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Papuloerythroderma of Ofuji is characterized by coale­
scent solid papules that spare the skin folds. Although cu­
taneous lymphomas and internal malignancies are known 
associated conditions, the causative agents are unclear in 
most cases. A number of recent reports have documente d 
that drugs can induce papuloerythroderma. We review­
ed the reported cases and our own cases of drug­induc­
ed papulo erythroderma, together with our data from 
lympho cyte transformation tests and T­cell subsets of 
peri pheral blood. All of the 9 patients were male, and the 
causative drugs were various. Provocation tests were po­
sitive in all 6 patients examined. Whereas drug patch tests 
were negative in all 5 cases tested, the patients’ peripheral 
blood lymphocytes responded well to the culprit drug in 
4 of 5 patients tested. The patients had higher percenta­
ges of circulating CCR4+CD4+ T helper (Th) 2 cells than 
CXCR3+CD4+ Th1 cells. Drug­induced papuloerythro­
derma seems to be mediated by Th2 cells reacting with the 
causative drug. Key words: drug eruption; allergy; T cells.
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Papuloerythroderma was first described in 1984 by Ofuji 
(1). This distinct disorder is characterized by coalescence 

of solid papules, which typically spare the skin folds, 
presenting the so-called “deck-chair” sign. Although its 
association with cutaneous T-cell lymphoma as well as 
visceral carcinomas has been documented in a consi-
derable number of cases, the aetiology of the condition 
is unclear in the vast majority of patients (2). However, 
recent reports have indicated that drugs are causative 
agents for papuloerythroderma (3, 4) and have suggested 
that drug-reactive T-helper (Th) 2 cells play an important 
role in the pathogenesis (5).

The populations of circulating T cells can be skewed 
upon occurrence of T-cell-mediated drug eruptions (6, 
7). In the usual development of drug eruption, peripheral 
T cells react with a causative drug, migrate to the skin, 
and trigger dermatitis as a consequence of immuno-
logical or inflammatory responses (8). In this article,  
we review the clinical, laboratory, and histological 
features and the clinical outcome of drug-induced  
papuloerythroderma in the literature, including our 
own 4 published cases. We also characterize circulating  
T-cell populations in patients with drug-induced papulo-
erythroderma, focusing on the in vitro T-cell response 
to the causative drug and the Th1/T cytotoxic (Tc)1 or 
Th2/Tc2 polarization. 

MATErIAlS AND METHODS
Blood samples were taken from our patients with drug-induced 
papuloerythroderma (cases 5, 6, 8 and 9 in Table I), with infor-
med consent before treatment. Peripheral blood mononuclear 
cells (PBMCs) were isolated from heparinized venous blood of 
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Table I. Reported cases of drug-induced papuloerythroderma

Case 
(ref)

Age 
(years) Sex Country Past or associated diseases Causative drugs Other drugs latency period

1 (15) 60 M Spain Allergic rhinitis, conjunctivitis Nicardipine hydrochloride, 
nifedipine

Trichlormethiazide 2 weeks

2 (3) 31 M Japan AIDS Dideoxyinosine ND 1 month
3 (16) 66 M Japan None Cellulose ND Obscure
4 (17) 75 M Japan right eye injury Isoniazid rifampicin, streptomycin, 

ethambutol
1 week

5 (5) 70 M Japan Cerebral infarction Aspirin Carvedilol 10 yearsa

6 (9) 79 M Japan Chronic eczema, heart failure Furosemide ND 4 months
7 (13) 80 M Japan Pneumonia, diabetes mellitus ranitidine hydrochloride Codeine phosphate, trapidil 2 weeks
8 (18) 78 M Japan Hypertension, angina pectoris Eperisone hydrochloride ND 2 years and 5 monthsa

9 (14) 82 M Japan Hypertension, prostate cancer leuprorelin acetate Diltiazem hydrochloride 5 yearsa

aIntermittently administered for the period.
ND: not described.
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patients by means of Ficoll-Hypaque (Sigma Chemical Co., St 
louis, MO, USA) density gradient centrifugation. An in vitro 
proliferation assay was performed as previously described, 
with some modification (9). Briefly, as culture medium, rPMI-
1640 (Sigma-Aldrich, St louis, MO, USA) was supplemented 
with 10% heat-inactivated foetal calf serum (FCS), 5 × 10–5 M 
2-mercaptoethanol, 2 mM l-glutamine, 25 mM HEPES, 1 mM 
non-essential amino acids, and 1 mM sodium pyruvate. The 
culprit drugs used for the assay were unmodified parent drug 
compounds dissolved in culture medium, which were sonica-
ted to suspend them in the medium. The concentration of the 
drugs was determined by referring Cmax, and serial 10-times 
dilution was performed around Cmax. Cultures were performed 
in triplicate at 37ºC and 5% CO2 for 3 days. Eighteen hours 
before harvesting, 1 µCi 3H-thymidine (Amersham, Arlington 
Heights, Il, USA) was added. After harvesting, radioactivity 
was measured in a liquid scintillation counter.

Flow cytometry was performed as described previously (7). 
Cells were double-stained with fluorescein isothiocyanate 
(FITC)-conjugated anti-CD4, anti-CD8 or anti-HlA-Dr mo-
noclonal antibody (mAb) and phycoerythrin (PE)-conjugated 
anti-CXCR3, anti-CCR4 mAb (all from PharMingen, San 
Diego, CA, USA) at 2 µg/106 cells. Hanks’ balanced salt solu-
tion containing 0.1% NaN3 and 1% foetal calf serum was used 
as the staining buffer. After incubation for 30 min at 4ºC with 
mAbs or control isotype-matched controls, cells were washed 
and collected on a FACSCanto (BD Biosciences, San Diego, 
CA, USA) and analysed with FlowJo software (TreeStar, San 
Carlos, CA, USA). 

Data were analysed using an unpaired two-tailed t-test. 
p < 0.05 was considered to be significant.

rESUlTS

Literature review

Tables I and II summarizes the reported cases of drug-
induced papuloerythroderma. The mean age of the 9 
patients at diagnosis was 69 years, ranging from 31 to 82 
years. All patients were male. In a retrospective study of 
papuloerythroderma irrespective of causes, there were 
14 male and 3 female patients (male/female ratio 4.7:1) 
(10). In these patients, the age at diagnosis varied from 
61 to 100 years, with a median age of 72 years. 

The latency period of the skin rash varied from 1 week 
to 10 years, although some patients with long latency 
periods were given the causative drug intermittently. 
One-third of the patients had a history of heart disease. 
The causative drug was confirmed based on the timing 
regarding the administration of the drug and the onset 
of the eruptions (case 2), positive results of provocation 
test (cases 1, 3, 4, 5, 6 and 9) and positive reactions of 
lymphocyte transformation test (cases 5, 6, 7 and 8). 
The oral challeng test was performed with the culprit 
drug at one-fifth of the daily dose (5). We used the 
same procedure in our cases (cases 5 and 6). The detail 
of procedure in case 4 was not described. A variety of 
drugs were causative, and there was no preponderant 
drug. Most patients achieved partial remission with the 
initial treatment, such as systemic prednisolone and/or 
narrowband ultraviolet (UV)-B irradiation. 
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The eruptions were different from the usual acute 
type of drug exanthema, as they were chronically seen, 
presumably in association with pre-existing eczematous 
dermatitis (Fig. 1a). Six of 9 patients showed mild blood 
eosinophilia, and the maximum eosinophil count was 
5000/µl. There was no concomitant allergic or parasitic 
diseases except for one case (case 1) of allergic rhini-
tis and conjunctivitis (Table II). The blood eosinophil 
count changed in parallel with the disease activity, and 
returned to within the normal range after remission 
(5). A perivascular inflammatory infiltrate confined to 
the upper dermis was present in all the skin specimens 
(Fig. 1b, Table II). The infiltrate typically consisted of 
lymphocytes and eosinophils. 

Provocation tests by administration of the drugs 
were positive in all 6 patients tested. In all 5 patients 

examined, skin patch tests of the culprit drugs did not 
yield any positive findings (Table II). 

In our cases 5 and 9, the patients took several drugs. 
Considering the time-points of the initial intake of 
the medicines and the exaggeration of the eruptions, 
we selected aspirin and leuprorelin acetate as culprit 
medicines, respectively, and performed the provocation 
tests with them.

Lymphocyte transformation test 

In our cases 5, 6 and 8, lymphocyte transformation 
tests were performed to detect antigen-specific sensi-
tized lymphocytes by co-culture of the freshly isolated 
patients’ lymphocytes with the culprit medicines. Fig. 
2 shows the data with the representative concentration 

Fig. 1. Clinical appearance and histology 
of typical papuloerythroderma (case 5). 
(a) Diffuse coalesced papules on the lower 
legs. (b) Histological picture showing 
lymphocytic infiltrate intermingled with 
eosinophils in the upper dermis and 
exocytosis of lymphocytes. (haematoxylin-
eosin, original magnification ×100).

Fig. 2. Lymphocyte transformation test. Patients’ peripheral blood mononuclear cells (PBMCs) were cultured for 72 h with a respective culprit drug, aspirin, 
furosemide or eperisone hydrochloride at the indicated final concentration. Carvedilol was the drug that the individual patient took concomitantly with the 
causative drugs. As a positive control, PBMCs were cultured with concanavalin A (3 μg/ml) (case 5, 56,293 ± 4,043; case 6, 72,697 ± 1,949; and case 8, 
22,824 ± 3,494). Data are expressed as the mean ± SD of triplicate  cultures. *p < 0.01 compared with control. 
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of drugs determined on the basis of Cmax. The addi-
tion of the respective drug to the culture induced the 
proliferation of PBMCs in all 3 patients. The negative 
control drug that the individual patient took concomi-
tantly did not stimulate the PBMCs. The lymphocyte 
stimulation tests of cases 4 and 7 were reported to be 
negative and positive, respectively (Table II). Collec-
tively, 4 of 5 patients were positive for the lymphocyte 
stimulation test. 

Flow cytometric analysis

PBMCs obtained at the active stage of our patients 
(cases 5, 6, 8 and 9) were examined in the percentages 
of CD4+ and CD8+ cells bearing T-cell activation mar-
ker HlA-Dr. The mean percentages of CD4+ (34.8%, 
33.3–37%) and CD8+ (19.4%, 14.2–27%) cells were 
within normal ranges (CD4, 33.0–46.1%; CD8, 19.0–
32.4%) (Fig. 3a). CD4+ cells bearing HLA-DR were 
high in percentage compared with normal healthy sub-
jects (Fig. 3b), suggesting the activated state of CD4+ 
cells in drug-induced papuloerythroderma. We also ana-
lysed a difference between normal healthy controls and 
drug-induced papuloerythroderma in CXCr3+CD4+ 
(Th1), CCr4+CD4+ (Th2), CXCr3+CD8+ (Tc1) and 
CCr4+CD8+ (Tc2) subsets. The percentages of Th2 and 
Tc2 cells outnumbered Th1 and Tc1 cells, respectively 
(Fig. 3c, d).

DISCUSSION

We reviewed the reported cases of papuloerythroderma 
caused by drugs and clinically characterized this unique 
chronic type of drug eruption. Drug-induced papulo-
erythroderma is different from generalized maculopa-
pular drug eruption, in that it exhibits coalesced solid 
papules and “deckchair sign”, sparing the abdominal 
folds. The axillae, inguinal regions and cubital fossae 
are also fairly clearly spared. In addition, papulo-
erythroderma differs from ordinary erythroderma, in 
that papulation is prominent (11) and it usually shows 
persisting pruritus. 

Our review of the literature revealed that all of the 9 
patients were male. The causative drugs were various, 
and the duration of their administration varied from 2 
weeks to 10 years, with a mean of 2 years and 3 months. 
A pre-existing eczematous dermatitis before the real 
drug eruption might overestimate the latency period 
of drug intake. Despite the chronic type of dermatitis, 
provocation tests were positive in all 6 patients exami-
ned. Whereas drug patch tests were negative in all 5 
cases tested, the patients’ peripheral blood lymphocytes 
responded well to the culprit drugs in 4 of 5 patients. 
In the patch tests, it is possible that the drugs do not 
sufficiently penetrate through the cornified layer of the 
epidermis, resulting in the discrepancy of the results 
between the patch tests and LTT. Alternatively, the 
strong Th2-skewing response to the drugs might induce 
the lack of contact sensitivity.

This study also provided several important findings 
on the numerical changes in peripheral T-cell popula-
tions upon occurrence of drug-induced papuloerythro-
derma. There have been various findings in the T-cell 
populations responsible for the development of drug 
eruptions in general. Drug-reactive T-cell clones esta-
blished from patients’ blood varies from Th1 and Tc1 
to Th2 cells (12). Th2 cells infiltrate in the skin lesions 
of maculopapular eruption, and β-lactam-specific T 
cells are Th2 cells (6, 7). The predominant circulating 
T-cell populations are Th1 cells in Stevens-Johnson 
syndrome and erythema multiforme, and Th2 cells in 
maculopapular eruption (7). Our study demonstrated 
that Th2 cells are the propagating population in papulo-
erythroderma. This is consistent with the skin infiltration 
of eosinophils as well as eosinophilia in many of the 
cases of drug-induced papuloerythroderma (see Table 
II). However, it should be kept in mind that the increased 
T-cell populations observed here were not necessarily 
T cells reactive with a culprit drug. rather, they might 
include T cells expanding as a result of cytokine burst 
induced by genuine drug-reactive T cells. In addition, 
our patients had high percentages of Tc2 cells. The 
role of Tc2 cells in the pathogenesis of drug-induced 
papuloerythroderma remains speculative. It is possible 

Fig. 3. Percentages of T-cell subsets in patients with drug-induced papuloerythroderma (n = 4). *p < 0.05 compared with normal healthy control (n = 7).
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that they propagated in response to a culprit drug or, 
alternatively, Tc2 cells might merely proliferate as a 
result of the Th2 cytokine-dominant environment.

There appear to be some similarities with drug-indu-
ced hypersensitivity syndrome (DIHS), also known as 
drug reaction with eosinophilia and systemic symptoms 
(DrESS), in the presence of macuopapular rash and 
leukocytosis with eosinophilia (19, 20). However, drug-
induced papuloerythroderma has a different clinical 
course, i.e. gradual occurrence and chronic course of 
the eruptions, whereas DIHS/DrESS shows an acute 
type of eruptions. 

In summary, drug-induced papuloerythroderma is a 
distinct type of drug hypersensitivity mediated by Th2 
cells showing peripheral blood and tissue eosinophilia. 
This type of drug eruption might be overlooked because 
of its chronic course, and it should be remembered 
that not only cutaneous T-cell lymphoma and internal 
malignancies, but also drugs, are causative for papulo-
erythroderma. lymphocyte transformation test is a  
more useful tool than patch test to determine the 
culprit drug in drug-induced papuloerythroderma. 
Papuloerythro derma is also known as manifestation 
of cutaneous T-cell lymphoma (21), which is a Th2 
cell malignancy. It appears, therefore, that Th2 cell 
infiltration is closely associated with the development 
of papuloerythroderma. Further studies are required to 
clarify the pathogenic relationship of Th2 cells with the 
formation of solid papules and sparing of creases. 
The authors declare no conflict of interest.
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