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Abstract

Background—~Cutaneous squamous cell carcinoma (cSCC) is the most common malignancy
after solid organ transplantation, with an increased risk of recurrence and metastasis over the
general population. The newly updated 7™ edition American Joint Committee on Cancer (AJCC)
staging system for cSCC is based on consensus expert opinion and requires validation in large
cohort studies and in specific patient subpopulations.

Objective—Our objective was to evaluate the risk of cSCC recurrence in a high-risk population
of heart and lung transplant recipients, based on the 7! edition AJCC staging system.

Methods—We performed a 10-year retrospective cohort study of all primary cSCC diagnosed in
heart and lung transplant recipients at a tertiary care academic dermatology center.

Results—The cumulative incidence of local recurrence was 4% for cSCC /n situand 19% for
Stage | ¢SCC at 5 years, and 54% for Stage 1l cSCC at 3 years. Stage Il tumors had a 10-fold
greater risk of recurrence than stage I, and a 43-fold greater risk of recurrence than /n situ tumors.

Limitations—This study is limited to a specific patient subgroup at a tertiary care center, and
may not be generalizable to all populations.

Conclusions—Heart and lung transplant recipients are at high risk for local recurrence of cSCC.
These data substantiate the prognostic accuracy of the newly updated 7t edition AJCC staging
system for stage 0, | and 11 cSCC in this population and demonstrate the aggressive behavior of
this cancer in immunosuppressed patients.
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Introduction and Background

Methods

Cutaneous squamous cell carcinoma (cSCC) is the most common malignancy after solid
organ transplantation, with a five-year incidence of 30% in lung transplant recipients! and
up to 26% in heart transplant recipients2:3. The aggressive nature of cSCC in
immunosuppressed patients is manifested by an increased risk of local recurrence, nodal and
distant metastasis (NM, DM), and disease-specific death (DSD)*-10,

There is currently no single system for defining high-risk cSCC. Case series and
retrospective cohort studies have identified tumor and patient characteristics associated with
a high risk of tumor recurrence and metastasis1 =14, These characteristics include clinical
features such as location on the ear or lip, histologic features such as perineural invasion,
and host factors such as immunosuppression or radiation exposure!®. Once unresectable
disease or distant metastasis occurs, treatment options are limited and prognosis is

poort6-18 However, cSCC without high-risk features have a very low risk of NM, DM, and
DSD12’13’19’20.

In the past, the American Joint Committee on Cancer (AJCC) TNM staging system for non-
melanoma skin cancer (NMSC) was primarily based on tumor diameter, and a single staging
system was used for all types of NMSC. A previous study assessing the 6t edition staging
system identified key flaws in the earlier system?L. Indeed, based on the 6™ edition staging
system, Stage | and 11 cSCC had overlapping Kaplan-Meier curves for recurrence; Stage Il
tumors had a lower incidence of recurrence at 5-years than Stage I.

Recognizing these flaws, in 2010 the AJCC revised the staging system for ¢cSCC. In this 71"
edition of the staging system, high-risk features are now defined as: tumor diameter = 2 cm;
invasion into cranial bone; anatomic location on the ear or lip; tumor thickness > 2mm or
Clark's level > 4; poor differentiation; and perineural invasion?2,

The new staging system has notable advantages over the 6t edition staging system. It is
specific to cSCC and recognizes the high-risk tumor features of location, tumor thickness
and level, differentiation, and perineural invasion. However, population-based studies for
recurrence and metastasis were not available for committee review, so the new system was
developed by consensus opinion of a panel of experts based on the available literature.
Therefore, this new staging system requires validation of prognostic accuracy in various
patient populations.

The goal of this study is to determine the risk of cSCC recurrence based on the 7th edition
AJCC staging system for cSCC in a specific high-risk patient subgroup of heart and lung
transplant recipients. To do so, we performed a 10-year retrospective cohort study of
primary cSCC in this patient population at a single academic center. We report here that
heart and lung transplant recipients are at high risk of tumor recurrence, and that the new
AJCC staging system accurately predicts risk of tumor recurrence for stage 0, I and Il cSCC
tumors in this high-risk population.

Study Design

This is a ten-year retrospective cohort study of all heart and lung transplant recipients with
primary ¢cSCC seen in the Department of Dermatology at the University of California, San
Francisco Medical Center between 2001 and 2010. This is a tertiary care academic setting at
a hospital with an active organ transplantation program. This study was performed with
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approval of the UCSF Committee on Human Research in accordance with the Helsinki
principles.

All heart and lung transplant recipients seen in dermatology between January 1, 2001 and
December 31, 2010 were identified through billing records by International Classification of
Disease, 9" edition (ICD-9) codes V42.1 (heart transplant) or V42.6 (lung transplant).
Complete medical records were reviewed to collect details of transplantation and to identify
any primary cSCC diagnosed during this time period. Data collected for each tumor
included size, location, depth of invasion, perineural involvement, level of differentiation,
desmoplasia, treatment modality, and outcome. To validate the accuracy of the pathology
reports for the high-risk features of interest, a random set of 10% of tumor slides were
selected for review by a dermatopathologist and Mohs micrographic surgeon (T.M. and
S.T.A.). No discrepancies were found.

The primary outcome of interest was the time to development of local recurrence (LR).
Local recurrence was defined as a biopsy-proven cSCC at the site of the primary, if also
noted as recurrent by the treating physician. There were no nodal or distant metastases in
this dataset.

Tumor Staging

Tumors were staged according to the 2010 American Joint Committee on Cancer (AJCC)
7th edition tumor staging system?3 (Table 1). A tumor was defined as T1 if the maximum
pre-biopsy diameter was < 2 cm and had at most one of the following high-risk features:
poorly differentiated histology, location on the mucosal (hon-hair bearing) lip or ear,
presence of perineural invasion, or depth of invasion to Clark's level = IV or > 2 mm. A
tumor was classified as T2 if it was > 2 cm in maximum pre-biopsy diameter or had = 2 of
the 7th edition AJCC high-risk features. A tumor was classified as T3 if it invaded the one
or more of the facial bones (including the maxilla, mandible, orbit, or temporal bones). A
tumor was classified as T4 if it invaded other bone or had perineural invasion of the skull
base. None of the subjects in the cohort had nodal or metastatic staging workups at
presentation. Therefore, tumor stage is equivalent to TNM stage: (Tis = Stage 0, T1 = Stage
I, and T2 = Stage II).

Statistical Analysis

Variables were analyzed with the Student's t-test or two-sided Fisher's exact test, as
appropriate. We assessed pairwise correlations between predictors including male sex, time
since transplantation at primary cSCC diagnosis, tumor stage, and treatment type (local
destruction vs. surgical excision). Correlation coefficients were below 0.3 in all cases with
the exception of treatment type and tumor stage, which had a correlation coefficient of 0.41.
In situtumors were far more likely to be treated with local destruction than Stage 1/11
tumors, which were primarily treated with surgical excision. This moderate correlation was
considered analytically by stratifying time-to-event models by treatment modality.

Time to recurrence was graphically assessed using standard Kaplan-Meier methods.
Subjects were right-censored at the date of last follow-up if the tumor had not recurred.
Parametric estimates of the instantaneous risk of recurrence were estimated using hazard
models. Preliminary univariate hazard model analyses tested each variable against the
outcome of time-to-recurrence. Variables associated with local recurrence on univariate
analysis at a p <0.05 level were sex, duration of immunosuppression, and tumor stage. These
variables were included in the final multivariate model. To evaluate the proportionality of
hazards, we plotted scaled Schoenfeld residuals with respect to time and assessed log-
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negative-log plots. We further tested the proportional hazards assumption with the
Schoenfeld test. We used Cox proportional hazard models to assess the instantaneous risk of
developing a recurrence, clustering for tumors within patient. We next performed binary
tests of interaction between all predictors, which revealed an interaction between sex and
both duration of immunosuppression and tumor stage. To address this interaction, we
stratified the survival model by sex. The final model had stage as the primary predictor, was
adjusted for duration of immunosuppression at the primary diagnosis, and was stratified by
sex and treatment type. Statistical analysis was performed using STATA v11.2 (STATA
Corp, College Station, TX).

41 subjects were identified, including 17 heart (41%), 22 lung (54%), and 2 combined heart-
lung transplant recipients (5%) (Table 2). The mean age at transplant was 53.3 + 10.9 years.
71% of the patients were male. All patients were Caucasian, one self-identified as being
Hispanic. 33 patients (81%) presented with more than one primary cSCC (range 2-20). 10
patients (24.4%) had a recurrence of their primary cSCC. There was no difference in the
frequency of recurrence based on sex, organ transplanted, or age at transplant.

A total of 225 primary cSCCs were diagnosed and followed for a median follow-up time of
15.2 months (range 6 days-9 years) (Table 3). 19 tumors had at least one recurrence (8.4%).
The median time to recurrence was 6.3 months (range 3.1- 48.1), which was significantly
shorter than the median follow-up time for tumors that did not recur before censoring
(median 22.7 months, range 5.0-15.0, p=0.014). No primary tumors in this cohort presented
with, or subsequently developed nodal or distant metastasis without first recurring locally.

Eighteen of the 225 primary cSCC tumors (8%) did not have a pre-biopsy size noted. Of the
remaining 207 primary tumors, the mean size was 10.6 + 7.1 mm. Tumors that recurred had
a larger pre-biopsy diameter than those that did not recur (15.8 vs.10.2 mm, p=0.007).
Primary tumors that were = 20 mm, the size cutoff for upstaging to T2 in the AJCC staging
system, were significantly more likely to recur (p=0.009). No primary tumor invaded
beyond the dermis. No association was found between risk of recurrence and poor degree of
histologic differentiation (p=0.17), presence of perineural invasion (p=0.92), desmoplasia
(p=0.36), or anatomic location on the ear or lip (p=0.23) (Table 3).

Tumors were staged according to the 7th edition AJCC staging system for cSCC. Staging
criteria are detailed in Table 1. Of the 225 primary tumors, 210 were staged as follows: 77
(37%) Stage 0 (cSCC Jn situ), 118 (56%) Stage I, and 15 (7%) Stage Il. Fifteen primary
tumors had no pre-biopsy size noted and fewer than 2 high-risk features; therefore these
could not be staged according to the AJCC guidelines. No primary tumors in this study had
nodal or distant metastasis at the time of diagnosis. Therefore, the primary T stage was
equivalent to the overall TNM stage. Of the 19 tumors that recurred, 2 (11%) were Stage O,
9 (47%) were Stage I, 5 (26%) were Stage I, and 3 (16%) were unstaged. There were no T3
or T4 primary tumors in this cohort.

Fifty seven (26%) of the tumors in the cohort were treated with local tumor destruction: 56
by electrodesiccation and curettage (C&E) and 1 by Erbium:YAG laser ablative therapy.
161 (74%) primary cSCC tumors were treated with surgical excision: 147 by Mohs
micrographic surgery and 14 by wide local excision. 7 primary tumors (3%) had no
information on treatment modality available. As expected, there was a significant correlation
(r = 0.41) between tumor stage and treatment modality, with /n situtumors more likely to be
treated with local destruction and Stage I/11 tumors more likely to be treated with surgical
excision. For this reason, our analysis was stratified by treatment type.
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A Cox regression model was fit for AJCC stage adjusted for duration of immunosuppression
at the primary diagnosis, and was stratified by sex and treatment modality. Overall, higher
stage was associated with an increased relative hazard of local recurrence. Stage Il tumors
had a 10-fold increased risk of recurrence compared to Stage | (HR 9.9, 95%Cl 3.0-32.7, p
<0.0001) and a 43-fold risk of recurrence compared to cSCC /n situ (Stage 0) (HR 43.5,
95% CI 5.6-337.5, p < 0.0001). Stage | tumors had a 4.4-fold increased risk of recurrence
compared to cSCC /n situ, but this did not achieve statistical significance (HR 4.4, 95% CI
0.8-25.2, p=0.1). Recurrence-free survival is shown in Figure 1.

Higher tumor stage was associated with an increased incidence of recurrence (p <0.0001,
Table 4). Stage 11 cSCC had 39% incidence of recurrence at 1 year and 54% incidence of
recurrence at 3 years. No data was available for the 5-year time point. The incidence of
recurrence for Stage 1 cSCC was 6%, 10%, and 19% at 1, 3, and 5 years, respectively. 4% of
cSCC in siturecurred by 1 year, with no further recurrences during the follow up period.

Discussion

This study examined 224 primary cutaneous squamous cell carcinoma (cSCC) from 41 heart
and lung transplant recipients and found a high incidence of local recurrence. The 5-year
cumulative incidence of local recurrence was 4% for cSCC /n situ, 19% for Stage | cSCC,
and 54% for Stage 11 ¢cSCC. The overall 5-year incidence of recurrence in this cohort was
16%, consistent with prior studies estimating the risk of recurrence of ¢cSCC in solid organ
transplant recipients (SOTR) between 7% and 13%24-26,

The median time to recurrence in our population was 6 months, ranging from 3 months to
four years. This is significantly shorter than the 4-year median time to recurrence previously
reported in immunocompetent patients?’, and suggests that SOTR should have close follow-
up in the immediate post-treatment period, potentially at 3 and 6 months post-treatment.

The incidence of recurrence was predicted by stage based on the newly revised 7t edition
AJCC staging system, validating the prognostic accuracy of this system for stage O, | and 1l
cSCC tumors in this high-risk patient population.

We included cSCC in situ (Stage 0) in our study to evaluate the risk of recurrence in this
high-risk population. 2 of 77 (2.6%) Stage 0 tumors recurred within the six months after
treatment, with no additional recurrences beyond that point. As most /n s/t tumors in our
study were treated with locally destructive methods, this rapid time to recurrence may
represent persistence after incomplete destruction instead of recurrence. Nevertheless, these
findings suggest that close follow-up in the first year post treatment and consideration for
definitive surgical treatment in high-risk patients diagnosed with cSCC /n s/itu may be
indicated.

Our study faces certain limitations. It was limited to a retrospective analysis of primary
cSCC in heart and lung transplant recipients at a single, tertiary care academic center and,
thus, may not be generalizable to all organ transplant recipients or transplant recipients in a
community setting.

In the current AJCC T-staging system, in order to remain similar to the head and neck cSCC
staging system, T3 and T4 designations were reserved for primary tumors with bony
invasion. There were no primary T3 or T4 tumors found in our cohort. This is consistent
with previous findings that the incidence of primary cSCC presenting with bony invasion is
rare?2, Given the infrequency of these events, a larger cohort will be required to assess
recurrence in higher stage primary tumors.
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To validate the 7th edition AJCC prognostic staging system, larger collaborative studies are
needed to capture tumors of all stages and to measure the outcomes of of local recurrence,
nodal metastasis, distant metastasis, and disease-specific death. There were no nodal or
distant metastases in our cohort, except in cases with prior local recurrence. However, first
recurrences have previously been shown to put patients at increased risk for subsequent
nodal and or distant metastasis'11221 and as such first recurrence is an outcome clinicians
should aim to prevent.

Recently, the ICD-9 coding designations for non-melanoma skin cancer have changed.
Previously, all non-melanoma skin cancers were grouped together under the ICD-9 code
173.X. Now squamous cell carcinoma has been given the unique designation of 173.X2,
which should make the implementation of large scale study more feasible in the future.

A practical limitation of the new staging system is that it can be difficult to determine depth
of invasion or the presence of perineural invasion on a superficial shave biopsy, which is the
standard diagnostic procedure for NMSC. Staging could be more accurately performed after
excision or Mohs micrographic surgery, during which the above features can be completely
assessed. As cSCC are currently not routinely staged in clinical practice or captured in tumor
registries, population-based studies will be difficult to perform but will significantly add to
our understanding of this cancer.

In 2011, the National Comprehensive Cancer Network (NCCN) released their treatment
guidelines for cSCC, which are based on slightly different high-risk tumor features including
large size, depth of invasion = 4mm or Clark's level IV, poorly defined borders, rapid
growth, poor differentiation, acantholytic, desmoplastic, or adenosquamous histology,
neurologic symptoms, perineural invasion, recurrence after treatment, and those occurring in
the setting of immunosuppression or at a site of prior radiation or chronic inflammation2.
The AJCC prognostic staging system and the NCCN treatment guidelines now have
considerably more overlap, but are still not ideally aligned. The lack of a consensus on
clinically relevant high risk features illustrates the need for additional studies. This would
allow for more accurate predictions of prognosis and stage-specific treatment guidelines.

cSCC is more aggressive in immunocompromised patients, but immunosuppression is
currently not a factor in AJCC staging. This study was not designed to evaluate whether
immunosuppression is an independent risk factor for recurrence. We attempted to construct
and alternate staging model that incorporated immunosuppression into the AJCC system, but
in this limited cohort only 16 tumors were upstaged from T1 to T2. Therefore, we were
unable to evaluate whether this alternate model provided a better fit to the data. A future
case-control study would be better suited for comparison of recurrence rates between
immunosuppressed and immunocompetent patient populations.

In conclusion, the newly revised 7t edition AJCC staging system for cutaneous squamous
cell carcinoma is a useful tool for predicting risk of local recurrence in heart and lung
transplant recipients, a phenomenon that is significantly associated with poor outcomes
including subsequent nodal and distant metastasis and death1:1221, Future studies will be
necessary to validate the new staging system in the general population and for higher stage
tumors.

In current clinical practice, most dermatologists do not stage primary ¢cSCC. Our study
provides support that staging provides important prognostic implications in known high-risk
patient populations. Given the aggressive nature of this cancer in organ transplant recipients,
we advocate for staging of primary cSCC and close follow-up in this high-risk population.
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Figure 1.

Cutaneous squamous cell carcinoma. Recurrence-free survival by stage.
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Table 1
AJCC 7™ edition ¢SCC tumor staging system-.
TX  Primary tumor cannot be assessed
TO  No evidence of primary tumor
Tis  Carcinoma /in situ
TL Tumor<2cmin greatest dimension with < 2 high-risk features?
T2 Tumor>2cmin greatest dimension with or without one additional high-risk feature, orany size with = 2 high-risk features?
T3  Tumor with invasion of maxilla, mandible, orbit, or temporal bone
T4  Tumor with invasion of skeleton (axial or appendicular) or perineural invasion of skull base.

lln the absence of nodal or distant metastasis, T/s =Stage 0, T1 = Stage |, and T2 = Stage II.

High-risk features incude depth >2mm or Clark level > 4, perineural invasion, location on the ear or lip, and poor differentiation.
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Table 2
Patient Demographics

Data presented as n (%) or mean = SD. Local recurrence was defined as a biopsy-proven cSCC at the site of
the primary, confirmed as recurrent in medical records by the treating physician.

Local Recurrence  No Recurrence P-value

N 10 (24.4) 31(75.6)
Sex
Female 5 (41.7) 7 (58.3) 0.124
Male 5(17.2) 24 (82.8)
Race/Ethnicity
White, Non-Hispanic 10 (25.0) 30 (75.0) 0.756
White, Hispanic 1 (100) 0 (0)
Ageat Transplant 49.1+11.1 54.1+10.6 0.181
Organ Transplanted
Heart 4 (23.5) 13 (76.5)
Lung 5(22.7) 17 (77.3) 0.696
Heart/Lung 1(50) 1(50)
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Table 3
Primary Tumor Characteristics

Data presented as n (%) or mean + SD. C&E: curettage and electrodesiccation. MMS: Mohs micrographic
surgery. WLE: wide local excision.

Local Recurrence  No Recurrence P-value

N 19 (8.4) 206 (91.6)
Perineural Invasion
Absent 19 (8.5) 205 (91.5) 0.916
Present 0 1 (100)
Desmoplasia
Absent 18 (8.2) 202 (91.8) 0.359
Present 1(20.0) 4 (80.0)
Differentiation
Moderate-Well 17 (7.9) 199 (92.1) 0.17
Poor 2(22.2) 7(77.8)
Anatomic L ocation
Not on Ear or Lip 16 (7.8) 189 (92.2) 0.231
On Ear or Lip 3(15.0) 17 (85.0)
Mean Diameter (mm) 15.8 +15.3 102+7.1 0.007
< 20mm 11 (5.9) 177 (94.2)
> 20mm 5 (26.3) 14 (73.7)
Not Noted 3(16.7) 15 (83.3) 0.009
Treatment Modality
C&E / Local Destruction 2(3.5) 55 (96.5)
Surgical (MMS, WLE) 15 (8.7) 147 (91.3)
None/Not Noted 3(42.9) 4 (57.1) 0.16
AJCC Stage
0 2(2.6) 75 (97.4)
1 9(7.6) 109 (92.4)
Il 5(3.33) 10 (66.7) 0.002
Could not be staged 3(20.0) 12 (80.0)
Patient Age at Diagnosis (years) 61.8 +10.7 60.7 +10.1 0.641
Duration of Immunosuppression at Diagnosis (years) 109+6.5 8.2+5.6 0.049
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Cumulative Incidence of Recurrence by Stage. N.D.: no data.

Table 4

Stage 0

Stagell

Stagell

1year
3years

Syears

1year
3years

Syears

1year
3years

Syears

Cumulative Incidence

0.04
0.04
0.04

0.06
0.10
0.19

0.39
0.54
N.D.

Std. Error

0.03
0.03
0.03

0.02
0.04
0.09

0.15
0.18
N.D.

95% Conf. Int.

0.01-0.15
0.01-0.15
0.01-0.15

0.02-0.13
0.05-0.20
0.07- 0.45

0.17-0.74
0.26-0.87
N.D.
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