression. As expected, epidermal cells in the basal epidermis overlying all

three tumors demonstrated consistent strong nuclear stain and served as an internal positive

control. Scale bar = 75 micrometers, photographs taken with 20× objective.
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Figure 2. Expression of p63 is associated with worsened Merkel cell carcinoma specific survival
Panel A. Presence of p63 expression was a statistically significant prognostic factor in both

univariate and multivariate analyses, p<= 0.01 (see Table 2). Panel B. Survival as broken

down by strength of p63 expression. Panel C-F. Data from panel A, broken down by stage

at diagnosis. C. Stage I, local disease, 2cm; D. Stage II, local disease, >2cm; E. Stage III,

regional nodal disease; F. Stage IV, distant metastatic. Staging performed as per 2010

American Joint Committee on Cancer guidelines2.
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Table 1
Patient and tumor characteristics

A total of 128 patients were studied. The gender and age distributions were similar between p63 positive and

negative patients (p>0.05 for both comparisons). Staging was performed as per 2010 American Joint

Commission on Cancer guidelines 2, staging information was not available for one patient. Stage at

presentation differed significantly between p63 positive and negative patients, p = 0.03 by Fisher’s exact test.

P63 positive (n=42) P63 negative (n=86)

Male gender 76% 69%

Age at diagnosis
(median, range)

67 years (40-88 years) 66 years (31-99 years)

Stage at diagnosis*

 Stage I n=42 34% 33%

 Stage II n=21 5% 22%

 Stage III n=56 49% 42%

 Stage IV n=8 12% 3%
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Table 2
p63 is an independent predictor of MCC-specific survival

Univariate and multivariate Cox regression analyses of MCC-specific mortality. HR: hazard ratio. 95% CI:

95% confidence interval.

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Stage II (vs. I) 1.91 (0.6-5.9) 0.27 2.33 (0.7-7.4) 0.16

Stage III (vs. I) 4.94 (2.0-12) <0.001 4.92 (2.0-12) <0.001

Stage IV (vs. I) 15.8 (5.2-48) <0.001 13.7 (4.3-44) <0.001

Female (vs. male) 0.53 (0.3-1.1) 0.07 0.67 (0.3-1.4) 0.27

Age at diagnosis
(per 5 years older)

1.11 (1.0-1.3) 0.10 1.04 (0.9-1.2) 0.61

p63 expressed in
tumor

2.05 (1.1-3.6) 0.02 2.05 (1.1-3.8) 0.02

Am J Clin Pathol. Author manuscript; available in PMC 2014 December 01.


