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1  |  INTRODUC TION

Mycosis fungoides (MF) is the most common cutaneous lym-
phoma observed during dermatologic medical examinations. MF 
is considered a low-grade lymphoma because the premycotic and 
mycotic phases can last for several years. Owing to the relatively 
low awareness of the disease, many patients seek dermatologic 

consultation for the first time after their condition has already 
progressed to the mycotic or tumorous phases. This condition can 
lead to death within a few months following tumor formation, ul-
ceration, leukemic transformation, and visceral invasion. Proactive 
treatment during the premycotic and mycotic phases may prevent 
stage progression, thereby improving both the survival rate and 
prognosis.
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Abstract
Photochemotherapy with psoralen and ultraviolet A (PUVA) is widely used for refractory 
skin diseases. Bathwater delivery of 8-methoxypsoralen (8-MOPS) with subsequent UVA 
irradiation (bath-PUVA) or oral administration of 8-MOPS with UVA is used to treat my-
cosis fungoides. We retrospectively analyzed 62 patients with mycosis fungoides (8 stage 
IA, 30  stage IB, 5  stage IIB, 18  stage IIIA, and 1  stage IVA2) treated with bath-PUVA 
at the Dermatology Clinic of Nagoya City University Hospital from November 2004 
to December 2013. A complete response was achieved in 37 (59.7%) patients, a par-
tial response was achieved in 16 (25.8%), and stable disease was achieved in 6 (9.7%). 
Progressive disease was observed in 3 (4.8%) patients. Almost all patients in stage IA/IB 
achieved a complete response. Of the 5 stage IIB patients, 2 achieved a partial response, 
1 achieved stable disease, and 2 had progressive disease. The serum concentrations of 
soluble interleukin-2 receptor and lactate dehydrogenase decreased significantly follow-
ing treatment with bath-PUVA (p  <  0.001). We examined the risk factors of patients 
whose stage progressed despite PUVA treatment. A multivariate Cox regression analysis 
of risk factors associated with stage progression yielded a hazard ratio of 28.5 for stage 
IIb. Treatment with bath-PUVA is highly effective in the early stages of mycosis fungoi-
des, and partially effective in advanced stages.
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Phototherapy is highly effective for early-stage MF, and photo-
therapy guidelines for patients with MF and Sezary syndrome in the 
United States were reported.1 The 2020 Clinical Practice Guidelines 
for Cutaneous Lymphoma by the Japanese Dermatological Association 
recommend topical steroid therapy, phototherapy [broadband-
Ultraviolet B (UVB), narrowband Ultraviolet B (UVB), or Psoralen and 
ultraviolet A (PUVA)], or local radiation therapy during the early stage.2 
In our clinic, we have used bath-PUVA therapy to treat MF since 1998. 
Here, we report the efficacy of this treatment in 62 patients for whom 
data were available for the study.

2  |  METHODS

2.1  |  Study method

This was a single-center, retrospective cohort study of patients with 
MF treated with bath-PUVA. Patients diagnosed with MF who were 
admitted to the Nagoya City University Hospital and underwent 
bath-PUVA therapy during a 10-year period from November 2004 
to December 2013 were retrospectively reviewed. This study was 
performed in accordance with protocols approved by the Ethics 
Review Board of Nagoya City University, the Declaration of Helsinki, 
and the Ethical Guidelines for Clinical Research.

2.2  |  MF staging

The stages of patients treated in 2011 and earlier were re-
evaluated according to the tumor–node–metastasis-blood classifi-
cation reported in 2011 by the International Society for Cutaneous 
Lymphomas and Cutaneous Lymphoma Task Force of the European 
Organization of Research and Treatment of Cancer.3

2.3  |  Irradiation protocol for bath-PUVA therapy

Patients soaked in 0.0001% 8-methoxypsoralen (8-MOPS) bathwater 
(37°C) for 15 min and underwent subsequent UVA treatment five times 
a week. The UV dose increment schedule was as follows: 0.2, 0.5, 0.8, 
1.1, 1.5, 1.9, 2.3, 2.8, 3.3, 4.0 J/cm2; the dose was maintained at 4.0 J/
cm2 thereafter until May 2005. Beginning in June 2005, the initial UV 
dose was set at 0.5 J/cm2 and increased to 4.0 J/cm2 in 0.5-J/cm2 incre-
ments; thereafter, the dose was maintained at 4.0 J/cm2. Patients were 
discharged when the lesions disappeared and then re-admitted for five 
weekly irradiation treatments when lesions recurred. Some patients from 
2006 or earlier received combination therapy with interferon-gamma.

2.4  |  Assessment of efficacy

The response was defined as follows:3 complete response (CR), 100% 
clearance of skin lesions; partial response (PR), 50%–99% clearance of 

skin disease from baseline without new tumors (T3) in patients with 
T1-, T2-, or T4-only skin disease; stable disease (SD), <25% increase 
to <50% clearance in skin disease from baseline without new tumors 
(T3) in patients with T1-, T2-, or T4-only skin disease; progressive dis-
ease (PD), 25% increase in skin disease from baseline or new tumors 
(T3) in patients with T1-, T2-, or T4-only skin disease; and loss of re-
sponse, a skin score increase greater than the sum of the nadir plus 
50% of the baseline score in patients with a CR or PR.

2.5  |  Statistical analysis

Statistical analysis was performed using Excel (Microsoft Corp., 
Redmond, WA, USA), Pharmaco Analyst (Scientist Press Co. Ltd., 
Tokyo, Japan), and R version 3.6.3 (R Foundation for Statistical 
Computing, Vienna, Austria). A paired Student's t-test was used to 
compare blood chemistries before and after bath-PUVA therapy. 
Overall survival and disease-specific survival were estimated by 
the Kaplan–Meier method. The length of time was defined from the 
start of bath-PUVA therapy. Deaths caused by MF were treated as 
an endpoint for disease-specific survival. Overall survival was the 
actual survival period. We examined the risk factors of patients 
whose stage progressed despite PUVA treatment. Univariate 
and multivariate Cox regression analyses were performed (R ver-
sion 3.6.3 using the survival package). All reported p-values are 
2-tailed, with a value <0.05 considered significant.

3  |  RESULTS

3.1  |  Patient characteristics

A total of 62 patients were retrospectively enrolled in the study: 
40 men (65%) and 22 women (35%). Mean (standard deviation) age at 
onset of MF was 62.7 (17.7) years (median age, 66 years; range, 13–
94 years). Stage at the initial consultation was as follows: IA (n = 8); 
IB (n = 30); IIB (n = 5); IIIA (n = 18); and IVA2 (n = 1). Mean number 
of hospital admissions for PUVA treatment: two for patients in stage 
IA; three for patients in stages IB, IIB, and IIIA; and one for patients 
in stage IVA2 (Figure 1a–d).

3.2  |  Treatment response

3.2.1  |  Skin symptoms

Among patients with stage IA MF, 100% achieved a CR, and among 
patients in stage IB, 70% achieved a CR and 93% achieved a partial 
response (PR) or better. Among patients in stage IIB, 40% achieved 
a PR, 20% achieved stable disease (SD), and 40% had progressive 
disease (PD), indicating that many of these patients had an insuffi-
cient response. In contrast, patients in stage IIIA exhibited a greater 
response, with a 44% CR and 39% PR (Figure 2).
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3.2.2  |  Blood results

Comparisons before and after treatment stratified by stage revealed 
a significant decrease in the serum concentrations of both lactate 
dehydrogenase (LDH) and soluble interleukin-2 receptor (sIL-2R) in 
patients in stages IB and IIIA. In contrast, no significant differences 
in the serum concentrations of either LDH or sIL-2R were observed 
between before and after treatment in patients in stages IA and IIB 
(Figure 3).

3.3  |  Recurrence

In some patients with MF, bath-PUVA therapy prevents recur-
rence of the rash after only one course of treatment. To investi-
gate such circumstances, remission was defined as the absence 

of recurrence for at least 1  year after one inpatient treatment 
among patients who exhibited a CR to bath-PUVA therapy with 
lesion disappearance, and the percentages of patients who 
achieved remission at each stage were evaluated. Remission was 
achieved in approximately 57.1% of patients in stage IA and 26.1% 
of patients in stage IB. Remission was also achieved in 7.1% of pa-
tients in stage IIIA (Figure 4). For patients in stage IA and IB (the 
most frequent stages in this study), the number of bath-PUVA 
sessions administered during one inpatient treatment was com-
pared between those who achieved remission and those with re-
peated recurrence; no significant differences were detected (data 
not shown). Comparison of the blood data between those who 
achieved remission and those with repeated recurrence revealed 
no significant differences in the pre-treatment serum LDH or sIL-
2R, or in the rate of decrease from pre- to post-treatment for 
either factor (data not shown).

F I G U R E  1  Patient characteristics. (a) Subjects were 40 men (65%) and 22 women (35%). (b) Mean age at onset was 62.7 years with a 
median age of 66 years. Men were significantly older at the time of onset. The sex difference in the age at onset was significant (p = 0.0029). 
(c) The most common stage at diagnosis was IB (48%). (d) Mean number of bath- psoralen and ultraviolet A (PUVA) therapy cycles (1 cycle = 
patient receives irradiation on consecutive days while hospitalized and is subsequently discharged) was 1.9 cycles (stage IA), 2.8 cycles (stage 
IB), 3.2 cycles (stage IIB), and 3.2 cycles (stage IIIA). Thus, patients in stage IA underwent fewer treatment cycles
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3.4  |  Unmanaged cases

In six patients, the pathologic condition could not be managed 
with bath-PUVA therapy. Patient 1 was initially diagnosed with 
stage IB MF and experienced temporary symptom relief after 

starting bath-PUVA therapy. Tumor lesions on the head appeared 
7 years later. The patient subsequently underwent tomotherapy 
(24  Gy) and continues to receive outpatient care 5  years later. 
Patient 2 presented with stage IIB MF and multiple tumor lesions. 
The patient underwent chemotherapy, but ultimately died. Patient 
3, diagnosed with stage IIB MF, initially presented primarily with 
plaques and underwent bath-PUVA therapy. The plaques gradu-
ally spread over a larger area, and both the size and number of 
tumor lesions subsequently increased. Despite undergoing tomo-
therapy, the patient died. Patient 4 exhibited rapid-onset MF over 
the course of a few months and sought medical consultation after 
the appearance of a tumor. Leukemic transformation occurred 
shortly thereafter and the patient died. Patient 5 presented with 
stage IIIA erythroderma and developed multiple tumor lesions 
after medical consultation. The patient underwent various types 
of chemotherapy, but ultimately died. Patient 6 was diagnosed 
with atopic dermatitis from childhood and had undergone treat-
ment at a local hospital. The patient consulted our department 
after lesion exacerbation and the development of a low-grade 
fever. The patient was diagnosed with stage IVA2 MF and initially 
underwent bath-PUVA. Because bath-PUVA resulted in no im-
provement, the patient received an allogeneic bone marrow stem 
cell transplantation and subsequently achieved remission.

3.5  |  Survival analysis

The 5-year overall survival from the day of diagnosis measured using 
the Kaplan–Meier method was 100% for patients in stage IA, 85% 

F I G U R E  2  Bath- psoralen and ultraviolet A (PUVA) therapy 
responses among the stages. One patient experienced repeated 
recurrence and underwent multiple inpatient treatments. This 
graph shows treatment responses by patient
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F I G U R E  3  Comparison of serum lactate dehydrogenase 
(LDH) and soluble interleukin-2 receptor (sIL-2R) before and after 
bath-psoralen and ultraviolet A (PUVA) therapy by stage. Serum 
concentrations of both LDH and sIL-2R significantly decreased in 
stages IB and IIIA, but no significant differences were detected 
in stages IA and IIB. The data are presented as mean ± standard 
error. *p < 0.05 (paired t-test)

F I G U R E  4   Recurrence rate in patients with a complete 
response (CR) to bath-psoralen and ultraviolet A (PUVA). In 
some patients with mycosis fungoides (MF), bath-PUVA therapy 
prevents recurrence of the rash after only one treatment cycle, 
and such circumstances were investigated. Remission was defined 
as the absence of recurrence for at least 1 year after one cycle of 
inpatient treatment among patients who had a CR to bath-PUVA 
therapy and whose rash disappeared, and the percentages of 
patients in each stage who achieved remission were evaluated. 
Remission was achieved in approximately 57.1% of patients in stage 
IA and 22.2% of patients in stage IB. Remission was also achieved 
in 7.1% of patients in stage IIIA
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for patients in stage IB, 40% for patients in stage IIB, and 80% for 
patients in stage IIIA. The 5-year disease-specific survival for death 
due to primary disease alone was 100% for patients in stage IA, 
100% for patients in stage IB, 50% for patients in stage IIB, and 94% 
for patients in stage IIIA (Figure 5).

3.6  |  Factors related to stage progression

The 5-year stage progression-free rate was 100% for patients in 
stage IA, 94% for patients in stage IB, 94% for patients in stage IIIA, 
and 53% for patients in stage IIB (Figure 6). We examined the risk 
factors of patients who progressed in stage despite PUVA treat-
ment. A multivariate Cox regression analysis of risk factors associ-
ated with stage progression yielded a hazard ratio of 28.5 for stage 
IIb. No other factors were found to have a significant effect, e.g., 
age, sex, LDH and sIL-2R levels before PUVA treatment (Table 1).

3.7  |  Safety

None of the patients exhibited any severe (grade 3 or more) adverse 
events during bath-PUVA therapy.

4  |  DISCUSSION

In the present study, we investigated patients with MF who un-
derwent bath-PUVA therapy at our hospital after 1998. The 

male-to-female ratio was 13:7, consistent with previous reports that 
this condition is more common in men. Men were also significantly 
older at the time of onset. Bath-PUVA therapy was extremely ef-
fective for patients in stages IA and IB, with a CR of 100% and 70%, 
respectively. Many patients in stage IIB, however, exhibited an in-
sufficient response (PR 40%, SD 20%, and PD 40%). In contrast, 
favorable responses were observed in patients in stage IIIA, with a 
CR of 44% and a PR of 39%. Bath-PUVA therapy facilitates percuta-
neous penetration of psoralen into the lesions and also allows for a 

F I G U R E  5  Survival according to the stage (Kaplan–Meier method). The 5-year disease-specific survival rate was 100% for patients in 
stage IA, 100% for patients in stage IB, and 94% for patients in stage IIIA, but 50% for patients in stage IIB. The 5-year overall survival rate 
was 100% for patients in stage IA, 85% for patients in stage IB, 80% for patients in stage IIIA, and 40% for patients in stage IIB
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greater amount of UVA irradiation. For stage IIB lesions with tumor 
formation, however, poor psoralen and UVA penetration might be 
expected. In contrast, although the lesions were spread over a wider 
area in patients in stage IIIA, the individual lesions exhibited tumor 
cell invasion that localized from the epidermis to the upper dermis, 
which is considered to contribute to the greater treatment response 
observed in patients in stage IIIA.

Among patients whose rash disappeared at least once 
(n  =  49), remission was achieved after one treatment cycle in 
57% of patients in stage IA and 26.1% of patients in stage IB. 
Of these patients, the number of UV irradiation sessions during 
one inpatient treatment course was not significantly different 
between those who achieved remission and those who experi-
enced a recurrence. These results indicated that although stage 
progression can be suppressed by administering bath-PUVA 
therapy at an early stage of the disease. The results of the pres-
ent study support previous findings that long-lasting disease-
free intervals are possible after only one course of PUVA in 
early-stage MF.1

The blood data revealed significant overall improvements 
in the serum LDH and sIL-2R when compared before and after 
bath-PUVA therapy. These results corroborate the reduction in 
the number of tumor cells in the lesions after bath-PUVA ther-
apy. Examination by stage revealed significant reductions in both 
serum LDH and sIL-2R for patients in stages IB and IIIA. No signif-
icant differences were observed, however, in patients in stages IA 
and IIB. These findings may be due to the lower number of tumor 
cells and normal concentrations (mean) of pre-treatment serum 
LDH and sIL-2R in patients with stage IA MF, and also the lower 
treatment response against tumors in patients with stage IIB MF. 
Analysis of survival (measured value) after starting bath-PUVA 
therapy showed a 5-year overall survival of 100% for patients in 
stage IA, 85% for patients in stage IB, 80% for patients in stage 
IIIA, and 40% for patients in stage IIB. A multivariate Cox regres-
sion analysis of risk factors associated with stage progression 
yielded a hazard ratio of 28.5 for stage IIb.

The mechanism of PUVA therapy is considered to be UV-induced 
T cell apoptosis.4–7 PUVA therapy also reduces the number of infil-
trating CCR4-positive cells and regulatory T cells.8

The present study revealed favorable effects of bath-PUVA ther-
apy against MF when administered during an early stage before tumor 
formation. A large number of patients were included in this retro-
spective analysis of bath-PUVA therapy. Similar effects of bath-PUVA 
therapy were observed in 16 patients with early-stage (IA and IB) MF.9 
Patients with early-stage MF who were refractory to narrowband UVB 
were also treated and exhibited a 50% CR and a 33% PR.10 Our results 
indicate that administering bath-PUVA therapy at an early stage is an 
effective therapeutic approach for patients with MF.
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