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Abstract
Background: Survival time after heart transplantation continues to rise due to the use of immunosuppression therapy
and other advances in care. However, this increase in patient survival and exposure to potent immunosuppression drugs
comes at the expense of long-term complications such as infection and malignancy. In addition to immunosuppression
exposure, viral infection has been indicated to play a role in carcinogenesis. While the presence of CMV genome
RU DQWLJHQV KDV EHHQ IRXQG LQ PDOLJQDQW WXPRUV FRQÀLFWLQJ HYLGHQFH H[LVWV UHJDUGLQJ WKH LQGHSHQGHQW QDWXUH RI
this association. Limited data are available regarding the association of Cytomegalovirus (CMV) in skin cancer
GHYHORSPHQWSRVWWUDQVSODQW6WXG\WRGHWHFW&09JHQRPHVSHFL¿FDOO\LQ1RQ0HODQRPD6NLQ&DQFHUV 106&¶V \HW
to be complete in the heart transplant population.
Methods: This is a single center, retrospective, observational study of adult heart transplant recipients managed
by the University of Rochester Advanced Heart Failure program. 10 BCC and 10 SCC lesions of heart transplant
UHFLSLHQWVKRXVHGDWWKH850&ZHUHWHVWHGIRU&093&5'1$
Results: CMV was not detected from any of the specimens.
Conclusion: :HGLGQRWLGHQWLI\DFRQQHFWLRQEHWZHHQ&09'1$DQGQRQPHODQRPDVNLQFDQFHUV
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BCC: Basal Cell Carcinoma; CMV: Cytomegalovirus; DNA:
Deoxyribonucleic Acid; EBV: Epstein Barr Virus; FFPE: FormalinFixed, Paraffin-Embedded; HSV: Human Herpes-virus; NMSC: Non
Melanoma Skin Cancers; SCC: Squamous Cell Carcinoma; UNOS:
United Network for Organ Sharing; URMC: University of Rochester
Medical Center; OTTR: Transplant Care Platform

Introduction
The gold standard for treatment of end stage heart failure is heart
transplantation. Survival time after heart transplantation continues to
rise due to the use of immunosuppression therapy and other advances
in care [1]. However, this increase in patient survival and exposure to
potent immunosuppression drugs comes at the expense of long-term
complications such as infection, rejection, graft vasculopathy, and
malignancy [2,3].
The occurrence of malignancy secondary to immunosuppression
therapy among heart transplant recipients is well documented, and is a
leading cause of death in patients with a functioning allograft [4-6]. The
International Society of Heart and Lung Transplant (ISHLT) has shown
the cumulative prevalence of malignancy in heart transplant recipients
at 1 and 10 years to be 2.9% and 31.9% respectively, with skin cancer
being the most prevalent [7]. Nationally, the incidence of Squamous
Cell Carcinoma (SCC) and Basal Cell Carcinoma (BCC) has increased
77% over the past 20 years in the transplant population [8].
In addition to immunosuppression exposure, viral infection has
been indicated to play a role in carcinogenesis [9]. The human papilloma
virus (HPV), hepatitis B (Hep B) and C (Hep C), and Epstein-Barr virus
(EBV) have been associated with the development of cancer in both
immunocompetent and immunocompromised patient populations
[10].
Limited data are available regarding the association of CMV in
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NMSC skin cancer development post- transplant. While the presence
of CMV genome or antigens has been found in malignant tumors,
conflicting evidence exists regarding the independent nature of this
association [10-12]. Studies to detect CMV genome specifically NMSC’s
have yet to be completed in the immunosuppressed post-transplant
population.
The aim of this pilot study is to detect the presence of CMV in
NMSC lesions identified in the heart transplant population.

Materials and Methods
Approval for this study was obtained from the University
of Rochester Institutional review board. This is a single center,
retrospective, observational study of adult heart transplant recipients
managed by the University of Rochester Advanced Heart Failure
program. The source of information will include electronic records
from e-Record and OTTR, internal program data, the United Network
for Organ Sharing (UNOS) and URMC specimen management. Heart
transplant recipients aged 18 years or older whose post transplant care
is managed by the University of Rochester, have a biopsy confirmed
diagnosis of NMSC in which the biopsy was performed at URMC were
included in our study. The study included subjects from all racial and
ethnic groups. This study did not aim to recruit vulnerable subjects. We
did not have any restrictions on gender.
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Heart transplant recipients without a biopsy confirmed NMSC, and
those with biopsies performed at outside institutions were excluded
from our study. We requested a waiver of consent and of HIPAA
authorization as this was a retrospective study of data that had already
been collected. All care provided to the subject would have already
occurred in the past and would have been directed by their providers.
We did not intervene to change the subject's care. No subjects were
contacted.
Patients transplanted or managed by the program from 2001 to Aug
30, 2018 were identified using eRecord, OTTR and internal program
databases. Patients with biopsy confirmed NMSC were identified
using the documentation in e-Record, OTTR, and UNOS data for our
program.
All biopsy samples had been collected from heart transplant
recipients with expressed consent as part of standard post transplant care.
Stored biopsy specimens were obtained from specimen management. A
member of the clerical staff in surgical pathology identify the surgical
pathology numbers, pulled the paraffin tissue blocks and brought them
to histology. The histology laboratory cut additional slides as needed
for CMV testing and labeled the slides with numbers specific to the
study with no relationship to patient information. These numbered
slides were assayed for CMV and presented to the investigators with
patient identifiers. Formalin-fixed, paraffin-embedded (FFPE) scrolls
(3 X 10 μm thick) were received from surgical pathology. The Maxwell
RSC DNA FFPF Kit (Promega AS1450) was used to extract DNA from
FFPF scrolls according to manufacturer’s protocol. DNA quality and
quantity were measured by Nanodrop spectrophotometer. CMV was
amplified according to standard laboratory procedure using the Focus
(Diasorin) RT-PCR platform.

Results and Discussion
The target of this assay is the CMV UL83 gene detected with a
FAM labeled forward primer. This assay was validated clinically for
respiratory and urine specimens. To confirm that it would also work on
fixed tissue the following specimens with gastrointestinal CMV disease
were extracted and amplified (using 5 ul of extract). CMV was detected
in all of them. Note that an internal control is added to all specimens.
Patient information was secured utilizing a numbered identification
system held secure in a locked drawer in the PI’s office.
CMV was not detected from any of the specimens. Of our 10 SCC
samples, four had a previous diagnosis of CMV viremia. Of the 10 BCC,
six had a previous diagnosis of CMV. None of the subjects had active
CMV viremia at the time the NMSC was diagnosed and removed.
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Conclusion
While exposure to UV sunlight has been shown to contribute
significantly to NMSC other studies have identified a contribution made
by viruses. We also understand many other genetic and environmental
factors may play a role as well. Although our study did not identify a
connection between CMV DNA and NMSC, we realize this is a small
sample size in a single institution. We would like to further research
HSV, HPV and EBV potential contribution to NMSC. As noted above
other studies have suggested a correlation with viruses and NMSC. We
feel with this highly susceptible group of patients, more research needs
be completed.
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