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A Multi-Institutional Comparison of Outcomes of
Immunosuppressed and Immunocompetent Patients Treated
With Surgery and Radiation Therapy for Cutaneous Squamous
Cell Carcinoma of the Head and Neck
Bindu V. Manyam, MD1; Adam A. Garsa, MD2; Re-I Chin, BS3; Chandana A. Reddy, MS1; Brian Gastman, MD4;
Wade Thorstad, MD3; Sue S. Yom, MD, PhD2; Brian Nussenbaum, MD5; Steven J. Wang, MD6; Allison T. Vidimos, MD7; and
Shlomo A. Koyfman, MD1

BACKGROUND: Patients who are chronically immunosuppressed have higher rates of cutaneous squamous cell carcinoma of the
head and neck (cSCC-HN). This is the largest multi-institutional study to date investigating the effect of immune status on disease
outcomes in patients with cSCC-HN who underwent surgery and received postoperative radiation therapy (RT). METHODS: Patients
from 3 institutions who underwent surgery and also received postoperative RT for primary or recurrent, stage I through IV cSCC-HN
between 1995 and 2015 were included in this institutional review board-approved study. Patients categorized as immunosuppressed
had chronic hematologic malignancy, human immunodeficiency/acquired immunodeficiency syndrome, or had received immunosuppressive therapy for organ transplantation 6 months before diagnosis. Overall survival, locoregional recurrence-free survival, and
progression-free survival were calculated using the Kaplan-Meier method. Univariate and multivariate analyses were performed using
Cox proportional-hazards regression. RESULTS: Of 205 patients, 138 (67.3%) were immunocompetent, and 67 (32.7%) were immunosuppressed. Locoregional recurrence-free survival (47.3% vs 86.1%; P < .0001) and progression-free survival (38.7% vs 71.6%; P 5
.002) were significantly lower in immunosuppressed patients at 2 years. The 2-year OS rate in immunosuppressed patients demonstrated a similar trend (60.9% vs 78.1%; P 5 .135) but did not meet significance. On multivariate analysis, immunosuppressed status
(hazard ratio [HR], 3.79; P < .0001), recurrent disease (HR, 2.67; P 5 .001), poor differentiation (HR, 2.08; P 5 .006), and perineural invasion (HR, 2.05; P 5 .009) were significantly associated with locoregional recurrence. CONCLUSIONS: Immunosuppressed patients
with cSCC-HN had dramatically lower outcomes compared with immunocompetent patients, despite receiving bimodality therapy.
Immune status is a strong prognostic factor that should be accounted for in prognostic systems, treatment algorithms, and clinical
C 2017 American Cancer Society.
trial design. Cancer 2017;123:2054-60. V
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INTRODUCTION
Approximately 700,000 individuals are diagnosed with cutaneous squamous cell carcinoma (cSCC) in the United States
annually. The overwhelming majority have excellent outcomes with single-modality surgical clearance. However, there is
a small, known subset of patients who demonstrate more aggressive behavior, including locoregional recurrence and even
skin cancer-related death.1,2 Their numbers are poorly understood because of their rarity and because skin cancer statistics
are not collected by population-based registries in the United States. Consequently, these bad actors are frequently not recognized until they present with multiply recurrent or more advanced disease. Conversely, immunosuppressed patients are
a demographic in which skin cancer incidence and morbidity is known to be more common. It has been demonstrated
that patients with chronic lymphoid malignancies have an 8-fold to 13-fold increase in the incidence of cSCC compared
with the immunocompetent (IC) population, whereas organ transplant recipients (OTRs) receiving chronic immunosuppressive therapies have up to a 65-fold to 100-fold increase in the incidence of cSCC, with up to 50% of Caucasian OTRs
developing a cutaneous neoplasm in their post-transplantation lifetime.3-10 Although the overwhelming majority of these
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cancers are also easily cured with surgery alone, there is a
growing body of data to suggest that high-risk pathologic
features, more aggressive phenotypes, and poorer outcomes are observed at higher rates in the immunosuppressed (IS) population.6,11,12 Whereas locoregional
recurrence (LRR) and distant metastasis are rare in the IC
population, LRR rates ranging between 13% and 48%
and distant metastatic rates ranging between 7% and 19%
have been described in the IS population, especially after
surgery monotherapy.9,13,14
The majority of aggressive cSCCs that recur after
standard surgical management are located in the head and
neck region. Therefore, postoperative radiation therapy
has been long used to treat patients with locally advanced
disease (eg, T3/T4, lymph node-positive, perineural invasion) as a means of maximizing locoregional control and
has demonstrated relatively high control rates in several
retrospective series.15-18 However, whether IS status is associated with inferior outcomes in patients with cSCC of
the head and neck (cSCC-HN) who undergo surgery and
receive postoperative radiotherapy (RT) has not been well
studied and remains unknown. We recently performed a
single-institution study comparing the outcomes of IS
patients (primarily OTRs who were receiving iatrogenic
immunosuppressive therapy) with IC patients and demonstrated inferior 2-year disease-free survival (45% vs
62%) and overall survival (36% vs 67%) in IS patients
compared with IC patients, respectively.19 The current
study is an effort to validate these preliminary findings in
a larger cohort from 3 institutions and to further elucidate
the association between immune status and diseaserelated outcomes.
MATERIALS AND METHODS
Patients with cSCC-HN who underwent surgical resection and also received postoperative RT between 1995
and 2015 from The Cleveland Clinic, Washington University St. Louis, and University of California San Francisco were identified in each institution’s respective
institutional review board-approved registries. Patients
were aged 18 years and had histologically confirmed
cSCC-HN. Patients who had metastatic disease, had SCC
in situ only, had received palliative doses of RT, or had inadequate medical records (lack of a tumor pathology record or a record of follow-up after completion of RT)
were excluded. Patients with primary or recurrent, stage I
through IV disease were included. All patients were
restaged according to the American Joint Committee on
Cancer (AJCC) seventh edition staging manual. All
patients underwent surgical resection by wide local
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excision or Mohs micrographic surgery. The type of surgical resection was at the discretion of the treating surgeon.
Patients were categorized as IS if they were diagnosed
with chronic hematologic malignancy, human immunodeficiency virus/acquired immunodeficiency syndrome,
or had received immunosuppressive therapy for organ
transplantation 6 months before diagnosis. Immunosuppressive agents included prednisone, cyclosporine, azathioprine, sirolimus, tacrolimus, and mycophenolate mofetil.
OTRs included those receiving kidney, heart, lung, liver,
pancreas, or bone marrow transplantation.
Postoperative RT was typically delivered with conventional electron-beam RT and 3-dimensional, conformal RT during the earlier years of the study, whereas
intensity-modulated RT was used in more recent years of
the study. Doses from 54 to 70 Gray (Gy) were typically
used. RT targets typically included the tumor bed with
generous clinical target volume margins. For patients who
had multifocal perineural invasion (PNI), nerve roots
were targeted to their origin at the skull base. For patients
who had lymph node-positive disease, ipsilateral lymphatics also were included. Some patients received 2 or 3
cycles of concurrent cisplatin chemotherapy along with
RT, most often in the setting of positive margins or
extracapsular extension (ECE).
All patients were followed with postoperative treatment imaging using either computed tomography or positron emission tomography 3 months after RT. Patients
were then continually followed in a multidisciplinary
fashion. LRR was defined as recurrence at the primary site
or margin of resection or in regional lymph nodes. Baseline characteristics were compared using the chi-square
test for categorical variables, and the Student unpaired t
test was used to compare continuous variables. Overall
survival (OS), LRR-free survival, disease-free survival, and
progression-free survival (PFS) were calculated using the
Kaplan-Meier method. PFS was defined as freedom from
any local, regional, or distant recurrence or death. Univariate and multivariate analyses were performed using Cox
proportional hazards regression to identify variables associated with LRR. A P value  .5 was considered statistically significant. SAS software was used for statistical
analysis.
RESULTS
In total, 205 patients (138 IC, 67 IS) were included in the
study. The median age of the cohort was 70 years (range,
32-92 years), and the median Karnofsky performance status was 80 (range, 50-100). The median follow-up was
23.1 months (range, 2.8-156 months). Recurrent tumors
2055
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TABLE 1. Patient, Tumor, and Treatment Characteristics
No. of Patients (%)
Variable
Age: Median [range], y
No. of men
Median KPS score
Tumor type
Primary
Recurrent
TNM stage
I
II
III
IV
Pathologic tumor classificationb
pTx
pT1/pT2
pT3/pT4
Pathologic lymph node status
pN0
pN1-pN2a
pN2b-pN3
Mohs surgery
Concurrent chemotherapy

Immunocompetent,
N 5 138

Immunosuppressed,
N 5 67

72 [31-92]
116
90

64 [39-88]
64
80

57 (41)
81 (59)

29 (43)
38 (57)

6
47
28
57

2
34
5
26

P
.003a
—
.076
.788

.045a
(4)
(34)
(20)
(41)

(3)
(51)
(7)
(39)
.018a,c

23 (17)
75 (54)
40 (29)

5 (7)
50 (51)
12 (18)

85
23
30
32
18

45
5
17
15
10

.194d
(62)
(17)
(21)
(23)
(14)

(67)
(8)
(25)
(22)
(15)

.960
.713

Abbreviation: KPS, Karnofsky performance status.
a
This P value indicates a statistically significant difference.
b
For recurrent tumors, T-classification indicates the status of the recurrence immediately before surgery and radiation
c
This P value is for the comparison between T1/T2 versus T3/T4 versus Tx.
d
This P value is for the comparison between N0 versus N1-N2a versus N2b-N3.

TABLE 2. Characteristics of Immunosuppression,
N 5 67
Characteristic
Organ transplantation recipient
Heart
Lung
Kidney
Liver
Othera
Single agent immunosuppression
Multiple agent immunosuppression
Hematologic malignancy
CLL
Non-Hodgkin lymphoma
HIV

No. of Patients
41
1
6
24
4
6
8
32
20
15
5
6

Abbreviations: CLL, chronic lymphocytic leukemia; HIV, human immunodeficiency virus.
a
Other indicates pancreas or bone marrow transplantation.

(58%), lymph node-negative (N0) disease (73%), and
stage IV (nonmetastatic) disease (40%) were the most
common presentations in the cohort. Baseline demographics are provided in Table 1. The median age of
patients in the IS cohort was significantly younger (P 5
.003). Of the 67 patients who were characterized as IS, 41
were OTRs, 20 had a diagnosis of a hematologic malignancy, and 6 had a diagnosis of human immunodeficiency
2056

(Table 2). Of the OTRs, 78% received multiple-agent immunosuppression, and 22% received single-agent
immunosuppression.
Treatment characteristics are outlined in Table 1.
All patients completed RT (median dose, 60.5 grays).
Postoperative RT and chemotherapy were received concurrently by 28 patients (14%), and there was no significant difference between the 2 groups regarding the receipt
of chemotherapy. Of those patients who received chemotherapy, 15 patients (54%) received cetuximab, and 13
(46%) received cisplatin. Histopathologic features after
surgical resection are listed in Table 3. IS patients presented more frequently with poorly differentiated tumors
(37% vs 22%; P 5 .010). Those in the IS group also had
higher rates of nodal ECE (77% vs 64%; P 5 .664) and
PNI (54% vs 46%; P 5 .323), although he difference was
not statistically significant.
Outcomes are outlined in Table 4, with locoregional
failure as the predominant pattern of failure. Seventy-two
patients (35%) experienced disease recurrence, including
24% with local recurrence, 11% with regional recurrence,
and 15% with distant failure. LRR was significantly
higher in the IS population compared with the IC population (54% vs 17%; P < .0001). The distant metastatic
rate also was significantly higher in the IS population
Cancer
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TABLE 3. Histopathologic Findings After Primary Surgery
No. of Patients (%)
Variable

Immunocompetent,
N 5 138

Immunosuppressed,
N 5 67

34 (45)

17 (38)

88
30
20
64
24

30
25
12
36
9

Lymph node ECE, n 5 75a
Tumor differentiation
Well/moderate
Poor
Unknown
PNI
PNI named nerve
Margin status
Negative
Involved

(64)
(22)
(14)
(46)
(17)

85 (62)
49 (36)

(45)
(37)
(18)
(54)
(13)

P
.664
.010b

.323
.470
.812

43 (64)
23 (34)

Abbreviations: ECE, extracapsular extension; PNI, perineural invasion.
a
ECE was evaluated only in patients who had lymph node-positive disease.
b
This P value indicates a statistically significant difference.

TABLE 4. Patterns of Failure for All Patients Stratified by Immune Status
No. of Patients (%)
Pattern of Failure
Local recurrence
Regional recurrence
Locoregional recurrence
Distant failure

Immunocompetent,
n 5 138
20
10
24
14

(15)
(7)
(17)
(10)

Immunosuppressed,
n 5 67
30
13
36
17

(45)
(19)
(54)
(25)

P
< .0001
.007
< .0001
.005

Figure 1. Locoregional recurrence-free survival is illustrated
according to immune status (n 5 205).

Figure 2. Progression-free survival is illustrated according to
immune status (n 5 205).

compared with the IC population (25% vs 10%; P 5
.005). The 2-year LRR-free survival rate (47% vs 86%;
P < .0001) and the 2-year PFS rate (38.7% vs 71.6%;
P 5 .002) were lower for IS patients (Figs. 1 and 2). The
2-year OS rate (61% vs 78%) demonstrated a similar
trend, although OS was not significantly different (P 5
.135) between the 2 groups (Fig. 3).

Univariate analysis demonstrated that IS status (hazard ratio [HR], 3.80; P < .0001), recurrent tumor (HR,
1.90; P 5 .025), poorly differentiated tumor (HR, 2.30;
P 5 .002), and PNI (HR, 1.78; P 5 .030) were the only
variables significantly associated with higher rates of LRR.
Multivariate analysis demonstrated that IS status (HR,
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3.79; P < .0001), recurrent tumor (HR, 2.67; P 5 .001),
poorly differentiated tumor (HR, 2.08; P 5 .006), and
PNI (HR, 2.05; P 5 .009) were significantly associated
with increased LRR (Table 5). Tumor (T)-classification,
group stage, etiology of immunosuppression, degree of
immunosuppression, margin status, and nodal ECE were
not significantly associated with increased LRR. In a subsequent analysis of the 86 patients who had de novo disease, excluding those with recurrent cancer, only immune
status was significantly associated with LRR (HR, 5.0; P
5 .0025).
DISCUSSION
It is well known that chronically IS patients have a higher
rate of developing cutaneous malignancies, which are often associated with more aggressive histologic features.

Figure 3. Overall survival is illustrated according to immune
status (n 5 205). MST indicates median survival time.

We previously published the first-single institution comparison of patients treated with surgery and postoperative
RT for high-risk cSCC-HN, which demonstrated significantly higher rates of LRR (48% vs 24%; P 5 .01) and inferior disease-free survival at 2 years (45% vs 62%; P 5
.04) in IS patients compared with IC patients. The current study confirms those preliminary findings in a large,
multi-institutional cohort and is the largest comparative
study to date to demonstrate inferior outcomes for IS
patients with cSCC-HN, despite similar, aggressive, multimodality therapy. There are several important implications to this observation.
First, the patterns of failure in the IS population
have significant implications for treatment intensification
and future clinical trial design. The observation that more
than one-half of patients recurred locoregionally despite
receiving RT underscores the importance of trying to
identify these patients at earlier stages of disease, when adjuvant therapy may be more effective, as well as the need
for intensification strategies when disease presents at a
more advanced stage. The companion finding that IS
patients have a 25% distant metastatic failure rate is also
quite surprising and points toward the addition of systemic therapy as the ideal method of intensification that
requires study. The Trans-Tasman Radiation Oncology
Group recently completed the 0501 POST randomized
trial (clinicaltrials.gov identifier NCT00193895) investigating the addition of weekly carboplatin to postoperative
RT compared with RT alone in patients with cSCC in an
effort to intensify treatment for high-risk patients, the
results of which should be available in early 2017.20 Notably, immunosuppressed patients were excluded from that
trial. Epidermal growth factor receptor inhibitors have

TABLE 5. Univariate and Multivariate Analyses for Locoregional Recurrence
Univariate Analysis
Prognostic Factor
Immunosuppression status: IS vs IC
Recurrent vs primary tumor
Cell differentiation: Poor vs well/moderate
PNI: Yes vs no
TNM stage: IV vs I-III
Type of immunosuppression: Heme Malig/HIV vs OTR
Tumor classification: T3/T4 vs T1/T2
Immunosuppressive agents: Single agent vs multiagent
Margin status: Close/positive vs negative
Neck lymph node ECE: Yes vs no, n 5 75a

HR (95% CI)
3.802
1.898
2.304
1.178
1.123
1.422
1.577
2.331
1.276
2.268

(2.27-6.37)
(1.08-3.33)
(1.37-3.86)
(1.06-2.99)
(0.67-1.88)
(0.73-2.79)
(0.95-2.72)
(0.87-6.25)
(0.76-2.13)
(0.65-7.94)

Multivariate Analysis
P

< .0001a
.025a
.002a
.030a
.658
.306
.101
.092
.354
.200

HR (95% CI)
3.788
2.667
2.079
2.049

(2.24-6.41)
(1.49-4.79)
(1.23-3.52)
(1.20-3.50)

P
< .0001a
.001a
.006a
.009a

Abbreviations: CI, confidence interval; ECE, extracapsular extension HIV, human immunodeficiency virus; HR, hazard ratio; IC, immunocompetent; IS, immunosuppressed; Heme Malig, hematologic malignancy; OTR, organ transplantation recipient; PNI, perineural invasion.
a
This P value indicates a statistically significant difference.
b
ECE was evaluated only in patients who had lymph node-positive disease.
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demonstrated activity in cSCC in both definitive and recurrent/metastatic settings and is an attractive potential
target for high-risk patients.21,22 The NRG Oncology
group is currently designing a randomized study comparing RT alone versus RT plus epidermal growth factor receptor inhibition in patients with high-risk cutaneous
skin cancer and is planning to stratify patients based on
their immune status. Finally, a new class of immunotherapy drugs, including antagonists of the programmed death
receptor 1 (PD-1), programmed death receptor ligand 1
(PDL-1), and cutaneous T-cell lymphoma antigen 4
(CTLA-4) targets, have all proven highly effective in melanoma; and the former has recently demonstrated a survival advantage and obtained US Food and Drug
Administration approval in second-line treatment for recurrent/metastatic, mucosal, squamous carcinoma of the
head and neck.23-25 Early case reports have also demonstrated significant activity in metastatic cSCC.26,27 All of
these agents are attractive candidates for study in this
space. Data regarding the efficacy of immunotherapy in
the IS population are limited. A recent study indicated
that PD-1 inhibitors produced an impressive response in
a renal transplantation recipient who had metastatic
cSCC; however, an acute rejection of her graft was also
precipitated. Conversely, several case series have demonstrated that CTLA-4 inhibitors are safe in IS transplantation recipients who have cutaneous malignancies and may
be a safer strategy for checkpoint inhibition in these
patients. Additional studies are needed to clarify the safety
and efficacy of immune-oncologic approaches in this patient population.
This study may also help refine prognostication systems in this disease. Our findings are consistent with other
studies reporting that immunosuppression is independently associated with inferior outcomes.28,29 Both the
AJCC seventh edition staging system and the more powerfully prognostic Brigham and Women’s Hospital staging systems fail to include IS status as a risk factor.30
Although poorly differentiated histology and recurrent
disease are factors that upstage patients with smaller
tumors to T2 status in the AJCC system, immune status is
not currently included. Also, although T-classification is
the primary driver in the current AJCC system, it was not
significantly associated with outcome in this study. Perhaps including IS status as an important host-related,
high-risk factor in these systems may enhance their prognostic capability.
Finally, the inferior outcomes in IS patients highlight the need for increased multidisciplinary management of these patients and enhanced preventive measures
Cancer
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to reduce their risk of developing these high-risk cancers.
Dermatologists, Mohs surgeons, head and neck surgeons,
radiation and medical oncologists, transplantation physicians, and pathologists all have a significant role to play in
helping to optimize outcomes in this high-risk subpopulation of patients with cSCC-HN.31 Proactive steps can also
be taken to prevent these cancers, including more frequent
visits with dermatologists who have expertise in this area,
aggressive treatment of actinic keratosis and other premalignant lesions, oral retinoic acid therapy, and optimizing
transplantation regimens to include the lowest doses and
the least mitogenic immunosuppressive agents.32 Educational efforts aimed at increasing the awareness of community dermatologists and oncologists about this
population of high-risk patients would be of great service
as well.
Limitations to our study are characteristic of a retrospective analysis. Our cohort consists of high-risk patients
with cSCC-HN who were treated with multimodality
therapy, which includes referral bias for those recommended for adjuvant RT. This may limit the generalizability of our findings, especially to patients who undergo
surgery alone. Although institutional variation is inherent
in this data set, indications and techniques of adjuvant RT
were fairly consistent at all participating centers. This data
set was also limited to patients with cSCC-HN and may
not apply to those with SCC deriving from nonhead and
neck primary sites. These limitations notwithstanding,
this is a large, multi-institutional data set to confirm
higher than expected rates of both locoregional failure and
distant metastases in IS patients who received bimodality
therapy and has important implications for patient counseling, clinical decision making, and clinical trial design.
Conclusion

IS status is strongly associated with inferior locoregional
control and progression-free survival in patients with
high-risk cSCC-HN who undergo surgery and receive
postoperative RT. This finding underscores the need for
improved prognostic systems, increased multidisciplinary
management, and clinical trials investigating methods of
intensified therapies for these patients.
FUNDING SUPPORT
No specific funding was disclosed.

CONFLICT OF INTEREST DISCLOSURES
Sue S. Yom reports clinical trial support from Genentech, Inc.,
outside the submitted work. The remaining authors made no
disclosures.
2059

Original Article

AUTHOR CONTRIBUTIONS
Bindu V. Manyam; Conceptualization, methodology, investigation, data curation, writing–original draft, writing–review and editing, and visualization. Adam A. Garsa: Investigation, data curation,
and writing–review and editing. Re-I Chin: Investigation, data curation, writing–original draft, and writing–review and editing. Chandana A. Reddy: Formal analysis, resources, writing–review and
editing, and visualization. Brian Gastman: Writing–review and
editing. Wade Thorstad: Conceptualization, writing–review and
editing, and supervision. Sue S. Yom: Conceptualization, writing–
original draft, writing–review and editing, and supervision. Brian
Nussenbaum: Writing–review and editing. Steven J. Wang: Writing–review and editing. Allison T. Vidimos: Writing–review and
editing. Shlomo A. Koyfman: Conceptualization, methodology,
validation, resources, writing–original draft, writing–review and
editing, visualization, supervision, and project administration.

REFERENCES
1. Koyfman SA, Cooper JS, Beitler JJ, et al. ACR Appropriateness
R aggressive nonmelanomatous skin cancer of the head and
CriteriaV
neck. Head Neck. 2016;38:175-182.
2. Brantsch KD, Meisner C, Schonfisch B, et al. Analysis of risk factors
determining prognosis of cutaneous squamous-cell carcinoma: a prospective study. Lancet Oncol. 2008;9:713-720.
3. Adamson R, Obispo E, Dychter S, et al. High incidence and clinical
course of aggressive skin cancer in heart transplant patients: a singlecenter study. Transplant Proc. 1998;30:1124-1126.
4. Euvrard S, Kanitakis J, Claudy A. Skin cancers after organ transplantation. N Engl J Med. 2003;348:1681-1691.
5. Garrett GL, Lowenstein SE, Singer JP, He SY, Arron ST. Trends of
skin cancer mortality after transplantation in the United States: 1987
to 2013. J Am Acad Dermatol. 2016;75:106-112.
6. Kaplan AL, Cook JL. Cutaneous squamous cell carcinoma in
patients with chronic lymphocytic leukemia. Skinmed. 2005;4:300304.
7. Moloney FJ, Comber H, O’Lorcain P, O’Kelly P, Conlon PJ,
Murphy GM. A population-based study of skin cancer incidence
and prevalence in renal transplant recipients. Br J Dermatol. 2006;
154:498-504.
8. Omland SH, Gniadecki R, Haedersdal M, Helweg-Larsen J,
Omland LH. Skin cancer risk in hematopoietic stem-cell transplant
recipients compared with background population and renal transplant recipients: a population-based cohort study. JAMA Dermatol.
2016;152:177-183.
9. Zavos G, Karidis NP, Tsourouflis G, et al. Nonmelanoma skin cancer after renal transplantation: a single-center experience in 1736
transplantations. Int J Dermatol. 2011;50:1496-1500.
10. Zwald FO, Brown M. Skin cancer in solid organ transplant recipients: advances in therapy and management: part I. Epidemiology of
skin cancer in solid organ transplant recipients. J Am Acad Dermatol.
2011;65:253-261; quiz 262.
11. Lott DG, Manz R, Koch C, Lorenz RR. Aggressive behavior of nonmelanotic skin cancers in solid organ transplant recipients. Transplantation. 2010;90:683-687.
12. Smith KJ, Hamza S, Skelton H. Histologic features in primary cutaneous squamous cell carcinomas in immunocompromised patients
focusing on organ transplant patients. Dermatol Surg. 2004;30(4 pt
2):634-641.
13. Schmults CD, Karia PS, Carter JB, Han J, Qureshi AA. Factors predictive of recurrence and death from cutaneous squamous cell carcinoma: a 10-year, single-institution cohort study. JAMA Dermatol.
2013;149:541-547.
14. Velez NF, Karia PS, Vartanov AR, Davids MS, Brown JR, Schmults
CD. Association of advanced leukemic stage and skin cancer tumor
stage with poor skin cancer outcomes in patients with chronic lymphocytic leukemia. JAMA Dermatol. 2014;150:280-287.

2060

15. Wang JT, Palme CE, Morgan GJ, Gebski V, Wang AY, Veness MJ.
Predictors of outcome in patients with metastatic cutaneous head
and neck squamous cell carcinoma involving cervical lymph nodes:
improved survival with the addition of adjuvant radiotherapy. Head
Neck. 2012;34:1524-1528.
16. Lin C, Tripcony L, Keller J, et al. Perineural infiltration of cutaneous squamous cell carcinoma and basal cell carcinoma without clinical features. Int J Radiat Oncol Biol Phys. 2012;82:334-340.
17. Mendenhall WM, Amdur RJ, Hinerman RW, Cogenetta AB,
Mendenhall NP. Radiotherapy for cutaneous squamous and basal
cell carcinomas of the head and neck. Laryngoscope. 2009;119:19941999.
18. National Comprehensive Cancer Network (NCCN). NCCN Clinical Practice Guidelines in Oncology. Squamous Cell Skin Cancer.
Version 1.2016. Available at: https://www.nccn.org/professionals/
physician_gls/pdf/squamous.pdf. Accessed September 14, 2016.
19. Manyam BV, Gastman B, Zhang AY, et al. Inferior outcomes in
immunosuppressed patients with high-risk cutaneous squamous cell
carcinoma of the head and neck treated with surgery and radiation
therapy. J Am Acad Dermatol. 2015;73:221-227.
20. Trans-Tasman Radiation Oncology Group (TROG). Post-operative
Concurrent Chemo-radiotherapy Versus Post-operative Radiotherapy
for Cancer of the Head and Neck (NCT00193895). Available at:
https://clinicaltrials.gov/ct2/show/NCT00193895. Accessed September 14, 2016.
21. Lewis CM, Glisson BS, Feng L, et al. A phase II study of gefitinib
for aggressive cutaneous squamous cell carcinoma of the head and
neck. Clin Cancer Res. 2012;18:1435-1446.
22. Maubec E, Petrow P, Scheer-Senyarich I, et al. Phase II study of
cetuximab as first-line single-drug therapy in patients with unresectable squamous cell carcinoma of the skin. J Clin Oncol. 2011;29:
3419-3426.
23. Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival with
ipilimumab in patients with metastatic melanoma. N Engl J Med.
2010;363:711-723.
24. Ribas A, Puzanov I, Dummer R, et al. Pembrolizumab versus
investigator-choice chemotherapy for ipilimumab-refractory melanoma (KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet Oncol. 2015;16:908-918.
25. Seiwert TY, Burtness B, Mehra R, et al. Safety and clinical activity
of pembrolizumab for treatment of recurrent or metastatic squamous
cell carcinoma of the head and neck (KEYNOTE-012): an openlabel, multicentre, phase 1b trial. Lancet Oncol. 2016;17:956-965.
26. Lipson EJ, Bagnasco SM, Moore J Jr, et al. Tumor regression and
allograft rejection after administration of anti-PD-1. N Engl J Med.
2016;374:896-898.
27. Chang AL, Kim J, Luciano R, Sullivan-Chang L, Colevas DD. A
case report of unresectable cutaneous squamous cell carcinoma responsive to pembrolizumab, a programmed cell death protein 1 inhibitor. JAMA Dermatol. 2016;152:106-108.
28. Oddone N, Morgan GJ, Palme CE, et al. Metastatic cutaneous squamous cell carcinoma of the head and neck: the Immunosuppression,
Treatment, Extranodal spread, and Margin status (ITEM) prognostic
score to predict outcome and the need to improve survival. Cancer.
2009;115:1883-1891.
29. Thompson AK, Kelley BF, Prokop LJ, Murad MH, Baum CL. Risk
factors for cutaneous squamous cell carcinoma recurrence, metastasis,
and disease-specific death: a systematic review and meta-analysis.
JAMA Dermatol. 2016;152:419-428.
30. Karia PS, Jambusaria-Pahlajani A, Harrington DP, Murphy GF,
Qureshi AA, Schmults CD. Evaluation of American Joint Committee on Cancer, International Union Against Cancer, and Brigham
and Women’s Hospital tumor staging for cutaneous squamous cell
carcinoma. J Clin Oncol. 2014;32:327-334.
31. Greenberg JN, Zwald FO. Management of skin cancer in solidorgan transplant recipients: a multidisciplinary approach. Dermatol
Clin. 2011;29:231-241.
32. Zwald FO, Brown M. Skin cancer in solid organ transplant recipients: advances in therapy and management: part II. Management of
skin cancer in solid organ transplant recipients. J Am Acad Dermatol.
2011;65:263-279; quiz 280.

Cancer

June 1, 2017

