
Low-Dose Hydroxychloroquine is as Effective as Phlebotomy in
Treatment of Patients with Porphyria Cutanea Tarda

Ashwani K. Singal, MD1,2,3, Csilla Kormos-Hallberg, MD1, Chul Lee, PhD1, V.-M.
Sadagoparamanujam, PhD1, James J. Grady, DrPH1,4, Daniel H. Freeman Jr., PhD1, and
Karl E. Anderson, MD1,2

1Departments of Preventive Medicine and Community Health, the University of Texas Medical
Branch, Galveston, Texas, USA
2Departments of Internal Medicine, the University of Texas Medical Branch, Galveston, Texas,
USA

Abstract
Background & Aims—Porphyria cutanea tarda (PCT) is an iron-related disorder caused by
reduced activity of hepatic uroporphyrinogen decarboxylase (UROD); it can be treated by
phlebotomy or low doses of hydroxychloroquine. We performed a prospective pilot study to
compare the efficacy and safety of these therapies.

Methods—We analyzed data from 48 consecutive patients with well-documented PCT to
characterize susceptibility factors; patients were treated with phlebotomy (450 mL, every 2 weeks
until they had serum ferritin levels of 20 ng/mL) or low-dose hydroxychloroquine (100 mg orally,
twice weekly, until at least 1 month after they had normal plasma levels of porphyrin). We
compared the time required to achieve a normal plasma porphyrin concentration (remission, the
primary outcome) for 17 patients treated with phlebotomy and 13 treated with
hydroxychloroquine.

Results—The time to remission was a median 6.9 months for patients that received phlebotomy
and 6.1 months for patients treated with hydroxychloroquine treatment (6.7 and 6.5 months for
randomized patients), a difference that was not significant (Log Rank P=.06 and P=.95,
respectively). The sample size was insufficient to confirm noninferiority of hydroxychloroquine
treatment (hazard ratio [HR], 2.19; 95% confidence interval [CI], 0.95–5.06) for all patients.
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Patients that received hydroxychloroquine had substantially better compliance. There were no
significant side effects of either treatment.

Conclusions—Hydroxychloroquine, 100 mg twice weekly, is as effective and safe as
phlebotomy in patients with PCT, although noninferiority was not established. Given these results,
higher-dose regimens of hydroxychloroquine, which have more side effects, do not seem justified.
Compliance was better and projected costs were lower for hydroxychloroquine than phlebotomy
treatment. Long-term studies are needed to compare durability of response.
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INTRODUCTION
Porphyria cutanea tarda (PCT), the most common porphyria, is due to inhibition in the liver
of, uroporphyrinogen decarboxylase (UROD), the fifth enzyme in the heme biosynthetic
pathway, to less than ~20% of normal, and accumulation of highly carboxylated
porphyrinogens as the corresponding oxidized porphyrins.1 These are photoactivated with
production of reactive oxygen species that damage the skin, causing increased friability and
blistering. A uroporphomethene inhibitor of UROD has been isolated from the liver of mice
with biochemical features of PCT.2 Hepatic siderosis is found in up to 90% of cases, and a
normal or increased amount of iron is necessary for PCT to develop in humans or laboratory
rodents.1, 3–8 PCT is heterogeneous in terms of multiple susceptibility factors found in
individual patients.9

PCT responds readily to treatment either by repeated phlebotomy or a low dose regimen of a
4-aminoquinoline antimalarial – either hydroxychloroquine or chloroquine.1 Many
uncontrolled studies have demonstrated efficacy for phlebotomies.10–16 The recommended
approach is to remove a unit of whole blood (450 ml) at 2-week intervals until the ferritin
level reaches ~20 ng/mL;17, 18 with most patients requiring 5–8 phlebotomies to achieve
remission.10, 19 Disadvantages include expense, discomfort, inconvenience, syncope, venous
access problems and the need to monitor serum ferritin to avoid iron deficiency anemia from
too many phlebotomies or incomplete remission from too few.

4-Aminoquinoline antimalarials were found to cause hepatotoxicity and increases in
photosensitivity and porphyrin excretion in PCT, followed by complete remission.20–23

Low-dose regimens, usually 125–250 mg chloroquine or 100–200 mg of
hydroxychloroquine twice weekly, were found to be effective and avoided these transient
adverse effects.19, 24–32 Advantages include low cost, convenient oral dosing and fewer
clinic visits. However, the rationale and mechanism of action of these drugs are not
established, their use for this indication is off-label, suitable dosage forms are not available,
tablets are not scored for division, and it is not established how treatment should be
monitored and when it should be stopped. Potential hepatotoxicity and retinal damage with
prolonged use and hemolysis particularly in patients with glucose-6- phosphate
dehydrogenase (G6PD) deficiency are also concerns.1

These drugs may interact with the large amounts of porphyrins stored in acidic hepatocyte
organelles such as lysosomes resulting in their release into plasma.33 Other postulated
mechanisms such as inhibition of hepatic δ-aminolevulinate synthase activity and increased
urinary iron excretion34–36 are less plausible. These drugs are avoided in patients with
severe liver damage or advanced renal insufficiency, in the latter because the excess
porphyrins released into plasma are not effectively dialyzed. Hydroxychloroquine may have
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fewer side effects than chloroquine and is more widely used for other treatment
indications.37

Few studies have compared the safety and effectiveness of these treatments
prospectively,19, 26 and none have compared compliance, to our knowledge. We designed an
unblinded pragmatic trial comparing these two therapies in achieving the clear biochemical
endpoint of a normal plasma porphyrin concentration. The study enrolled all patients seen
with PCT at this center over a 4 year period, with randomization when appropriate criteria
were met.

METHODS
Study design

This unblinded study was approved by the Institutional Review Board and conducted at the
Institute for Translational Science Clinical Research Center (ITS-CRC) at UTMB, with
written informed consent from all subjects. All authors had access to the study data and
reviewed and approved the final manuscript. Diagnostic criteria were: a) typical friability
and blistering lesions affecting sun-exposed areas, b) elevated plasma porphyrins (>0.9 mcg/
dL) and a fluorescence emission peak at 618–620 nm in plasma diluted at neutral pH,38 c)
elevated urinary porphyrins (>300 nmol/L, nmol/24h or nmol/g creatinine) and d) increases
in highly carboxylated porphyrins in urine or plasma. Other porphyrias were excluded.
Biochemical testing was carried out by the Porphyria Laboratory at the University of Texas
Medical Branch (UTMB).39

Subjects were assessed for the following susceptibility factors: a) alcohol use b) smoking, c)
use of estrogens, d) HCV infection, e) HFE mutations, f) HIV infection and g) UROD
mutations (determined by the Porphyria Center at Mount Sinai Medical Center, New York,
NY).40

Randomization
Eligible patients were randomized to treatment in blocks of 6. Contraindications to
randomization included refusal, or a contraindication or poor tolerance to either treatment in
the past. Contraindications for hydroxychloroquine including those found in product
labeling were: lactation, pregnancy, psoriasis, retinal disease, G6PD deficiency, recent and
continued use of hepatotoxic drugs, serum bilirubin >3mg/dL, serum alanine
aminotransferase >200 U/L, or institutional normalized ratio (INR) >1.4, serum creatinine
#x0003E;3 mg/dL, serum ferritin >600 ng/mL, or greater 0than the upper limit of normal in
the presence of homozygous or compound heterozygous HFE mutations. PCT patients with
hemochromatosis are reportedly resistant to chloroquine,41 and are more appropriately
treated by phlebotomy, considering other adverse effects of iron overload. Specific
contraindications for phlebotomy included: hemoglobin <10 g/dL or hematocrit of <33, and
poor venous access. Nonrandomized patients were assigned to the more appropriate of the
two treatments. Patients were advised to avoid alcohol, smoking, iron supplements and
estrogens according to standard care for PCT.

Hydroxychloroquine treatment
Patients were instructed to take 100 mg hydroxychloroquine twice weekly, and record doses
on an intake sheet. Hydroxychloroquine sulfate (Plaquenil®) 200 mg tablets (the smallest
available dose form) were halved by the UTMB Pharmacy and verified to be within a range
of 85–115% of the intended 100 mg. The intake sheet and remaining half tablets were
examined at each visit.
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Repeated phlebotomy
At 2-week intervals, ~450 ml of whole blood were removed at the UTMB Blood Bank or
sometimes at other sites for patient convenience. Hemoglobin or hematocrit was measured
prior to each phlebotomy, and phlebotomy postponed if the hemoglobin level was <10 g/dL
or hematocrit was less than 33. Compliance was determined at each visit and from Blood
Bank reports.

Study visits
Patients were asked to return every 2 weeks at least until biochemical remission. Symptoms
and physical findings were recorded and blood and urine samples obtained for plasma and
urine porphyrins, blood counts, metabolic panel, ferritin, and a pregnancy test (monthly for
women with reproductive potential treated with hydroxychloroquine). Serum HCV RNA
(IU/L) and urinary iron excretion (collected in metal-free plastic tubes) were measured in
some patients; it has been suggested that hydroxychloroquine might mobilize iron and
increase its urinary excretion.35

Treatment outcomes
The primary outcome was time to achieving a biochemical remission of PCT, defined as a
normal total plasma porphyrin concentration (<0.9 mcg/dL). Secondary outcomes included
times to intermediate (50% and 75%) reductions in plasma porphyrins, and to normal urine
porphyrins, proportion of patients achieving biochemical remission at 3, 6, and 12 months,
and tolerability and safety of phlebotomy and hydroxychloroquine. Time to clinical
remission (absence of new skin lesions) was quite variable and difficult to assess because
skin friability predisposing to blister formation recovers slowly after porphyrins become
normal. Hydroxychloroquine was discontinued when the plasma porphyrin concentration
remained normal for at least one month. The endpoint for phlebotomy was achieving a
serum ferritin of 20 ng/mL.

Safety assessments
Safety evaluations at each study visit included questions for known side effects per
hydroxychloroquine product labeling including sensory changes, weakness and visual
symptoms, and laboratory assessments noted above. Ophthalomogical examations were
scheduled before, at 3 and 6 months and at the end of hydroxychloroquine treatment.42

Data analysis—Demographic, clinical characteristics and susceptibility factors were
compared in randomized and nonrandomized patients and the 2 treatment groups.
Continuous and categorical variables were assessed using Student’s t and chi-square tests
respectively. Kaplan-Meier survival curves were compared for time to primary and
secondary outcomes. Unadjusted Cox proportional hazard models were built to compare the
times to treatment outcomes. Cox proportional hazard regression analyses models were built
to study effects of demographics, susceptibility factors, baseline ferritin and plasma and
urine porphyrins on the unadjusted HR on the comparison of the two treatments. Primary
and secondary survival outcomes as well as categorical secondary outcomes were analyzed
statistically using tests of non-inferiority.

Sample Size and Power
We assessed power for a noninferiority study with ~30 patients per group using nQuery
Advisor® Version 7.0. We estimated about 95% of patients treated with phlebotomy would
achieve remission within 4 months, and considered that hydroxychloroquine (test treatment)
would be noninferior to phlebotomy (standard treatment) if at least 85% of
hydroxychloroquine-treated patients achieved remission within 5 months. With 30 subjects
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in each group, the observed two-sided 95.0% confidence interval is expected to lie between
−0.35 and 0.20 with 82% power when the phlebotomy proportion is 0.95 and the test
treatment expected proportion is 0.85; results are based on 2000 simulations using the
Newcombe-Wilson score method to construct the confidence interval.43

RESULTS
Treatment assignment

Forty-eight patients who met the inclusion criteria were enrolled and assigned to treatment.
Twenty-one patients, a smaller number than expected, were eligible for randomization; 10
were randomized to phlebotomy and 11 to hydroxychloroquine (Figure 1). Twenty-seven
patients did not meet criteria for randomization; 22 were assigned to phlebotomy and 5 to
hydroxychloroquine (Figure 1). Reasons for assignment to phlebotomy were high serum
ferritin (12 patients), preference (6 patients), already started phlebotomies (3 patients) and
advanced renal disease (1 patient). Reasons for hydroxychloroquine rather than phlebotomy
were anemia due to HIV or treatment of hepatitis C (started before onset of PCT), poor
venous access, dislike of blood draws and living at a distance where phlebotomies were not
easily arranged (1 patient for each).

Characteristics of evaluable patients
Treatment efficacy in terms of time to achieving remission, defined as a normal plasma
porphyrin concentration, could be assessed in 30 patients (17 randomized and 13 not
randomized, Figure 1). Time to remission could not be determined in 18 patients, one of
whom died of heart disease before treatment was started, 13 were insufficiently compliant in
providing samples, and 4 had incomplete remissions (Figure 1).

Demographic features, clinical characteristics and susceptibility factors for the 30 evaluable
patients (Table 1) were not significantly different from the 16 patients who were not
evaluable (not shown). Further, baseline characteristics among the 30 evaluable patients
were not significantly different in those randomized and not randomized. Most patients were
middle aged Caucasian males. Duration of current symptoms and number of prior episodes
of PCT were similar in patients treated by phlebotomy and hydroxychloroquine. Ten (6
randomized, 4 nonrandomized) had previous episodes of PCT (1 in 6 patients and 2 or more
in 4; all previously treated by phlebotomy.

Multiple susceptibility factors for PCT were present in these 30 evaluable patients; alcohol
use, smoking, and hepatitis C (26 genotype 1 and one genotype 2) were the most common
(Table 1). Among 20 patients with HFE mutations, 4 were C282Y heterozygotes, 9 were
H63D heterozygotes, 1 was a S65C heterozygote, 4 were C282Y/H63D compound
heterozygotes, 2 were H63D homozygotes and none were C282Y homozygotes. Two
patients had UROD mutations, and therefore had type 2 (familial) PCT.

Comparison of times to remission
Median time to remission in all 30 evaluable patients (Figure 1) was somewhat shorter with
hydroxychloroquine than phlebotomy (6.1 vs. 6.9 months; Log rank P=0.06; Figure 2), and
similar in the 17 randomized patients (6.5 vs. 6.7 months; Log Rank P=0.95, Figure 3).
Because the differences were not within the prespecified noninferiority margins for the CI
on the HRs of 0.67 and 1.50, noninferiority could not be confirmed. Differences in times to
intermediate endpoints (50 or 75% reduction in plasma porphyrins or normalization of total
urinary porphyrin concentrations (Table 2), and the proportion achieving normal plasma
porphyrin concentrations at 3, 6, and 12 months (not shown) were also not significant.
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Duration of treatment
Treatment consisted of a median number of 6 phlebotomies per patient (range 3–18 for 17
patients) and a median dose of 6.7 grams (67 twice-weekly 100 mg doses) of
hydroxychloroquine per patient (range: 1.77–10.7 grams for 13 patients). Because
hydroxychloroquine continued for at least one month after normalization of plasma
porphyrin concentration whereas phlebotomies were stopped before plasma porphyrins
became normal, it is not surprising that the duration of treatment was more than twice as
long with hydroxychloroquine (median 8.3 vs. 2.8 months for all and 8.7 vs. 2.8 months for
randomized patients).

Treatment compliance
Noncompliance in the 30 evaluable patients, as measured by days of interruption of the
treatment schedule, was 3.4±6.7 (range 0–25) days for hydroxychloroquine and 30.4±51.3
(range 0–155) days for phlebotomy; P=0.08. Treatment duration was longer in the 6 patients
with more than 20 days of noncompliance than in the 24 with better compliance (8.8±3.3 vs.
5.0±3.4 months; P=0.023) indicating, as would be expected, that noncompliance lengthens
the duration of treatment needed to achieve remission.

Effects on serum ferritin and iron excretion
Serum ferritin decreased significantly with phlebotomy, as expected, but not in patients
treated with hydroxychloroquine (not shown). Urinary iron excretion was assessed at each
visit in 22 patients, with particular attention to the 14 day visit, which was after the first
phlebotomy and 1–3 days after the fourth hydroxychloroquine doses. For 10 patients treated
with hydroxychloroquine, urinary iron was 0.047±0.028 mcg/mg of creatinine (mean±SD)
before and 0.043±0.045 during treatment. For 12 patients treated with phlebotomy, urinary
iron was 0.231±0.305 mcg/mg of creatinine before and 0.247±0.421 during treatment.
Repeated measures analysis did not show statistically significant effects of either treatment.

Effects on hepatitis C virus RNA levels
No patients were started on treatment for hepatitis C during the study, since initial treatment
of PCT is preferred. But hepatitis C treatment had been initiated elsewhere in one patient
before he developed skin lesions. He was not randomized, due to anemia, and was treated
successfully for PCT with hydroxychloroquine while treatment for hepatitis C continued.
HCV RNA was measured at baseline and during the first 110 days of starting treatment in
10 patients treated with hydroxychloroquine and 13 treated with phlebotomy. In the
hydroxychloroquine patients these titers decreased from 891,938±13,578 (mean±SD) to
481,540±459,642 IU/l (P=0.07 by repeated measures ANOVA adjusting for treatment
duration – median 60 days, range 30–76 days) and in the phlebotomy patients from
2,035,289±2,275,985 to 1,482,932±1,254,800 IU/l (P=0.19, median duration 43 days, range
21–110 days,).

Safety
No patient required discontinuation of treatment due to adverse effects, intolerance of
treatment, development of an exclusion criterion, or withdrawal of consent. One patient died
of an AIDS-related infection during treatment with hydroxychloroquine, a second died of
heart disease before treatment was started, and 3 patients were hospitalized for unrelated
conditions. Light flashes were more common with hydroxychloroquine among all patients,
but not among randomized patients; multiple comparisons of other symptoms were not
significantly different (not shown). ALT increased more than 50% above baseline in one
patient on each treatment. Baseline and follow up retinal examinations in 13 patients
assigned to hydroxychloroquine showed no abnormal findings.
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DISCUSSION
This pragmatic clinical trial compared two standard therapies for PCT and enrolled all
patients seen at this center over a 4-year period. Patients were randomized if appropriate
criteria were met. Susceptibility factors and demographic characteristics (Table 1) were
balanced in the two treatment groups and in those randomized and not randomized.
Treatment procedures were the same as in standard management of PCT at this center,
except that clinic visits were scheduled at regular 2-week intervals, treatment and visits were
at no cost, and travel costs were reimbursed.

Twenty-one of the 48 patients were randomized (Figure 1). The other 27 had specified
contraindications to either therapy or declined randomization (see Results for details). This
experience suggests that approximately half of PCT patients in current clinical practice may
be eligible for and be willing to consent to either of these standard therapies, and half are
likely to have a medical indication or preference for one therapy, most commonly
phlebotomy.

Time to achieving a normal plasma porphyrin concentration was evaluable in 30 patients
and this measure of biochemical remission was not significantly different for the two
treatments, considering all patients (Figure 2) or the 17 randomized patients (Figure 3).
Times to other endpoints (see Results) were also not significantly different (Table 2).
Therefore, a clinically significant difference in time to remission with these treatments is
unlikely, but larger studies will be needed to confirm noninferiority.

Overall treatment outcomes were consistent with many previous reports supporting efficacy
of both treatments (see Introduction). Thirty patients achieved a normal plasma porphyrin
concentration, and only 4 patients with adequate numbers of observations (2 on each
therapy) did not (Figure 1). Substantial but partial reductions in plasma porphyrins occurred
in 3 of these patients. Incomplete remissions were associated with continued estrogen, a
known susceptibility factor44 (1 patient treated with hydroxychloroquine), or carisoprodol,
an inducer of hepatic heme (and porphyrin) synthesis,45 for chronic back pain (2 patients
treated by phlebotomy). The fourth patient with HIV infection, anemia and concurrent
treatment with antiretroviral drugs, did not improve with hydroxychloroquine and died of an
AIDS-related infection. We could not assess effects of iron overload because a serum
ferritin >600 ng/mL excluded patients from hydroxychloroquine and, by chance, none of our
patients were homozygous for the C282Y HFE mutation, which is reported to confer poor
response to hydroxychloroquine.41 Both treatments were found to be safe, with no
significant treatment-related adverse effects (see Results).

Eighteen patients were excluded from the time to remission analysis, due to noncompliance
with visits (13 patients), because remission was not achieved (4 patients, discussed above) or
death (before treatment, 1 patient). Exclusion for noncompliance was more common with
phlebotomy (12 of 22 patients) than hydroxychloroquine (1 of 16 patients, Figure 1). Even
in the 30 evaluable patients, noncompliance during treatment was much greater with
phlebotomy than hydroxychloroquine (30.4±51.3 and 3.4±6.7 days per patient, respectively,
P=0.08), and lengthened treatment duration (see Results). Therefore, compliance with
regularly scheduled phlebotomies was often difficult, even when provided at no expense and
with reimbursements for travel.

We estimate that hydroxychloroquine treatment is considerably less expensive than
phlebotomy (Table 3). Hydroxychloroquine treatment would require fewer visits in clinical
practice than during this study, but a pretreatment ophthalmological examination adds to
treatment costs. Although costs to the patient might be lower at some other medical
facilities, it is likely that costs to all parties are comparable across the U.S.
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The lowest doses of 4-aminoquinolines previously used for PCT have been 125 mg of
chloroquine or 100 mg for hydroxychloroquine, as in this study, twice weekly.19, 24–29, 31, 32

Somewhat higher doses 30, 35, 46 are reported as safe and effective and would not require
dividing the lowest available dosage forms; much higher doses and dose-escalation regimens
have been used 47–51. However, our finding that 100 mg of hydroxychloroquine twice
weekly was generally equivalent to phlebotomy in terms of time to remission, and evidence
that hepatotoxic and other adverse effects of 4- aminoquinolines are dose-dependent,50, 51

supports the use of this lower dose regimen and avoiding possibly greater risks from higher
doses. But measurement intervals were not optimal for detecting short term elevations in
liver chemistries. Therefore, further studies assessing short and long term effects of
hydroxychloroquine treatment even at this dose level in PCT are needed. Whether relapse
rates are different after discontinuing hydroxychloroquine when plasma porphyrin levels are
normal for at least one month, as in this study, or after an arbitrary treatment period such as
one year26 is also not known.

Strengths of this prospective, pragmatic study include enrollment of a complete cohort of
well characterized patients seen at a single center, randomization when specific criteria were
met, comparable features of randomized and nonrandomized patients, use of a clear target
for comparing efficacy, and consideration of susceptibility factors, compliance, cost and
convenience in comparing these treatments. Limitations include fewer than expected
patients who could be randomized and more than expected who were noncompliant with
visits, which precluded establishing whether hydroxychloroquine is noninferior to
phlebotomy. An expanded multicenter study comparing these treatments is planned through
the Porphyrias Consortium, which is part of the NIH-funded Rare Disease Clinical Research
Network (http://rarediseasesnetwork.epi.usf.edu/index.htm) to establish whether use of
hydroxychloroquine is justified for a greater proportion of patients with PCT.
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UROD uroporphyrinogen decarboxylase

PCT porphyria cutanea tarda

HCV hepatitis C virus

HIV human immunodeficiency virus

UTMB University of Texas Medical Branch

G6PD glucose-6-phosphate dehydrogenase

HR hazard ratio

CI Confidence interval.
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Figure 1.
Enrollment, assignment to treatment with or without randomization of 48 study patients with
porphyria cutanea tarda, and inclusion of the 30 patients who achieved a normal plasma
porphyrin concentration in the analysis comparing time to remission with phlebotomy and
low dose hydroxychloroquine.
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Figure 2.
Cumulative probability of time to remission, defined as achieving a normal plasma
porphyrin concentration, of 30 patients with porphyria cutanea tarda treated by phlebotomy
(n=17, black line) or low-dose hydroxychloroquine (n=13, gray line). The median time to
remission was somewhat shorter with hydroxychloroquine than with phlebotomy [6.1 vs. 6.9
months; Log Rank P=0.06]
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Figure 3.
Cumulative probability of time to remission of 17 patients with porphyria cutanea tarda
randomized to treatment by phlebotomy (n=7, black line) or low-dose hydroxychloroquine
(n=10, gray line). The median time to remission was similar with hydroxychloroquine and
with phlebotomy [6.5 vs. 6.7 months; Log Rank P=0.95].
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