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Abstract 

Numerous complications can be observed in the post-transplant period among recipients of hematopoietic stem cells including 
graft-versus-host disease (GVHD), which is associated with significant morbidity and mortality. On the other hand, graft versus 
tumor (GVT) effect is a well-described phenomenon in patients with hematologic malignancies and has also been reported in renal 
cell cancer, ovarian cancer, breast carcinoma, and melanoma. We describe spontaneous regression of a cutaneous invasive 
squamous cell carcinoma and multifocal atypical intraepidermal proliferations in a patient with chronic graft-versus-host disease 
following initiation of extracorporeal photopheresis (ECP). This observation raises questions regarding the GVT in cutaneous 
neoplasms and potential immunomodulatory effects of ECP.    

Case synopsis 
Our patient is a 62-year-old man with a history of Philadelphia chromosome- negative pre-B cell acute lymphocytic leukemia 
(ALL) status post induction, consolidation and maintenance therapy. During the sixth cycle of maintenance therapy, he was found 
to have a relapse of Philadelphia chromosome-positive ALL approximately 2 years following his initial diagnosis.  This was 
treated with 3 months of entinostat and imatinib followed by 1 month of dasatinib, during which he was found to have two 
squamous cell carcinomas (SCC) on the left forearm and left thigh that were subsequently excised.  Owing to disease progression, 
he underwent a matched unrelated donor stem cell transplant with post-transplant cyclophosphamide for graft versus host disease 
(GVHD) prophylaxis.  However, his clinical course was complicated by the development of a skin-limited Grade II (of IV) acute 
GVHD, which was initially treated with systemic corticosteroids, tacrolimus, and 15 sessions of psoralen Ultraviolet A (PUVA) 
therapy.  Over a course of 1 to 2 months, he developed a 1-cm verrucous papule on the left anterior lower leg and several 6-10mm 
keratotic papules with overlying scale on the face.  Biopsy of the lesion on the lower leg revealed an invasive squamous cell 
carcinoma (SCC) (Figure 1), which grew in size over the next month (Figure 2).  Subsequent biopsies of the two lesions on the 
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right cheek and chin demonstrated well-differentiated squamous cell proliferations concerning for evolving keratoacanthomas 
superimposed on a background of GVHD (Figure 3). Although his 60-day bone marrow biopsy demonstrated no evidence of 
leukemia and full donor chimerism, he progressed to develop chronic GHVD with sclerodermoid changes.  For this reason, 
therapy with extracorporeal photopheresis (ECP) was initiated 4 months following the transplant and 1 month after histological 
diagnosis of the lower extremity SCC.  Owing to concerns with adequate wound healing, definitive treatment for his cutaneous 
tumors has been postponed. During this time however, spontaneous significant clinical regression was noted following initiation 
of ECP.  Subsequent excision of the residual clinical lesion on the left leg approximately 3 1/2 months after ECP initiation and 4 
1/2 months following initial diagnosis demonstrated only focal actinic keratoses and dermal hemosiderin without any evidence of 
malignancy (Figure 4). Similarly, the two facial lesions clinically completely regressed and no further medical or surgical 
treatments were administered.  His medications during this time period included tacrolimus, trimethoprim and sulfamethoxazole, 
valaciclovir, potassium, magnesium, omeprazole, insulin glargine, and hydrochlorothiazide.   

 
Figure 1.  Well-differentiated invasive squamous cell carcinoma  H&E, Original magnification, 40x 

 

Figure 2.  Biopsy-proven squamous cell carcinoma presenting as a thick, hyperkeratotic plaque on the anterior aspect of the left anterior lower 
leg  



 
 

 

Figure 3.  Nests of atypical squamous epithelium with features of graft vs. host disease:  Orange arrow points to dyskeratotic keratinocytes at 
the dermal-epidermal junction, which were identified throughout the proliferation.  H&E, Original magnification, 400x.  

 

Figure 4.  Prominent dermal hemosiderin deposition and early dermal fibrosis with no evidence of residual squamous cell carcinoma H&E, 
Original magnification, 200x 

Discussion 
To our knowledge, we describe the first case of spontaneous regression of a cutaneous invasive SCC and multifocal atypical 
intraepidermal proliferations in a patient undergoing ECP for chronic cutaneous GVHD following a matched unrelated donor stem 
cell transplant.  This observation raises several interesting questions that may have clinical relevance.  One potential explanation 
for tumor regression in this patient is the recovery of the immune system following the transplant and a graft versus tumor (GVT) 
effect.  GVT effect is a well-described phenomenon in patients with hematologic malignancies and serves as a major contributing 
factor in eliminating cancerous cells [1].  It has also been reported in various advanced solid malignancies including renal cell 
cancer, ovarian cancer, breast cancer, liver carcinoma, and melanoma [1,2]. It has been postulated that GVT effect is potentiated 
by the presence of full donor chimerism [1], which was seen in our patient.  GVT effect in various solid malignancies is usually 
delayed and observed several months following the transplantation and discontinuation of immunosuppressive therapy [1,2]. The 
observed timeline in our patient was in accordance with these previous reports.  On the other hand, it has also been established 



 
 

that skin GVHD and its treatments play a critical role in both cutaneous and mucosal SCC development.  Based on the results of a 
case control study, duration of chronic GVHD therapy, the use of azathioprine and severe chronic GVHD are major risk factors 
for the development of SCC, which usually develops 7 years (range: 0.9-22.9 years) following the transplant [3]. Chronic 
immunosuppression, ongoing inflammation, and an autoimmune aspect of chronic GVHD have been proposed as potential 
mechanisms, which promote skin cancer development in the post-transplant period [3].  In fact, one study demonstrated that 
inflammation and repeated division of keratinocytes in skin with ongoing or previous cutaneous GVHD results in karyotypic 
abnormalities such as tetraploidy, which is associated with poor prognosis of SCC  [4].  In this investigation, the timing of the skin 
biopsy ranged from 7 months to 7 years following transplantation.  If GVT effect is indeed responsible for the regression of 
epidermal tumors in our patient, there are important differences in the impact of a reconstituted immune system and associated 
GVHD on SCC behavior at different time points following the transplant.  

Additionally, the continued growth of the SCC prior to initiation of ECP therapy with gradual regression after the start of 
photopheresis suggests that ECP may be inhibiting tumorigenesis.  In contrast to our findings, our review of the literature revealed 
4 cases of either multiple, aggressive and/or metastatic SCCs in patients with cutaneous T-cell lymphoma (CTCL) that were 
attributed to treatment with ECP [5-7]. However, tumor development was observed approximately 1-2 years [6,7], 2-5 years [7], 
and 11 years [5] following ECP initiation.  Furthermore, 2 patients received two [7] and eleven [5] years of PUVA therapy, one 
patient had limited PUVA exposure (11.1 J/cm2), and the last patient was treated with topical mechlorethamine [7]; both PUVA 
and mechlorethamine are associated with increased risk of skin cancer.  Three patients had significant pre-existing photodamage 
with multiple actinic keratoses and/or basal cell carcinoma (BCC) [5,7].  The presence of these additional established risk factors 
make the interpretation of the proposed association of ECP with aggressive SCCs difficult.   

The exact mechanisms by which ECP can induce an immune response against CTCL cells and paradoxically immunosuppress 
alloreactive cells in GVHD are unknown.  However, several hypotheses have been proposed including induction of T-cell 
apoptosis, formation of immature dendritic cells, generation of T-regulatory (Treg) cells, and immunomodulation [8,9]. 
Considering currently available data, the role of Treg cells and their relationship to skin cancer deserves a closer examination.  
Treg cells are a subpopulation of T lymphocytes characterized by CD4+ and CD25+ cell markers and the transcription factor 
Foxp3, which exert a negative effect on the immune system and play an important role in promoting cutaneous carcinogenesis 
[10].  Their immunosuppressive effects are mediated via secretion of IL-10 and TGF-β with subsequent induction of T-cell anergy 
and inactivation of dendritic cells [10].  Levels of circulating Treg cells have been shown to be significantly elevated in patients 
with stage IV melanoma [11].  Aggregates of Treg cells have also been shown to surround human cutaneous BCCs [12] and 
infiltrate SCCs [13], contributing to evasion from immune response.  Increased circulating levels of Treg cells were also identified 
in renal transplant recipients and were associated with increased risk of subsequent SCC development [14].  Imiquimod, used to 
treat cutaneous SCCs and BCCs, has been shown to decrease the number of Treg cells and production of Foxp3, IL-10 and TGF-β 
[14].  Interestingly, ECP in patients with GVHD significantly increases Treg levels, which interfere with alloreactive cells and 
correlate with clinical improvement [15]. Therefore, considering their critical role in skin cancer development, ECP-induced 
increase of Treg cells could theoretically potentiate development of SCC and would not explain the observed regression in our 
patient.  On the contrary, it may support previously described cases of aggressive SCCs that were attributed to ECP therapy.  
Nevertheless, ECP is not currently considered immunosuppressive and increased risk of malignancy or opportunistic infections 
has not been observed [8].    

We describe a case of spontaneously regressing invasive SCC and intraepidermal atypical squamous cell proliferations suggestive 
of keratoacanthomas in a patient with chronic and treatment-resistant GVHD.  The initial growth and subsequent regression of 
these tumors were observed within approximately 3 1/2 months of ECP initiation and 7 1/2 months following bone marrow 
transplant.  Although the predominant factor driving these changes is not clear, GVT effect and immunomodulation related to 
ECP are possible explanations.  Current data on mechanisms of ECP and specifically its effect on Treg cells dispute our 
hypothesis and may suggest that it may act to promote skin carcinogenesis. However, continuing accumulation of safety data 
would argue otherwise [8]. Keratoacanthomas are known to undergo spontaneous regression following the initial stage of growth 
and at least the two facial lesions may reflect this phenomenon unrelated to transplant or ECP.  However, this process would not 
explain resolution of the invasive SCC on the lower leg.  Although patients with chronic GVHD are at increased risk of 
developing SCCs [3], the potential impact of ECP in modulating this risk is unknown. Further research is needed to elucidate the 
interrelationship and individual contribution of cutaneous GVHD, GVT effect, and ECP on the risk of the development of 
cutaneous malignancy and the roles of these factors at different time points in the post-transplant period.     

References  
1. Ueno NT, Cheng YC, Rondon G, Tannir NM, Gajewski JL, Couriel DR, et al. Rapid induction of complete donor chimerism 

by the use of a reduced-intensity conditioning regimen composed of fludarabine and melphalan in allogeneic stem cell 
transplantation for metastatic solid tumors. Blood. 2003 Nov 15;102(10):3829-36. 



 
 

2. Kasow KA, Handgretinger R, Krasin MJ, Pappo AS, Leung W. Possible allogeneic graft-versus-tumor effect in childhood 
melanoma. J Pediatr Hematol Oncol. 2003 Dec;25(12):982-6. 

3. Curtis RE, Metayer C, Rizzo JD, Socie G, Sobocinski KA, Flowers ME, et al. Impact of chronic GVHD therapy on the 
development of squamous-cell cancers after hematopoietic stem-cell transplantation: an international case-control study. 
Blood. 2005 May 15;105(10):3802-11. 

4. Sloand EM, Pfannes L, Ling C, Feng X, Jasek M, Calado R, et al. Graft-versus-host disease: role of inflammation in the 
development of chromosomal abnormalities of keratinocytes. Biol Blood Marrow Transplant. 2010 Dec;16(12):1665-73. 

5. Gmyrek R, Beer R, Elizeri Y, Oster MW, Silvers DN, Schneiderman P, et al. Invasive squamous cell carcinoma with 
sporotrichoid metastasis in a patient with cutaneous T cell lymphoma treated with chronic extracorporeal photopheresis. Cutis. 
1999 Oct;64(4):261-4. 

6. Hoetzenecker W, Benedix F, Woelbing F, Yazdi A, Breuninger H, Rocken M, et al. Metastasizing squamous cell carcinomas 
in a patient treated with extracorporeal photopheresis for cutaneous T-cell lymphoma. Acta Derm Venereol. 2007;87(5):445-
6. 

7. Nehal KS, Green KB, Lim HW. Aggressive squamous cell carcinomas in patients treated with extracorporeal photopheresis 
for cutaneous T-cell lymphoma. Arch Dermatol. 1995 Oct;131(10):1211-2. 

8. Martino M, Fedele R, Cornelio G, Moscato T, Imbalzano L, Ressa G, et al. Extracorporeal photopheresis, a therapeutic option 
for cutaneous T-cell lymphoma and immunological diseases: state of the art. Expert Opin Biol Ther. 2012 Aug;12(8):1017-30. 

9. Goussetis E, Varela I, Tsirigotis P. Update on the mechanism of action and on clinical efficacy of extracorporeal 
photopheresis in the treatment of acute and chronic graft versus host disease in children. Transfus Apher Sci. 2012 
Apr;46(2):203-9. 

10. Ilkovitch D. Role of immune-regulatory cells in skin pathology. J Leukoc Biol. 2011 Jan;89(1):41-9. 
11. McCarter MD, Baumgartner J, Escobar GA, Richter D, Lewis K, Robinson W, et al. Immunosuppressive dendritic and 

regulatory T cells are upregulated in melanoma patients. Ann Surg Oncol. 2007 Oct;14(10):2854-60.  
12. Kaporis HG, Guttman-Yassky E, Lowes MA, Haider AS, Fuentes-Duculan J, Darabi K, et al. Human basal cell carcinoma is 

associated with Foxp3+ T cells in a Th2 dominant microenvironment. J Invest Dermatol. 2007 Oct;127(10):2391-8. 
13. Clark RA, Huang SJ, Murphy GF, Mollet IG, Hijnen D, Muthukuru M, et al. Human squamous cell carcinomas evade the 

immune response by down-regulation of vascular E-selectin and recruitment of regulatory T cells. J Exp Med. 2008 Sep 
29;205(10):2221-34. 

14. Carroll RP, Segundo DS, Hollowood K, Marafioti T, Clark TG, Harden PN, et al. Immune phenotype predicts risk for 
posttransplantation squamous cell carcinoma. J Am Soc Nephrol. 2010 Apr;21(4):713-22. 

15. Di Biaso I, Di Maio L, Bugarin C, Gaipa G, Dander E, Balduzzi A, et al. Regulatory T cells and extracorporeal 
photochemotherapy: correlation with clinical response and decreased frequency of proinflammatory T cells. Transplantation. 
2009 May 15;87(9):1422-5.  

   
 
 




