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Abstract

Background: Phototherapy has been a mainstay in the treatment of mycosis fungoides (MF).
However, the recent findings of UV-induced p53 mutations in advanced MF suggest that
phototherapy may contribute to disease progression.

Objective: The objective of this study was to evaluate the effect of phototherapy on the time to
tumor progression and overall survival in MF.

Materials and methods: Retrospective analysis of patients seen at the University of Pittsburgh
Cutaneous Lymphoma Clinic from 1979 to 2016.

Results: 345 patients with MF were identified. 258 (74.8%) were diagnosed at stage 1A or IB. 43
out of 258 (16.6%) progressed to tumor stage. Before tumor development, 30 out of 43 (69.8%)
patients received phototherapy, and 13 (30.2%) did not. Patients who received phototherapy had a
longer median time to tumor progression than those who did not: 3.5 years (interquartile range =
1.9 -5.7) versus 1.2 years (0.2 — 2.3) (p =0.001). Patients who received phototherapy also
survived longer: 6.9 years (interquartile range = 4.3 — 9.5) versus 3.8 years (3.0 — 4.5) (p = 0.014).

Limitations: Limited information on specific phototherapy start dates, durations, and treatment
protocols.

Conclusions: The therapeutic effects of phototherapy, with longer times to tumor progression
and increased overall survival, appear to outweigh its potential adverse effects.
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INTRODUCTION

Mycosis fungoides (MF) is the most common type of cutaneous T-cell lymphoma (CTCL) in
which the initial lesions tend to appear as patches and plaques on the non-photoexposed
skin. Most patients’ disease rarely progress beyond early stages, but some go on to develop
tumors and may have extracutaneous involvement of the lymph nodes, blood, and visceral
organs.

Phototherapy, particularly psoralen plus ultraviolet A (PUVA) and narrowband ultraviolet B
(NBUVB) [1], has been a longstanding cornerstone in the treatment of MF, particularly for
patch-plaque disease occupying more than 10% body surface area (BSA) without lymph
node involvement (stage IB). The use of PUVA in the treatment of MF was first reported in
1976 [2] and was found to be efficacious even for plaques. In a 2005 survey study of 1399
practitioners, PUVA was ranked the most effective and preferred treatment for stage 1A and
IB MF [3]. Similarly, UVB has been used to treat MF since 1982 [4]. When used as
monotherapy for patch-plaque disease, NBUVB is reported as having clinical response rates
ranging from 54— 90% [5].

However, phototherapy is not without its side effects, and questions have been raised about
its potential carcinogenicity. While NBUVB has not been associated with a significantly
increased risk of non-melanoma skin cancers (NMSCs), studies have shown that patients
who receive both NBUVB and PUVA have a higher risk of developing basal cell carcinomas
(BCCs) [6, 7]. On the other hand, PUVA has been associated with an increased risk of
squamous cell carcinoma (SCC) [8, 9], and a possible increased risk of malignant melanoma
(MM) [10, 11, 12, 13]. Though most studies on photocarcinogenicity have been done in
patients with psoriasis, in a recent investigation of 104 patients with stage 1A to 1A MF
treated with chronic PUVA therapy, 26% developed NMSCs [14].

The goal of our study was to evaluate from a clinical perspective the effect of phototherapy
on the rate of progression to tumor stage MF and on overall survival times.

MATERIALS AND METHODS

Study design

We queried the cutaneous lymphoma database on patients with early stage (stage IA and IB)
diagnosed and treated at the University of Pittsburgh Medical Center in the Cutaneous
Lymphoma Clinic at the University of Pittsburgh over the last 37 years from 1979 to 2016.
Patients with reactive lymph nodes were excluded. Only patients who progressed to tumor
stage were included in this study. The electronic medical record or paper charts were
reviewed by one of us (J.W.H., T.K., and O.E.A.) to establish the history of phototherapy.
Clinical features included age at diagnosis, sex, Fitzpatrick skin type, duration of symptoms
before diagnosis, stage at diagnosis, the number of skin cancer, number and type of
treatments prior to tumor development, the presence of large cell transformation in tumors,
and progression beyond stage 11B. The study was approved by the Institutional Review
Board at the University of Pittsburgh (PRO15110413) with a waiver of informed consent.
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Statistical analysis

Chi-squared tests or Fisher’s Exact tests were performed to determine whether there were
significant differences between the phototherapy and the non-phototherapy groups with
regards to categorical variables: gender, Fitzpatrick skin type, stage at diagnosis, the number
of skin cancers, death from MF complications, large cell transformation, progression beyond
tumor stage, and treatment specifics before tumor development. Mann-Whitney U tests were
performed to determine whether there were significant differences between the phototherapy
and non-phototherapy groups with regards to continuous variables: age at diagnosis, number
of treatments used prior to tumor development, and duration of symptoms prior to diagnosis.
Univariate and multivariable linear regression analyses adjusting for age at diagnosis were
performed to test the log-transformed time to progression to tumor stage between the
phototherapy and non-phototherapy groups. Survival analyses were performed using the log-
rank (Mantel-Cox) test, and results are shown in Kaplan-Meier curves. Cox regression
analyses were conducted to adjust for the effect of age at diagnosis with regards to overall
survival. SPSS Version 24 (IBM Corp., Armonk, NY) was used to run the statistical analyses
and p < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

Of the 652 patients seen in the Cutaneous Lymphoma Clinic at the University of Pittsburgh
from 1979 to 2016, we identified 345 patients with MF. Two hundred and fifty-eight patients
(74.7%) were initially diagnosed with either stage 1A or IB MF. The study group was
comprised of the 43 patients (17.0%) who progressed from stage |A or IB to stage 11B MF
during their follow-up. Eight out of 43 (18.6%) patients had stage IA at diagnosis, and 35
(81.4%) had stage 1B. The mean age at diagnosis was 63.9 years old with a standard
deviation of 13.0. Our study population was made up of 30 men (69.8%) and 13 women
(30.2%). Thirty-seven patients (86.0%) had Fitzpatrick skin type I-111 and 6 (14.0%) had
type IV-VI.

The patients were divided into two groups, based on whether or not they were treated with
phototherapy prior to tumor development. Thirty out of 43 patients (69.8%) received
phototherapy—defined as NBUVB, PUVA, and/or intentional sunlight—prior to developing
tumors, and 13 (30.2%) did not. Six out of 30 patients (20.0%) received NBUVB and 19
(63.3%) received PUVA. One received both NBUVB and PUVA (3.3%), and 4 (13.4%)
treated their MF with natural sunlight. To our knowledge, the patients who were encouraged
to use natural sunlight did not use tanning beds. Eleven out of the 30 patients who received
phototherapy also received oral bexarotene prior to developing tumors.

There were no statistically significant differences between the phototherapy and the non-
phototherapy groups with regards to gender, Fitzpatrick skin type, duration of symptoms
prior to diagnosis, or stage at diagnosis (Table 1). The only statistically significant
differences between the two groups were with regards to age at diagnosis and number of
treatments used prior to tumor development (Table 1).

J Dermatolog Treat. Author manuscript; available in PMC 2018 August 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoot et al.

Page 4

The median age at diagnosis for patients in the phototherapy group was significantly lower
than the non-phototherapy group: 61.9 years old (interquartile range = 56.3 — 71.8) versus
69.9 years old (65.0 — 75.3) (p = 0.048). The age at diagnosis for patients in the
phototherapy group also had a wider range (28.9 to 90.1 years) than the non-phototherapy
group (57.6 to 78.9 years).

The patients in our cohort received a range of treatments prior to tumor development,
including: phototherapy, topical steroids, topical nitrogen mustard, radiation (including local
electron beam therapy, total skin electron beam, and x-ray), extracorporeal photopheresis
(ECP), bexarotene, interferon alpha-2a, methotrexate, pralatrexate, romidepsin, vorinostat,
and denileukin diftitox. As to be expected with the addition of phototherapy, patients who
received phototherapy received more treatments than those who did not: a median of 3.7
treatments (interquartile range = 3.1 — 4.4) versus 2.4 treatments (1.6 — 3.2), respectively (p
= 0.019). Importantly, there were no statistically significant differences between the
phototherapy and the non-phototherapy groups with regards to percent of patients who
received systemic medications (46.2% vs. 56.7%, p = 0.526), ECP (84.6% vs. 73.3%, p =
0.696), radiation (69.2% vs. 73.3%, p = 1.000), or topical nitrogen mustard (61.5% vs.
63.3%, p = 1.000).

Of the 43 patients in this study, 6 developed NMSCs. Two developed both NMSCs and
melanoma in situ, and one patient had an invasive melanoma. The rate of skin cancer was
higher in the phototherapy group—S5 out of 30 patients (16.7%) versus 1 out of 13 (7.7%)—
but this was not statistically significant (p = 0.681). There were no melanomas observed in
patients who did not receive phototherapy.

Time to progression to tumors

Patients who received phototherapy took a median of 3.5 years (interquartile range = 1.9 —
5.7) to progress to stage 11B (calculated as the time from date of tissue diagnosis to date of
first documented tumor). Patients who did not receive phototherapy took a median of 1.2
years (interquartile range = 0.2 — 2.3) to progress to stage 11B. This difference was
statistically significant (p = 0.001), and is represented in a Kaplan-Meier curve (Figure 1).

In the phototherapy group, the 19 patients who received PUVA took a median of 2.6 years
(95% CI = 1.5 — 3.8) to progress to stage I1B. The 6 patients who received NBUVB took a
median of 4.5 years, and the 1 patient who received both PUVA and NBUVB took 3.6 years.
These differences were not statistically significant (p = 0.098).

In the univariate regression analysis, patients who received phototherapy took 4.2 times
longer to develop tumors (95% CI = 2.1 — 8.6, p < 0.001) than patients who did not receive
phototherapy. As previously mentioned, patients in the non-phototherapy group were almost
a decade older at the time of diagnosis than patients in the phototherapy group. Since the
risk of disease progression in patients with the T2 disease over ten years was previously
shown in the literature to be approximately 72% [15], a multivariable linear regression was
performed on log-in order to adjust for age at diagnosis. In the multivariable analysis, where
age at diagnosis was no longer significant (p = 0.129), patients who received phototherapy
took 3.6 times longer to develop tumors (95% CI = 1.7 — 7.5, p = 0.001).
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Overall survival

We also looked at the effect of phototherapy on patient survival (Table 2). Patients who
received phototherapy had a median overall survival of 6.9 years (95% CI = 4.3 — 9.5) after
the initial diagnosis of MF. Patients who did not receive phototherapy had a median survival
of 3.8 years (95% CI = 3.0 — 4.5) after diagnosis. This difference was statistically significant
(p = 0.014) and is represented in a Kaplan-Meier curve (Figure 2). We adjusted for the
difference in age at diagnosis with a Cox regression. In the analysis, patients who received
phototherapy still survived longer, but this was not statistically significant (HR = 0.50, 95%
Cl =0.23 -1.06, p = 0.072). Older age at diagnosis was correlated with decreased survival
time (HR = 1.03, 95% CI = 1.00- 1.06, p = 0.035).

We also evaluated the effect of phototherapy on survival after tumor development. While not
statistically significant, patients who received phototherapy had longer median survival
times after tumor development, fewer MF-related deaths (defined as metastases, sepsis from
ulcerated tumors, and fatal drug reactions due to chemotherapy), and less progression
beyond stage 11B (Table 2). There was no difference in the rate of large cell transformation
between the two groups. Notably, of the 34 patients in this study who died, none died from
NMSC or MM.

DISCUSSION

Both the etiology of MF and the pathogenesis of its progression from patch-plaque disease
to advanced stages are still largely unknown and under investigation. MF is thought to be a
multifactorial process, with genetic, immunologic, and environmental factors contributing to
its development and clinical course. Various genetic abnormalities—the constitutive
activation of oncogenes like STAT3, the inactivation of tumor suppressor genes like p53,
p16, or PTEN [16, 17, 18, 19], and mutations in the tumor necrosis factor signaling pathway
[20] — have been identified.

In our cohort of patients who progressed from stage 1A or IB to stage 11B MF, those who
received phototherapy had a statistically significantly longer time to tumor development than
those who did not receive phototherapy. Before adjusting for age at diagnosis, patients who
received phototherapy took 4.2 times longer (95% CI = 2.1 - 8.6, p < 0.001) to progress to
tumors. After adjusting for age at diagnosis, patients who received phototherapy took 3.6
times longer to progress to tumors, suggesting that while age at diagnosis has an effect,
phototherapy is still independently correlated with time to tumor progression. Within the
phototherapy group, there were no significant differences in time to tumor progression or
overall survival time between the PUVA and NBUVB groups, despite the fact that UVA is
generally thought to be more carcinogenic than UVB. Our data suggests that the therapeutic
effects of phototherapy on patch-plaque stage MF offset its potential oncogenic effects on
the progression to tumor stage MF. This study may even underestimate the potential benefits
of phototherapy because it does not include the numerous patients who received
phototherapy and either achieved clinical remission or remained in patch-plaque stage.

UV light exerts its therapeutic effect by causing cell cycle arrest or apoptosis of
keratinocytes, lymphocytes, and Langerhans cells, and by selectively decreasing the
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production of proinflammatory cytokines by T cells [21, 22, 23, 24]. Additionally, the
psoralen component of PUVA cross-links with DNA, allowing not only for
photosensitization but also for the independent inhibition of DNA replication and induction
of cell cycle arrest [23]. Thus, while there is the risk of photocarcinogenesis, our findings
suggest that the benefit of phototherapy on patch-plaque disease outweighs any of its
potential effects on MF tumor development.

We believe the previous discovery of UV-induced mutations in MF is likely only a piece in
the complicated picture of MF tumorigenesis. Moreover, the presence of UV-induced
mutations does not necessarily indicate oncogenesis. Though UV-induced p53 DNPs have
been implicated in the increased development of NMSCs [25, 26], both p53 mutations and
p53 overexpression have also been found in the keratinocytes of chronically sun-exposed but
otherwise phenotypically normal skin [27, 28]. A similar case can be made for the UV-
induced DNPs found in MF tumors—that it is unclear whether the mutations played a role in
MF tumorigenesis or are an incidental finding of life-long light exposure.

Due to limitations in clinical documentation, it is hard to establish the exact duration of
phototherapy in our patients as well as the specific phototherapy protocols used. In our
analyses, patients were considered to be in the phototherapy group regardless of when they
started or for how long they were on phototherapy prior to the development of tumors.
Additionally, while we were able to adjust for the different age at diagnosis between the
phototherapy and non-phototherapy group, there may be other confounding factors that we
have not considered and were, therefore, unable to adjust for in our analysis.

In conclusion, our study shows that phototherapy does not lead to a more rapid progression
to tumor stage MF, but may slow the disease progression and prolong overall survival. Our
clinical findings support the continued use of phototherapy in patients with patch-plaque
stage MF.
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Figure 1. Effect of phototherapy on timeto progression from | A/IB to stage || B measured in

years.
Kaplan-Meier curve of the percentage of the patient treated or not treated with phototherapy

as a function of time after diagnosis to progression to tumors.
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Figure 2. Effect of phototherapy on overall survival.
Kaplan-Meier curve of the percentage of the patient treated or not treated with phototherapy

as a function of time after diagnosis to death. Overall survival measured in years. The
patients who survived were censored.
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No Phototherapy N = 13 Phototherapy N = 30 P value
Male 11 (84.6%) 19(63.3%) p=0.279
Female 2(15.4%) 11 (30.2%)
Fitzpatrick I-111 12 (92.3%) 25 (83.3%) p = 0.649
Fitzpatrick IV-VI 1(7.7%) 5 (16.7%)

Median age at dx (Interquartile range)

69.9 years (65.0 — 75.3 years) | 61.9 years (56.3 — 71.8 years) | p =0.048

Median duration of symptoms prior to dx (Interquartile range) 3.0 years (2.0 — 6.0 years) | 2.0 years (0.8 to 5.5 years) | p=0.387
Stage 1A at dx 3(23.1%) 5 (16.7%) p =0.681
Stage IB at dx 10 (76.9%) 25 (83.3%)
Number of patients with skin cancer, any type 1(7.7%) 5 (16.7%) p =0.649
Non-melanoma skin cancer 1(7.7%) 4(13.3%)
Melanoma 0 (0.0%) 3 (10.0%)
Multiple skin cancers 1(7.7%) 3 (10.0%)
Median number of treatments prior to tumor development 2.4 treatments (1.6 — 3.2) 3.7 treatments (3.1 —4.4) p=0.019
(Interquartile range)
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Survival Data

Table 2:

No Phototherapy N =13 | Phototherapy N =30 P value
Median time to progression to tumors (Interquartile range) | 1.2 years (0.2 — 2.3 years) | 3.5 years (1.9 -5.7 years) | p<0.001
Median overall survival time (95% CI) 3.8 years (3.0 —4.5 years) | 6.9 years (4.3-9.5years) | p=0.014
Median survival time after tumor development (95% CI) 1.5 years (0-3.9 years) 2.6 years (1.5-3.6 years) | p=0173
Death from MF complications (Total deaths 34) 6/11 (54.5%) 8/24 (34.8%) p =0.458
Large cell transformation 4 (30.8%) 11 (36.7%) p=1.000
Progression beyond 11B 8(61.5%) 14 (46.7%) p=0.370
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