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JIRÔ ARATA,1* TAKESHI HORIO,2 RINZO SOEJIMA,3 AND KENJI OHARA4

Department of Dermatology, Okayama University Medical School, Okayama,1 Department of Dermatology, Kansai
Medical University, Osaka2 Department of Medical Welfare, Kawasaki Medical Welfare University,

Kurashiki,3 and Drug Information Department, Shionogi & Co., Ltd., Osaka,4 Japan

Received 28 January 1998/Returned for modification 25 July 1998/Accepted 10 September 1998

The photosensitivity effect of lomefloxacin hydrochloride (LFLX) was investigated in terms of patient
background factors (sex, age, underlying disease, complications, history, occupation, and residential condition,
etc.), treatment factors (daily dosage of LFLX, duration of treatment, total dose, concomitant drugs, and
previous medication, etc.), and correlations among them. In 100 institutions throughout Japan, 4,284 patients
were enrolled over a period of 2 years, beginning in October 1991, avoiding the accumulation of patients in any
specific season. Since 8 patients did not visit again after enrollment, the clinical records of 4,276 patients were
analyzed. Photosensitivity in 44 patients was found (1.03%), but the symptoms in most patients were not severe
and improved after discontinuation of LFLX treatment. The photosensitivity reaction was more prevalent in
patients who were 60 years of age and older with concomitant diseases and complications, in patients treated
with a total amount of 20 g and more of LFLX for 30 days or longer, and in patients with a history of previous
treatment with quinolone drugs. Although the incidence and degree of the photosensitivity reaction vary
significantly among new quinolone drugs, every quinolone drug is potentially phototoxic. In particular,
long-term use of LFLX should be avoided, and patients taking LFLX should be advised to abstain from
prolonged exposure to sunlight.

Lomefloxacin hydrochloride (LFLX) is a difluoroquinolone
with two fluorine atoms at positions 6 and 8 on the quinolone
ring. LFLX is characterized by a relatively long half-life of 6 to
8 h in circulation and good penetration into tissues after oral
administration (17). During the clinical trials of LFLX before
its commercial release, only one case of a photosensitivity
reaction among 4,488 subjects was reported (24). After LFLX
was first marketed in April 1990, Tozawa et al. (19) reported a
frequent occurrence of photosensitivity reaction in patients on
this drug. To determine the exact incidence of photosensitivity
induced by LFLX, a nationwide, multicenter survey was per-
formed during a period of 2 years. The present study presents
the analysis of clinical records of 4,276 patients treated with
LFLX.

MATERIALS AND METHODS

Patients. One-hundred institutions in a nationwide distribution participated in
this study. Patients with various infections were enrolled during the period from
October 1991 to October 1993. The patients were informed of the potential of
LFLX to lead to phototoxicity. Based on the assumption that the photosensitivity
reaction occurs according to a Poisson distribution, with a true prevalence of
0.3%, approximately 4,000 patients were needed to record at least 10 events of
photosensitivity reaction with a test power of 0.90. The present study was per-
formed in eight divided districts in Japan (Kyushu-Okinawa, Chugoku-Shikoku,
Kinki, Tokai-Hokuriku, South Kanto, North Kanto, Tohoku, and Hokkaido).
The number of patients allotted to each district was based on the amount of
LFLX sold in each district. The average number of patients enrolled in each
institution was set at 60 throughout the study and at approximately 5 per month
to avoid a seasonal bias. Patients with a history of allergy against LFLX and other
quinolones; patients with severe cardiac, hepatic, or renal dysfunction; pregnant
patients; pregnancy-expecting patients; lactating women; and children (patients
who were less than 16 years old) were not enrolled. Main clinical indications for
lomefloxacin included various cutaneous infections, acute and chronic respira-
tory tract infections, bile duct infections, bacterial enteritis, complicated and

uncomplicated urinary tract infections, various oral cavity infections, various
ocular infections, various gynecologic infections, otitis media, and others.

Drug and administration procedure. Lomebact capsules containing 100 mg of
LFLX (Shionogi & Co., Ltd., Osaka, Japan) were used. The drug was adminis-
tered at a daily dose of 100 or 200 mg, two or three times daily. The patients were
informed of the potential of LFLX to induce phototoxicity. The duration of
LFLX treatment depended on the disease being treated and the judgment of the
attending physicians. The period of follow-up after the end of the treatment was
not regulated. The patients were advised to return to the prescribing physicians
if they had a photosensitivity reaction.

Judgment. At the start of administration, skin color (light, usual, or dark),
hobby, occupation, and residential district of each patient were recorded. Usual
skin color in Japanese means a color between white and dark, i.e., slightly
yellowish to slightly brownish. When photosensitive skin lesions developed, se-
verity, involved site of the body, season, situation of exposure to sunlight, relation
to LFLX, treatment, and outcome were recorded. The case file, including pho-
tographs of the skin lesions, etc., of each patient was checked by the evaluation
committee (members, Jirô Arata, Takeshi Horio, and Rinzo Soejima). The
dermatologic diagnosis of photosensitivity reaction was based on the distribution
of lesions (face, neck, arm, and upper chest, etc.) and the nature of the eruption.
Photosensitivity reactions included unusually intense sunburn and various types
of acute dermatitis on exposed areas.

Data analysis. Case records were analyzed by the Drug Information Depart-
ment and Data Analysis Center of Shionogi & Co., Ltd., under the supervision
of the evaluation committee. Factors correlating with a photosensitivity reaction
were divided into patient background factors (sex, age, distinction between in-
and outpatient, infectious disease being treated, other concomitant disease,
complication, history, skin color, hobby, occupation, and residential district, etc.)
and treatment factors (daily dosage of LFLX, daily frequency of administration,
duration of administration, total dose, previous medication, concomitant drugs,
and previous quinolone administration) and were statistically analyzed.

On the basis of the contingency table categorizing presence or absence of a
photosensitivity reaction, patient background factors, and treatment factors, the
hypothesis that patient background factors or treatment factors are independent
of the development of a photosensitivity reaction was tested for each factor.

When a factor had a natural order categorically, the Wilcoxon rank sum test
was used. When a factor was not categorized by order, the chi-square test or the
direct-probability calculation method was used. To visually evaluate and inter-
pret the relationship among factors affecting the development of a photosensi-
tivity reaction, the chi-square automatic interaction detection method (CHAID)
(5) was used. Specifically, analysis was performed by using the presence or
absence of a photosensitivity reaction as the response and patient background
factors or treatment factors as the explanatory variables. The results were sum-
marized with P values. In the interpretation of P values, the significance level was
set at less than 0.05%.
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RESULTS

At the outset of the study, 4,284 patients were enrolled. The
numbers of patients recruited by each center varied from 2 to
120. Because 8 patients did not visit again, 4,276 patients were
evaluated. The numbers of patients varied from 127 to 1,145,
according to districts. A histogram of enrollment by month is
shown in Fig. 1. The patient background factors are presented
in Table 1. The dosages and durations of LFLX treatment are
shown in Table 2.

A photosensitivity reaction was found in 44 patients (1.03%).
The severity was mild in 17 patients (38.6%), moderate in 25
patients (50.8%), and severe in one patient. The eruption disap-
peared after discontinuation of LFLX in 41 patients. One patient
developed a postinflammatory pigmentation. One was lost to
follow-up.

Photosensitivity reactions in patients at 22 of 100 participat-

ing institutions were observed. The 22 institutions were widely
located from Hokkaido to Okinawa. The numbers of patients
with photosensitivity reactions among the 22 institutions were
1 each in 8 institutions, 2 each in 10 institutions, 3 each in 3
institutions, and 7 in 1 institution. During the 2 years of this
survey, two to six cases of photosensitivity were observed
monthly. The incidences were 1.34% (28 of 2,086 cases) in
April through September and 0.73% (16 of 2,190 cases) in
October through March. The incidence was slightly higher in
spring and summer (P 5 0.0498).

The incidence of photosensitivity reactions according to the
category of patient background factors is shown in Table 3.
Photosensitivity occurred in 31 males (1.4%) and in 13 females
(0.6%), the incidence being significantly higher in males (P 5
0.0096). Age distribution was as follows: 3 (0.3%) patients
younger than 40 years of age, 3 (0.2%) patients from 40 to 59
years old, and 38 (2.1%) patients 60 years and older. The
incidence was significantly higher in patients who were 60 years
of age and older (P 5 0.00005). Seven (0.3%) patients had no
concomitant disease, and 37 (1.7%) patients had some con-
comitant systemic disease. The incidence was significantly higher
in patients with some concomitant systemic disease (P 5
0.00005). By occupation, photosensitivity was observed in 9
(5.8%) of 156 agricultural workers, in 5 (1.5%) of 338 other
outdoor workers, in 25 (1.2%) of 2,171 patients without jobs,
and in 5 (0.4%) of 1,329 indoor workers. The incidence among
agricultural workers was significantly higher (P , 0.00005).
The incidence of photosensitivity reaction classified by treat-

FIG. 1. Histogram of patient enrollment by month.

TABLE 1. Background of patients

Factor
No. of patients

Male Female Total (%)

Age (yr)
6–19 67 81 148 (3.5)

20–39 423 530 953 (22.3)
40–59 624 738 1,362 (31.9)
60–79 906 686 1,592 (37.2)
80–97 153 68 221 (5.2)

Treatment category
Urology 1,211 1,225 2,436 (57.0)
Internal medicine/diseases of

respiratory system
409 363 772 (18.1)

Dermatology 142 136 278 (6.5)
Otolaryngology 115 106 221 (5.2)
Orthopedics 90 76 166 (3.9)
Other 206 197 403 (9.4)

Concomitant disease
Absent 868 1,267 2,135 (49.9)
Present 1,305 836 2,141 (50.1)

Outpatient 1,841 1,908 3,749 (87.7)
Inpatient 159 117 276 (6.5)
In-out 173 78 251 (5.9)

Total 2,173 2,103 4,276 (100)

TABLE 2. Dosages of lomefloxacin

Dosage factor
No. of patients

Male Female Total (%)

Daily dose (mg)
100 14 15 29 (0.7)
200 242 251 493 (11.5)
300 950 800 1,750 (40.9)
400 635 705 1,340 (31.3)
600 324 325 649 (15.2)
800 8 7 15 (0.4)

Dosage design (times/day)
1 21 20 41 (1.0)
2 874 951 1,825 (42.7)
3 1,273 1,126 2,399 (56.1)
4 5 6 11 (0.3)

Therapy period (days)
5 3 8 (0.19)

2–4 210 240 450 (10.5)
5–7 636 991 1,627 (38.1)
8–14 716 599 1,315 (30.8)

15–29 312 144 456 (10.7)
30–59 178 65 243 (5.7)
60–89 53 30 83 (1.9)
90–140 63 31 94 (2.2)

Total dose (g)
0.2–1 89 96 185 (4.3)
1.1–3.0 778 1,110 1,888 (44.2)
3.1–5.0 460 423 883 (20.7)
5.1–10.0 499 325 824 (19.3)

10.1–15.0 158 68 226 (5.3)
15.1–20.0 77 41 118 (2.8)
20.1–42.0 112 40 152 (3.6)

Total 2,173 2,103 4,276 (100)
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ment factors is shown in Table 5. Photosensitivity was found in
21 (0.7%) of the patients without any previous medication and
in 23 (2.1%) of the patients with previous medication. The
incidence in patients with some previous medication was sig-
nificantly higher (P 5 0.0001). A history of previous quinolone
administration was found in 8 (3.6%) of 44 patients who de-
veloped photosensitivity. The incidence was significantly higher
in patients with a history of previous quinolone administration
(P 5 0.0001).

First, the result of analysis of the influence of the factors on
the incidence of photosensitivity and of the interaction among
the factors when patient background factors were used as ex-
planatory variables is shown in Fig. 2. Among background
factors, the age factor most strongly affected the development
of photosensitivity, and the incidence in subjects who were 60
years of age and older was high. Among patients who were 60
years of age and older, the incidence of a photosensitivity
reaction was influenced by occupation and underlying disease,
but these factors did not affect the incidence in patients who
were less than 60 years of age. In consideration of these inter-
actions, a profile based on background factors was prepared,
and an image of patients who are more disposed to develop
photosensitivity under LFLX treatment was determined. The
profiles and their incidence based on the background factors in
patients with a high incidence included patients 60 years of age
and older and outdoor workers in 13 cases (6.2%); and patients
60 years of age and older, patients who were indoor workers or
not working, patients with concomitant diseases, and those
living in hilly districts in 15 cases (3.8%).

The influence of treatment factors was analyzed (Fig. 3).
Among treatment factors, the duration of treatment was most
often associated with the occurrence of a photosensitivity re-
action. The incidence was high when patients were treated with
NFLX for 30 days or more. In patients who were treated for
fewer than 15 days or for 15 to 29 days, the incidence of
photosensitivity was related to previous quinolone medication.
This relationship was not found, however, in patients who were
treated for 30 days or more.

Because the age of patients and the duration of treatment
were most associated with the incidence of a photosensitivity
reaction, the incidence was assessed by combining the follow-
ing factors: a contingency table dividing the patients by age
into 60 years and older and into less than 60 years and by
treatment duration into the groups 30 days and more and
fewer than 30 days was prepared, and the incidence of a pho-
tosensitivity reaction in each cell was calculated (Table 4). The
incidence in patients who were 60 years of age and older and
took LFLX for more than 30 days was the highest, i.e., 6.43%
(18 of 280). The incidence in patients who were 60 years of age
and older but took LFLX for fewer than 30 days was 1.30% (20
of 1,533), and that in patients who were aged fewer than 60
years who took LFLX for 30 days and more was 0% (0 of 140).

FIG. 2. Influence of background factors of patients on incidence of photosensitivity to lomefloxacin. p, incidence (number of photosensitivity cases/number of
evaluated cases).

TABLE 3. Incidence of photosensitivity classified by
background factors of patients

Classification

No. of patients
Photosensitivity
incidence (%)Enrolled With

photosensitivity

Sex
Male 2,173 31 1.4
Female 2,103 13 0.6

Age (yr)
6–39 1,101 3 0.3
40–59 1,362 3 0.2
60–97 1,813 38 2.1

Concomitant systemic
disease

Absent 2,135 7 0.3
Present 2,141 37 1.7

Skin color
White 591 5 0.8
Usual 3,161 31 1.0
Dark 518 8 1.5
Unknown 6 0

Occupation
No 2,171 25 1.2
Indoor job 1,329 5 0.4
Outdoor joba 338 5 1.5
Agriculture 156 9 5.8
Others 282 0

Total 4,276 44 1.0

a Excluding agriculture.
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DISCUSSION

Since norfloxacin was first marketed in 1984, several new
quinolones have been developed and are widely used. Their
safety, however, has not yet been fully established. Quinolone-
specific adverse reactions have become common, such as tox-
icity in young animals, dizziness and insomnia, and convulsion

when administered concomitantly with nonsteroidal antiin-
flammatory drugs. A photosensitivity reaction caused by quin-
olones was first reported for nalidixic acid (2, 3, 11). As new
quinolones have become widely used, photosensitivity due to
new quinolones has become prevalent. However, the actual
incidence has not yet been established.

During the clinical trials of lomefoxacin before its commer-
cial release, only one case of a photosensitivity reaction among
4,488 subjects (0.02%) was reported (24). In this case, a patient
on lomefloxacin developed a severe sunburn after ocean fish-
ing. After this drug had been marketed, however, photosensi-
tivity reactions were reported from several institutions (6, 25,
26). Tozawa et al. (19), Department of Urology, Anjo Kosei
Hospital, reported a high incidence, i.e., 5.6% (19 of 338 pa-
tients). Therefore, in addition to the follow-up investigation at
this institution, a nationwide survey of the incidence of photo-
sensitivity due to lomefloxacin was performed.

Among a total of 56,285 patients treated with lomefloxacin
during development of this drug and during a period of 3 years
in a postmarketing survey, photosensitivity was found in only
20 patients (0.04%) (15). Later, Tozawa et al. (20) reported
that when the dosage of LFLX was limited to 400 mg daily in
two divided doses for fewer than 14 days, a photosensitivity
reaction developed in only 1 of 324 patients (0.3%).

There are many reports of photosensitivity due to new quin-
olones. Using mice in vivo, Wagai et al. (22) reported photo-
toxicity of nalidixic acid, enoxacin, ofloxacin, lomefloxacin, and
levofloxacin; Maruya et al. (8) reported phototoxicity of cipro-
floxacin, lomefloxacin, ofloxacin, enoxacin, and norfloxacin;
and Sanchez et al. (14) reported phototoxicity of pefloxacin,
norfloxacin, and ciprofloxacin. Using rats, Masuoka et al. (10)
found phototoxicity of sparfloxacin and nalidixic acid. Aoki et
al. (1) also observed phototoxicity of lomefloxacin, enoxacin,
ofloxacin, norfloxacin, ciprofloxacin, tosufloxacin, nalidixic
acid, sparfloxacin, and fleroxacin in guinea pigs.

Wagai et al. (21), Maruya et al. (8), and Robertson et al. (13)
reported independently that active oxygens are produced upon
UVA irradiation of quinolones and that these active oxygens,
but not photodegradation products, are involved in phototox-
icity. In photoallergy due to quinolone antibacterial drugs,
Yamada et al. (23) demonstrated that ENX can be photoal-
lergic by the adjuvant and strip method. Horio et al. (4) de-
veloped a photoallergic reaction to lomefloxacin and nalidixic
acid in guinea pigs under maximizing conditions with cyclo-
phosphamide pretreatment.

FIG. 3. Influence of treatment factors on incidence of photosensitivity to lomefloxacin. p, incidence (number of photosensitivity cases/number of evaluated cases).

TABLE 4. Incidence of photosensitivity reactions classified
by treatment

Treatment

No. of patients
Photosensitivity
incidence (%)Enrolled With

photosensitivity

Lomefloxacin daily dose
(mg/day)

100 29 0
200 493 5 1.0
300 1,750 22 1.3
400 1,340 14 1.0
600 649 3 0.5
800 15 0

Dosage design
(times/day)

1 41 1 2.4
2 1,825 18 1.0
3 2,399 25 1.0
4 11 0

Concomitant drug
No 1,405 10 0.7
Yes 2,871 34 1.2

Previous medicationa

No 3,174 21 0.7
Yes 1,073 23 2.1
Unknown 29 0

Previous quinolone
administration

No 4,054 36 0.9
Yes 222 8 3.6

Total 4,276 44 1.0

a Any medications other than quinolones and unidentified medications given
during a month prior to the present LFLX treatment.
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Clinically, photosensitivity from all new quinolones has been
reported, although the incidence is markedly different among
drugs. In the postmarketing survey of recently sold sparfloxacin
and fleroxacin, photosensitivity was found in 53 of 10,024 pa-
tients (0.53%) taking sparfloxacin and in 94 patients taking
fleroxacin, although the total number of patients treated with
fleroxacin is not known. For both drugs, the incidence in pa-
tients who were 60 years of age and older and treated for 2 or
more weeks was high (for fleroxacin, Megalocin report issued
by Kyorin Pharmaceutical Co., Ltd. in 1995; for sparfloxacin,
internal postmarketing survey document by Dainippon Phar-
maceutical Co., Ltd.). Photosensitivity was observed in 4 of 190
patients (2.1%) treated with Y-26611 (16), a drug for which
development for clinical use was discontinued during clinical
trials. The U.S. product labeling (Maxaquin) for lomefloxacin
reports a photosensitivity rate of 2.4%. This incidence is higher
than that from our present study. This difference may be at-
tributed to different skin types and different life styles. Matsu-
moto et al. (9) and Marutani et al. (7) reported that photosta-
bility was greatly improved and that phototoxicity was reduced
by introducing a methoxy group at position 8 of the quinolone
ring. Cytotoxicity of the hydrogen and halogen also decreased.
On the basis of these results, it is possible that the photosen-
sitivity reaction is easily caused by new quinolone drugs such as
lomefloxacin, sparfloxacin, fleroxacin, and Y-26611 that have a
fluorine atom at position 8 of the quinolone ring.

The reasons for the higher incidence in patients who were 60
years of age and older are not clear. Because blood levels of
ofloxacin, lomefloxacin, enoxacin, and fleroxacin reportedly
increase with age (12, 18), a higher concentration in the skin
due to this increase might partially explain a higher incidence
of photosensitivity in elderly persons. Elderly persons may stay
longer in the sunshine while walking slowly or sitting on
benches. Longer treatment may increase the probability of sun
exposure. Because quinolones are potentially phototoxic sub-
stances, intense exposure to UV light could induce phototoxic
skin reactions in patients taking these agents. Patients with a
history of receiving a new quinolone may have acquired pho-
toallergy to the new quinolone. In the present study, photo-
sensitivity was more associated with patients with a history of
previous quinolone treatment when the duration of the present
treatment with lomefloxacin was shorter than 30 days in com-
parison to when it was 30 days or longer. It is difficult to
determine, however, whether the photosensitivity observed in
patients taking lomefloxacin was photoallergic or phototoxic.
Patients taking lomefloxacin should be advised to avoid exces-
sive exposure to sunlight. Moreover, the duration of lomefloxa-
cin treatment should be short.
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