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Abstract
Background—Hydroxyurea is the only approved drug for treatment of sickle cell disease.

Objective—To synthesize the published literature on the efficacy, effectiveness, and toxicity of
hydroxyurea when used in adults with sickle cell disease.

Data Sources—MEDLINE, EMBASE, TOXLine, and CINAHL were searched through 30 June
2007.

Study Selection—Randomized trials, observational studies, and case reports evaluating efficacy
and toxicity of hydroxyurea in adults with sickle cell disease, and toxicity studies of hydroxyurea
in other conditions that were published in English.

Data Extraction—Paired reviewers abstracted data on study design, patient characteristics, and
outcomes sequentially and did quality assessments independently.

Data Synthesis—In the single randomized trial, the hemoglobin level was higher in
hydroxyurea recipients than placebo recipients after 2 years (difference, 6 g/L), as was fetal
hemoglobin (absolute difference, 3.2%). The median number of painful crises was 44% lower than
in the placebo group. The 12 observational studies that enrolled adults reported a relative increase
in fetal hemoglobin of 4% to 20% and a relative reduction in crisis rates by 68% to 84%. Hospital
admissions declined by 18% to 32%. The evidence suggests that hydroxyurea may impair
spermatogenesis. Limited evidence indicates that hydroxyurea treatment in adults with sickle cell
disease is not associated with leukemia. Likewise, limited evidence suggests that hydroxyurea and
leg ulcers are not associated in patients with sickle cell disease, and evidence is insufficient to
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estimate the risk for skin neoplasms, although these outcomes can be attributed to hydroxyurea in
other conditions.

Limitation—Only English-language articles were included, and some studies were of lower
quality.

Conclusion—Hydroxyurea has demonstrated efficacy in adults with sickle cell disease. The
paucity of long-term studies limits conclusions about toxicity.

Sickle cell disease, which affects nearly 100 000 persons in the United States (1), decreases
life expectancy by 25 to 30 years (2) and causes great morbidity (3). It is a group of
disorders characterized by sickling of erythrocytes when they are deoxygenated due to a
mutation in the B globin gene of hemoglobin. The sickled erythrocytes obstruct blood
vessels and disrupt endothelial cell function, leading to tissue hypoxia and clinical
complications. The erythrocytes have a markedly short life span, leading to anemia and
release of free hemoglobin into the circulation, which is also injurious to the endothelium.
Patients with sickle cell disease have both chronic and episodic pain and reduced quality of
life (4). Painful crisis is the most common reason for emergency department use (5); life-
threatening complications include the acute chest syndrome and stroke.

Until the U.S. Food and Drug Administration approved hydroxyurea for the treatment of
adults with sickle cell disease, most therapies were supportive (episodic red blood cell
transfusions, narcotics, antibiotics, and intravenous fluids); no approved therapies were
available to modify the underlying pathophysiology of the disease. Hydroxyurea remains the
only approved disease-modifying therapy, although repeated transfusions of red blood cells
can greatly decrease disease severity and hematopoietic stem cell transplantation can cure it.
The efficacy of hydroxyurea in the treatment of sickle cell disease is generally attributed to
its ability to increase fetal hemoglobin (α2γ2). However, the mechanisms by which this
occurs are unclear, and other mechanisms may account for the clinical benefit of this agent.
The National Heart, Lung, and Blood Institute issued recommendations for the use of
hydroxyurea in sickle cell disease in 2002 (6).

To clarify the role of hydroxyurea in the treatment of patients with sickle cell disease and to
improve physician adherence to recommendations regarding its use, the National Institutes
of Health Office of Medical Applications of Research commissioned a systematic review to
summarize the available data on the efficacy, effectiveness, toxicity, and barriers to the use
of hydroxyurea in people with sickle cell disease. We present the results of our systematic
review. In addition, to evaluate the long-term adverse effects of hydroxyurea, we report on
the toxicity of this drug in exposed individuals without sickle cell disease. The specific
questions that the Office of Medical Applications of Research asked us to address were:

1. What is the efficacy of hydroxyurea treatment for patients with sickle cell disease?

2. What is the effectiveness of hydroxyurea treatment for patients with sickle cell
disease?

3. What are the short- and long-term harms of hydroxyurea treatment?

4. What are barriers to the use of therapies that increase fetal hemoglobin, to the use
of well-established therapies for disease management, and to the use of bone
marrow transplantation for sickle cell disease?

The fourth question will be addressed in a separate report.

Methods
A detailed evidence report (7) describes fully the methods we used in our systematic review.
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Data Sources
We searched MEDLINE, EMBASE, TOXLine, and CINAHL through 30 June 2007. We
also reviewed reference lists and discussed search results with experts. All searches were
limited to English-language publications describing treatment of humans. We excluded
review articles from the searches (Appendix Table 1, available at www.annals.org). We
defined efficacy trials as those showing a therapeutic effect of an intervention in an ideal
setting, such as a clinical trial. We defined effectiveness studies as those showing a
therapeutic effect of an intervention as demonstrated or observed in patients in their usual
care setting.

Study Selection
For evidence of efficacy and effectiveness of hydroxyurea in adults with sickle cell disease,
we included randomized, controlled trials (RCTs), cohort studies with a control population,
and before-and-after studies. For evidence of toxicity, we included RCTs; cohort studies
with a control population; before-and-after studies; and case reports, a weaker form of
evidence. We included studies of children with sickle cell disease only if leukemia or
lymphoma was described.

We knew that data on the long-term harms of hydroxyurea in individuals with sickle cell
disease would be limited. Therefore, to describe all that is known about the long-term harms
of hydroxyurea, we included indirect evidence from studies enrolling patients treated with
hydroxyurea for other diseases (largely essential thrombocythemia, polycythemia vera,
psoriasis, HIV, and chronic myelogenous leukemia). We included RCTs, cohort studies with
a control population, before-and-after studies, case reports, and large case series (≥100
patients with diseases other than chronic myelogenous leukemia).

Two reviewers independently reviewed titles and abstracts for eligibility.

Data Extraction
A single reviewer abstracted data, and a co-investigator verified accuracy. Reviewers were
not masked to the articles’ authors, institutions, or journal (8). Differences of opinion were
resolved through discussion.

For all studies except case reports, reviewers extracted information on general study
characteristics, participant characteristics, and efficacy and toxicity outcomes. Case reports
were abstracted by using a separate form to record disease, participant age, reported adverse
events, and causality according to the World Health Organization’s causality assessment
instrument (9).

Quality Assessment
We assessed the quality of the included RCTs by using the scoring system developed by
Jadad and colleagues (10). To assess quality of the observational studies, we developed a
form to identify key elements that should be described in reports of observational research,
as advocated by leaders in the field (11–13). For our quality assessment of surveys, we
adapted information from the study by Ratanawongsa and associates (14). The quality
assessments were done independently by paired reviewers. For the RCTs, a third reviewer
reconciled the findings of the first 2 reviewers. For the other study designs, the results of the
2 reviewers were averaged.
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Data Synthesis
We created detailed evidence tables with information extracted from eligible studies. We did
not quantitatively pool the data for any of the outcomes because there were few RCTs. The
substantial qualitative heterogeneity among the observational studies made pooling these
studies problematic. We explored graphically the relationship across studies between
potential predictors of response (age, mean corpuscular volume, sample size, change in
leukocyte count) and the change in fetal hemoglobin. We considered the evidence about
efficacy and effectiveness together because the observational studies were not easily
categorized as efficacy or effectiveness studies.

Grading of Evidence
We graded the quantity, quality, and consistency of the evidence by adapting an evidence
grading scheme recommended by the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) Working Group (15) and modified in the Evidence-
based Practice Center manual (16). In this system, the grade of evidence depends on the
required domains and not on the number of studies; consistency, directness, and precision
are considered to be more informative than number of studies. If an outcome was evaluated
in 1 or no RCTs, we also based our evidence grade on the best available nonrandomized
trials or observational studies. We assessed the quality and consistency of the evidence by
evaluating the risk for bias in the studies (as indicated by the study quality scores), the
directness with which the data addressed the study question, and the precision and strength
of the findings within individual studies. For each outcome of interest, 2 investigators
graded the strength of the evidence for each question and all investigators then reached
consensus.

The results from case reports were used as additional evidence of directness in our grading
of toxicity. We graded the case reports according to the World Health Organization’s
Collaborating Center for Drug Monitoring (9, 17). This method (Appendix Table 2,
available at www.annals.org) uses 4 criteria to evaluate the case reports and determines from
these criteria how strong the causal relationship is between the drug and the described
toxicity. We determined from the body of case reports a level of causality based on the
number of case reports and the strength of the causal relationships.

Role of the Funding Source
This topic was nominated by the National Institutes of Health Office of Medical
Applications of Research and selected by the Agency for Healthcare Research and Quality
for systematic review by an Evidence-based Practice Center. A representative from the
Agency for Healthcare Research and Quality served as a Task Order Officer and provided
technical assistance during the conduct of the full evidence report and provided comments
on draft versions of the full evidence report. The Agency for Healthcare Research and
Quality did not directly participate in the literature search; determination of study eligibility
criteria; data analysis or interpretation; or preparation, review, or approval of the manuscript
for publication.

Results
We identified 12 550 citations potentially relevant to these questions. An additional 5
articles were found by hand-searching, and we excluded 3191 duplicate citations. During the
process of title, abstract, and article review, we eliminated studies that did not meet our
criteria, leaving 246 articles for review (Figure).
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Is Hydroxyurea Efficacious and Effective for Adults with Sickle Cell Disease?
A single RCT, the MSH (Multicenter Study of Hydroxyurea for Sickle Cell Anemia), tested
the efficacy of hydroxyurea in adults with sickle cell disease (18). We identified 6 other
articles associated with this trial (sub-studies or follow-up studies) (19 –24). The MSH was a
high-quality, multicenter trial enrolling 299 adults with a mean age of 30.5 years. Almost all
patients (n = 295) had sickle cell anemia; the remainder had hemoglobin Sβ0 thalassemia or
hemoglobin Sβ+ thalassemia. Patients in the study received the maximum tolerated dose
(that limited by toxicity) or a maximum dose of 35 mg/kg daily. The primary end point was
a reduction in the frequency of painful crises. The investigators included several secondary
end points for which they used a more stringent standard for determining significant
differences between groups (P ≤ 0.01) (25) (Table 1).

The significant hematologic effects of hydroxyurea after 2 years included a small mean
increase in total hemoglobin level of 6 g/L relative to placebo recipients and a moderate
absolute increase in fetal hemoglobin of 3.2% (Table 2). The median number of painful
crises was 44% lower among persons receiving hydroxyurea (2.5 vs. 4.5 per year; P <
0.001), and the time to the first painful crisis was 3 months compared with 1.5 months (P <
0.01). The hydroxyurea group had fewer episodes of the acute chest syndrome (25 vs. 51; P
< 0.001) and fewer patients who required transfusions (55 vs. 79; P = 0.002) compared with
the placebo group, but no significant differences in deaths, strokes, or hepatic sequestration
were observed (19). In the long-term follow-up study, which followed patients for a median
of 7 years, mortality rates were 40% lower (P = 0.04) while patients were receiving
hydroxyurea (1.5 deaths per 3-month period) compared with no hydroxyurea (2.6 deaths per
3-month period) (24). However, long-term mortality, when analyzed by initial treatment
assignment, was similar for patients randomly assigned to hydroxyurea (3.1 per 100 person-
years) and those assigned to placebo (3.6 per 100 person-years). Rates of stroke, sepsis, and
renal and hepatic failure were also similar between the 2 groups.

The MSH also evaluated costs and quality of life. Annualized total costs were similar in the
hydroxyurea group and the placebo group (P = 0.21), but costs for hospitalization for pain
were statistically significantly lower in the hydroxyurea group (mean, $12 160 vs. $17 290;
P < 0.05) (23). The hydroxyurea and placebo groups were similar in all quality-of-life
measures (22).

Twelve observational studies enrolling only adults were available (26–37). Two studies
were retrospective (29, 32), and 10 were prospective (26–28, 30, 31, 33–37) (Table 1); 2 of
the prospective studies (36, 37) reported only on toxicities and not on efficacy outcomes.
These observational studies included patients with various sickle genotypes. Only 1 study
could be considered high quality (27). Most reports lacked descriptions of adherence to the
intervention and careful accounting for losses to follow-up. Table 1 shows the omissions
that may compromise the validity of these observational studies.

The mean or median age of participants in observational studies ranged from 21 to 33 years
(35). Three studies from Europe included white patients exclusively (28, 30, 31). The
duration of observation varied markedly across studies and within studies; the longest
median follow-up was 36 to 45 months. Some individuals in each study were followed for
much longer, although their exposure to hydroxyurea did not span the total duration of
observation. In half of the studies, patients received the maximum tolerated dose of the drug
(27, 38 – 43).

These observational studies generally support the findings from the RCT (Table 2). In the 6
studies that reported hematologic outcomes (26, 27, 30, 31, 34, 44), fetal hemoglobin was
significantly higher during treatment. Mean fetal hemoglobin ranged from 4% to 12% at
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baseline and 10% to 23% during hydroxyurea treatment. The greatest increase occurred in
white patients with hemoglobin Sβ+ thalassemia or hemoglobin Sβ0 thalassemia who
received high doses of hydroxyurea (up to 2.5 g/d) (28). These 14 patients had an increase in
mean fetal hemoglobin level from 3.6% (SD, 2.1%) to 23% (SD, 7.7%).

Three studies (27, 31, 33) assessed the frequency of pain crises. For the 32 patients who
completed the study by Charache and colleagues (27), the frequency of crises decreased
from 4 in 6 months (range, 0 to 20) to 1.3 in 6 months (range, 0 to 9), which was not
statistically significant (27). In contrast, in a study of Sicilians with hemoglobin Sβ+

thalassemia or hemoglobin Sβ0 thalassemia, the annual frequency of crises decreased
significantly from a mean of 9 events to 1.8 events (P < 0.001) (31). In a nonrandomized
study comparing patients receiving hydroxyurea with those receiving cognitive behavioral
therapy, hydroxyurea recipients had fewer pain crises (1.4 per year vs. 4.3 per year; P <
0.05); however, we suspect that the patients choosing each of these therapies differed
substantially, which could affect the reported outcomes (33).

Hospitalization rates generally decreased for adults treated with hydroxyurea. In the study of
Sicilians (31), the annual number of days hospitalized declined from 22.4 to 1.2 (SD, 2.3) (P
< 0.001). In another study, rates of hospitalization decreased from baseline in the group
treated for longer than 24 months (from 3.1 to 2.1 hospitalizations per year; P = 0.04) (32).
In the study comparing hydroxyurea with cognitive behavioral therapy (33), hospitalization
rates were similar among patients receiving hydroxyurea and those receiving therapy.

We did not identify any relationship across studies between the mean age of the participants
or the number of enrolled participants and outcomes (pain reduction or increase in fetal
hemoglobin). In the 4 studies with relevant data, the greater the change in fetal hemoglobin,
the greater the decrease in the number of painful crises (19, 27, 31, 45).

On the basis of 1 high-quality RCT in adults and many lower-quality observational studies,
we conclude that high-grade evidence supports that hydroxyurea increases fetal hemoglobin
in adults with sickle cell disease. High-grade evidence also indicates that hydroxyurea
reduces the frequency of pain crises, transfusions, and frequency or duration of
hospitalization in adults. Only low-grade evidence indicates that hydroxyurea reduces
mortality. The evidence base is insufficient to comment on neurologic events in adults.

Are There Predictors of Response to Hydroxyurea?
Several studies described patient characteristics that predicted response to hydroxyurea.
Predictors of fetal hemoglobin response to hydroxyurea were most frequently reported. In
the MSH, fetal hemoglobin increased most in participants with a history of fewer painful
events and, at baseline, a reticulocyte count greater than 300 × 109 cells/L, F reticulocyte
level greater than 12%, absolute neutrophil count greater than 7.5 × 109 cells/L, and fetal
hemoglobin greater than 7.5%. Fetal hemoglobin increased less in men, those with the
Central African Republic haplotype, those with less than 80% adherence to therapy, and
those with fewer than 2 episodes of hematologic toxicity during treatment (18). In a phase II
study from the same group (27), fetal hemoglobin was directly associated with the most
recent plasma level of hydroxyurea and baseline fetal hemoglobin percentage and leukocyte
count.

Clinical responses to hydroxyurea (a decreased rate of painful episodes during treatment)
were associated with fewer baseline painful episodes, decreases in the absolute neutrophil
count and absolute reticulocyte count, and increases in mean corpuscular volume (19).
Hospital admissions were significantly decreased in patients with at least 2 years of
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hydroxyurea treatment with no interruptions longer than 2 weeks, compared with those with
a shorter duration of therapy or interruptions (32).

Most patients were homozygous for hemoglobin S, but most studies also included some
patients with other genotypes. No studies meeting our inclusion criteria specifically focused
on outcomes in adults with hemoglobin SC disease. In general, patients with hemoglobin
Sβ+ thalassemia or hemoglobin Sβ0 thalassemia responded to treatment similarly to patients
with hemoglobin SS. Sex and age had little influence on outcomes.

What Toxicities Are Associated with Use of Hydroxyurea in Adults with Sickle Cell
Disease?

The National Toxicology Program and the National Institute of Environmental Health
Sciences has a Center for the Evaluation of Risks to Human Reproduction (CERHR). In
2007, the CERHR reported on the effect of hydroxyurea on growth and development, after a
literature review and expert panel discussion (46, 47). On the basis of 1 study, the panel
concluded that nursing infants of women taking hydroxyurea may be exposed to 1 to 6 mg
of hydroxyurea daily depending on the mother’s dose, but they did not comment on the
effect of this exposure. The expert panel found no data on the effects of hydroxyurea on
female human or animal reproductive processes. Likewise, no data were available on the
effect of germ cell exposure to hydroxyurea. The expert panel found sufficient data to
conclude that developmental toxicity occurs in rat and mice fetuses exposed in utero to
hydroxyurea. In addition, they concluded that hydroxyurea has reproductive toxicity in male
mice, causing decreased testis weight and sperm count. The expert panel believed that this
experimental animal data were relevant to humans. On this basis, the expert panel had
concerns about the adverse effect of hydroxyurea on spermatogenesis in men receiving
hydroxyurea at therapeutic doses.

The CERHR panel identified 21 papers relevant to use of hydroxyurea in pregnancy. The
report reviewed studies examining pregnancy outcomes in women with sickle cell disease
and essential thrombocythemia who were receiving hydroxyurea. No RCTs on the use of
hydroxyurea during pregnancy were available. The largest case series (48) described
outcomes of 32 pregnancies in 31 patients treated with hydroxyurea for diverse conditions.
The panel concluded that the 2 cases of intrauterine fetal growth restriction and the 9
patients with preterm delivery demonstrated an increase over that expected for this
population, but causality could not be attributed in these cases. The additional 20 articles
were case reviews or small case series with no clear evidence for causality for any of the 10
abnormal pregnancy outcomes. The CERHR report concluded that the use of hydroxyurea in
pregnancy does not seem to be commonly associated with adverse perinatal outcomes and
that no data are available on long-term outcomes in children who were exposed in utero. The
CERHR is concerned that hydroxyurea may increase the risk for congenital anomalies or
abnormalities of fetal growth after exposure of pregnant women, but this concern is based on
few data from experimental studies.

The MSH described few significant toxicities in adults (Table 3) (18 –20, 24). The
investigators found lower absolute neutrophil counts among hydroxyurea recipients than
placebo recipients (4.9 vs. 6.4 × 109/L cells), but the number of patients with
thrombocytopenia, thrombocytosis, cancer, aplastic crisis, aseptic necrosis,
lymphadenopathy, and bleeding was similar between groups. The proportion of patients
reporting hair loss, fever, rash or nail changes, or gastrointestinal disturbance at 3 or more
follow-up visits was similar for the hydroxyurea and placebo groups (18). The 1 article that
described long-term follow-up of the MSH participants reported 3 cases of cancer, 2 of
which occurred in the hydroxyurea group (24).
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Although observational studies are not optimal for attributing causality for an event because
they lack comparison groups, they are useful for characterizing people exposed to a drug
outside of a randomized trial (Table 3). In the studies we reviewed (37, 49 –51), 3 cases of
leukemia (2 children and 1 adult) were reported. A 10-year-old girl in France who received
hydroxyurea for 18 months had Philadelphia chromosome–positive acute lymphoblastic
leukemia on bone marrow examination (49, 50). This 1 case of leukemia was detected
among 225 children observed in a well-characterized cohort of treated patients. Gulbis and
associates (51) reported on a 21-year-old woman who developed acute promyelocytic
leukemia after 8 years of hydroxyurea therapy. Data on cancer development were collected
in 16 613 patients with sickle cell disease (37). Cancer, including 7 cases of leukemia, was
diagnosed in 49 patients. Three of the 49 patients had been using hydroxyurea; 1 patient was
a 14-year-old who developed acute lymphoblastic leukemia 3 months after initiating
hydroxyurea therapy. No data are available on the prevalence of hydroxyurea use among the
16 613 persons with sickle cell disease.

We identified 2 additional case reports about leukemia. One case occurred in a 25-year-old
Saudi Arabian woman who received hydroxyurea for 2 years, with good response. Acute
myelocytic leukemia was subsequently diagnosed; cytogenetic studies revealed no abnormal
clone (45). Acute myelocytic leukemia also occurred in a 42-year-old woman with
hemoglobin SS who received hydroxyurea for 6 years; no cytogenetic analysis was
performed (52).

We are aware of a case of acute nonlymphocytic leukemia that occurred in a 27-year-old
woman with sickle cell anemia after 8 years of hydroxyurea therapy. This case was reported
in abstract form (53). Bone marrow aspiration suggested that leukemia developed in the
setting of myelodysplasia (53).

We reviewed 19 case reports in 15 publications (45, 52– 65) about adverse effects of
hydroxyurea use in patients with sickle cell disease (Appendix Table 3, available at
www.annals.org). Two of these reports described a Greek child who developed Hodgkin
lymphoma (54, 55). The 18 unique case reports included 4 reports of low sperm count or
decreased sperm motility; 2 cases of avascular necrosis; 2 cases of skin hyperpigmentation;
1 case each of leg ulcer, cytopenia, splenomegaly, cryptosporidium infection, intracerebral
hemorrhage, and acute myocardial infarction; and the 3 cases of leukemia described earlier.
Evidence for causality in each of these toxicities is low (level 3), with the exception of
cytopenia, for which evidence is moderate (level 2). The reports of leukemia are difficult to
score with the World Health Organization’s causality scale, because there is no possibility of
regression of disease with removal of the putative causal agent.

We also reviewed studies of patients with diseases other than sickle cell disease treated with
hydroxyurea to determine long-term harms. We identified 39 studies (20 randomized trials
and 19 observational studies) and 235 case reports in 175 publications (Appendix Table 4,
available at www.annals.org). Among the RCTs (66 – 85), none showed more cases of
leukemia in the hydroxyurea group. This harm could not be assessed in trials that enrolled
patients with chronic myeloid leukemia because acute leukemia was evaluated as an
outcome rather than as a medication-related toxicity. Our review of case reports in diseases
other than sickle cell disease found level 1 evidence to support the causal role of
hydroxyurea in leg ulcers, interstitial pneumonitis, hepatitis, azoospermia or decreased
sperm motility, limbal stem cell deficiency (a corneal condition), pruritus, and skin
neoplasms.

On the basis of our review of toxicities in patients with sickle cell disease and patients with
other diseases, we conclude that limited evidence suggests that hydroxyurea treatment in
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adults with sickle cell disease does not increase the risk for leukemia. High-grade evidence
supports that hydroxyurea is not associated with leg ulcer development in patients with
sickle cell disease, although high-grade evidence supports that hydroxyurea is associated
with leg ulcers in patients with other conditions. It has not been determined whether the
increase in hemoglobin, the effects of hydroxyurea on nitric oxide bioavailability, or another
effect of hydroxyurea might explain this discrepancy. The evidence is insufficient in sickle
cell disease to know whether hydroxyurea contributes to skin neoplasms, although high-
grade evidence in other conditions supports that it does. Similarly, evidence is insufficient to
know whether hydroxyurea is associated with secondary cancer in adults with sickle cell
disease, and the evidence in other diseases is only low grade.

Are There Predictors of Toxicity from Hydroxyurea?
Few studies specified what predicted toxicity from hydroxyurea. In the MSH, patients with
the greatest response in fetal hemoglobin were more likely to have 2 or more episodes of
hematologic toxicity (20). In addition, leg ulcers at baseline were associated with leg ulcers
during therapy, and 36 viral-like infections were associated with neutropenia during therapy
(86). Patients with hemoglobin SC disease did not tolerate dose increases as well as patients
with other genotypes (38). Charache and colleagues (27) found no association between
hydroxyurea clearance and toxicity.

Discussion
Since its approval for the treatment of sickle cell disease in 1998, hydroxyurea has been
under intense study. On the basis of 1 high-quality randomized trial in adults and many
observational studies, we conclude that hydroxyurea increases fetal hemoglobin in adults
with sickle cell disease, reduces the frequency of pain crises, reduces the frequency or
duration of hospitalization, and reduces transfusions (Table 4). Although the data
convincingly demonstrate an increase in fetal hemoglobin percentage with use of this drug,
far less evidence is available regarding the clinically relevant outcomes of hospitalization,
stroke, pain crises, the acute chest syndrome, and death.

Although the evidence is sparse, it suggests that hydroxyurea treatment in adults is not
associated with leukemia. In addition, hydroxyurea is not associated with leg ulcers in
patients with sickle cell disease, although it is in patients with other conditions. We
hypothesize that the improvement in rheology offsets any increase in leg ulcer risk
associated with the drug. We cannot draw conclusions from the evidence about whether
hydroxyurea contributes to skin neoplasms in sickle cell disease, although it convincingly
does in other conditions. The other populations studied were largely light-skinned, and we
were not surprised that the skin cancer risk differed across populations.

This evidence base has important limitations. Most notably, only 1 randomized trial studied
efficacy (18, 87). Although the MSH was a high-quality study, concerns have been raised
(88) about its overreliance on secondary analyses. The MSH investigators used a more
stringent threshold for statistical significance in the secondary analysis of the results of the
randomized trial, and these analyses were planned before study initiation. Similar
adjustments, however, were not made in the secondary analysis of overall mortality
published in the long-term observational follow-up study of MSH.

We are also concerned that the observational data may be confounded by regression to the
mean. For example, if physicians started hydroxyurea therapy in patients after a period of
increased disease activity, it is likely that in time, the patient may have returned to his or her
usual level of disease activity even without a change in therapy. This effect would overstate
the benefits of the therapy (89). No trial data are available with which to comment on
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effectiveness of this drug in a population that may take the medication for many years with
less intense supervision and encouragement than is received in a typical efficacy trial. Thus,
the evidence base is limited by the lack of effectiveness trials and the paucity of trials of
efficacy, even though the MSH may be considered a definitive efficacy trial of this drug in
adults (18). These results cannot be generalized to all patients with sickle cell disease
because the MSH included almost entirely patients with hemoglobin SS; clinical response
and toxicities seem to differ to some extent by genotype.

These relatively short studies cannot provide strong evidence for toxicities that may require
many years of exposure. The follow-up studies from these trials are important contributors
to the literature, but they become observational studies after the randomization period ends
and thus are subject to the limitations of any observational study. The losses to follow-up
were substantial in most of the observational studies. The studies of toxicity were also
weakened by the absence of control groups.

Many subgroups require further study. Patients with hemoglobin SC, the second most
common genotype of sickle cell disease, were particularly understudied. Additional studies
of hydroxyurea at doses other than the maximum tolerated dose are appropriate, particularly
as the use of a maximum tolerated dose in resource-poor populations may be less practical
or safe. Other subgroups of interest are patients with comorbid illnesses, specifically HIV,
AIDS, or hepatitis C. The interactions between hydroxyurea and these underlying diseases,
and between hydroxyurea and therapies for these diseases, need to be clarified. Additional
longer-term studies are needed to further assess toxicities of hydroxyurea.

Further research on the role of hydroxyurea in the lifelong treatment of sickle cell disease is
indicated; current studies do not tell us the optimal timing of initiation of hydroxyurea
therapy and the indicators of failed hydroxyurea therapy. Several other questions also
remain: Is there a role for rechallenge with the drug if there was no previous efficacy? Is
there a role for hydroxyurea as an adjunctive therapy with other drugs? What are the best
intermediate outcomes that will predict clinical response to the drug? Additional trials with
other clinical outcomes are appropriate, including randomized trials to prevent other
complications of sickle cell disease, such as kidney disease, pulmonary hypertension, and
neurologic events in adults. Effectiveness trials are needed to test hydroxyurea in a regular
care setting. These could be clustered randomized trials in which some providers are
randomly assigned to prescribe hydroxyurea in all patients and others are randomly assigned
to provide usual care, including the use of hydroxyurea when clinically indicated, or
effectiveness studies in which a group of providers is actively encouraged to consider
hydroxyurea when appropriate and another group is not targeted for education.

Hydroxyurea is the only U.S. Food and Drug Administration–approved medication for the
treatment of sickle cell disease. It is the only available drug that alters the disease process,
and its toxicities or potential toxicities should be interpreted in this light, particularly when it
is used to treat a disease that causes great morbidity and predictably shortens the life span.
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Study flow diagram.
RCT = randomized, controlled trial; SCD = sickle cell disease. *The evidence report
provides details of the search strategies (7). †The reasons for exclusion exceed the total
number of studies because reviewers could enter multiple reasons for exclusion. ‡89 studies
were not included in this review because they included children or infants only or examined
barriers only. Toxicity and efficacy studies in SCD overlap.

Lanzkron et al. Page 16

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 17

Ta
bl

e 
1

C
ha

ra
ct

er
is

tic
s o

f R
C

Ts
 a

nd
 O

bs
er

va
tio

na
l S

tu
di

es
 o

f H
U

 fo
r T

re
at

m
en

t o
f S

C
D

*

St
ud

y,
 Y

ea
r

(R
ef

er
en

ce
)

St
ud

y 
D

es
ig

n 
an

d 
A

im
s

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

St
ud

y 
G

ro
up

Pa
tie

nt
s, n

H
U

 D
os

e

Fo
llo

w
-u

p
(R

an
ge

),
m

o
M

ea
n 

A
ge

, y
G

en
ot

yp
e,

 n
H

ap
lo

ty
pe

, %
Q

ua
lit

y†

C
ha

ra
ch

e 
et

 a
l.,

19
95

 (1
8)

 a
nd

19
96

 (1
9)

‡

R
C

T 
of

 e
ff

ic
ac

y 
of

 H
U

 in
SC

D
A

ge
 >

18
 y

, S
C

A
, H

b
Sα

+  
th

al
as

se
m

ia
, ≥

3
pa

in
 e

pi
so

de
s/

y

H
b 

Sβ
+  

or
 β

0  t
ha

la
ss

em
ia

,
si

ck
le

 H
b 

C
 d

is
ea

se
,

tra
ns

fu
si

on
-d

ep
en

de
nt

,
pr

eg
na

nt
, u

si
ng

 o
pi

oi
ds

,
su

bs
ta

nc
e 

ab
us

e,
 re

ce
iv

ed
an

tis
ic

kl
in

g 
ag

en
t, 

st
ro

ke
in

 p
as

t 6
 y

ea
rs

, H
IV

po
si

tiv
e,

 n
ot

 u
si

ng
co

nt
ra

ce
pt

io
n,

 p
os

si
bl

e
m

ar
ro

w
 su

pp
re

ss
io

n,
 H

b
A

 le
ve

l >
15

%
 if

 re
ce

iv
ed

tra
ns

fu
si

on
, b

re
as

tfe
ed

in
g

H
U

15
2

15
 m

g/
kg

 d
ai

ly
;

in
cr

ea
se

d 
by

 5
 m

g/
kg

ev
er

y 
12

 w
k 

if 
A

N
C

≥
2 

× 
10

9  c
el

ls
/L

,
re

tic
ul

oc
yt

e 
an

d
pl

at
el

et
 c

ou
nt

 ≥
80

 ×
10

9  c
el

ls
/L

, a
nd

 H
b

le
ve

l ≥
45

 g
/L

24
30

SS
: 1

51
H

b 
Sβ

o

th
al

as
se

m
ia

: 1

B
en

in
/B

en
in

: 3
6

B
en

in
/C

A
R

: 2
1

B
en

in
/S

en
eg

al
:

3 Se
ne

ga
l/C

A
R

: 3
O

th
er

: 2
3

N
o 

m
aj

or
 d

ef
ic

its
 in

re
po

rti
ng

 o
n 

so
ur

ce
po

pu
la

tio
n,

 in
cl

us
io

n
cr

ite
ria

, b
as

el
in

e
ch

ar
ac

te
ris

tic
s,

in
te

rv
en

tio
n,

 o
r

ad
he

re
nc

e

Pl
ac

eb
o

14
7

31
SS

: 1
45

H
b 

Sβ
0

th
al

as
se

m
ia

: 2

B
en

in
/B

en
in

: 4
3

B
en

in
/C

A
R

: 2
0

B
en

in
/S

en
eg

al
:

3 Se
ne

ga
l/C

A
R

: 3
O

th
er

: 1
7

St
ei

nb
er

g 
et

 a
l.,

19
97

 (2
0)

R
C

T 
of

 e
ff

ic
ac

y 
of

 H
U

 in
SC

D
Sa

m
e 

as
 th

os
e 

fo
r

C
ha

ra
ch

e 
et

 a
l. 

(1
8,

 1
9)

Sa
m

e 
as

 th
os

e 
fo

r
C

ha
ra

ch
e 

et
 a

l. 
(1

8,
 1

9)
H

U
15

2
Sa

m
e 

as
 in

 C
ha

ra
ch

e
et

 a
l. 

(1
8,

 1
9)

N
R

30
N

R
N

R

Pl
ac

eb
o

14
7

31
N

R

M
oo

re
 e

t a
l.,

20
00

 (2
3)

R
C

T 
of

 e
ff

ic
ac

y 
of

 H
U

 in
SC

D
Sa

m
e 

as
 th

os
e 

fo
r

C
ha

ra
ch

e 
et

 a
l. 

(1
8,

 1
9)

Sa
m

e 
as

 th
os

e 
fo

r
C

ha
ra

ch
e 

et
 a

l. 
(1

8,
 1

9)
H

U
15

2
Sa

m
e 

as
 in

 C
ha

ra
ch

e
et

 a
l. 

(1
8,

 1
9)

N
R

30
N

R
N

R

Pl
ac

eb
o

14
7

N
R

31
N

R
N

R

H
ac

kn
ey

 e
t a

l.,
19

97
 (2

1)
§

R
C

T 
of

 e
ff

ic
ac

y 
of

 H
U

 in
SC

D
Sa

m
e 

as
 th

os
e 

fo
r

C
ha

ra
ch

e 
et

 a
l. 

(1
8,

 1
9)

Sa
m

e 
as

 th
os

e 
fo

r
C

ha
ra

ch
e 

et
 a

l. 
(1

8,
 1

9)
H

U
10

Sa
m

e 
as

 in
 C

ha
ra

ch
e

et
 a

l. 
(1

8,
 1

9)
N

R
30

.5
SS

: 1
00

%
–

Pl
ac

eb
o

14
29

.8
–

–

B
al

la
s e

t a
l.,

20
06

 (2
2)

R
C

T 
of

 e
ff

ic
ac

y 
of

 H
U

 in
SC

D
Sa

m
e 

as
 th

os
e 

fo
r

C
ha

ra
ch

e 
et

 a
l. 

(1
8,

 1
9)

Sa
m

e 
as

 th
os

e 
fo

r
C

ha
ra

ch
e 

et
 a

l. 
(1

8,
 1

9)
H

U
14

1
Sa

m
e 

as
 in

 C
ha

ra
ch

e
et

 a
l. 

(1
8,

 1
9)

N
R

SS
: 1

00
%

Pl
ac

eb
o

13
6

St
ei

nb
er

g 
et

 a
l.,

20
03

 (2
4)

Pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
y

by
 M

SH
 a

ss
ig

nm
en

t
Sa

m
e 

as
 th

os
e 

fo
r

C
ha

ra
ch

e 
et

 a
l. 

(1
8,

 1
9)

Sa
m

e 
as

 th
os

e 
fo

r
C

ha
ra

ch
e 

et
 a

l. 
(1

8,
 1

9)
H

U
15

2
Sa

m
e 

as
 in

 C
ha

ra
ch

e
et

 a
l. 

(1
8,

 1
9)

N
R

N
R

N
R

Pl
ac

eb
o

14
7

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 18

St
ud

y,
 Y

ea
r

(R
ef

er
en

ce
)

St
ud

y 
D

es
ig

n 
an

d 
A

im
s

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

St
ud

y 
G

ro
up

Pa
tie

nt
s, n

H
U

 D
os

e

Fo
llo

w
-u

p
(R

an
ge

),
m

o
M

ea
n 

A
ge

, y
G

en
ot

yp
e,

 n
H

ap
lo

ty
pe

, %
Q

ua
lit

y†

el
-H

az
m

i e
t a

l.,
19

92
 (2

6)
Pr

os
pe

ct
iv

e 
co

ho
rt 

st
ud

y
of

 e
ff

ec
tiv

en
es

s o
f H

U
 fo

r
se

ve
re

 fo
rm

s o
f S

C
D

N
R

N
R

H
U

21
20

 m
g/

kg
 d

ai
ly

; n
o

tit
ra

tio
n

3
R

an
ge

, 1
7–

32
SS

: 7
1%

Sβ
0  t

ha
la

ss
em

ia
:

28
%

N
R

D
id

 n
ot

 a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s o
r r

ep
or

t
lo

ss
es

 to
 fo

llo
w

-u
p

C
ha

ra
ch

e 
et

 a
l.

19
92

 (2
7)

Pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
y

on
 p

ha
rm

ac
ok

in
et

ic
s,

to
xi

ci
ty

, a
nd

 in
cr

ea
se

 in
fe

ta
l H

b 
pr

od
uc

tio
n 

in
re

sp
on

se
 to

 H
U

 in
 p

at
ie

nt
s

w
ith

 S
C

A

A
ge

 >
18

 y
, S

C
A

, H
b

Sα
+  

th
al

as
se

m
ia

, >
1

pa
in

 a
dm

is
si

on
s i

n 
pa

st
ye

ar
 (i

nc
lu

di
ng

 E
D

vi
si

ts
)

H
b 

Sβ
+  

or
 S
β0

th
al

as
se

m
ia

; r
ec

ei
ve

d
tra

ns
fu

si
on

; p
re

gn
an

t;
re

na
l f

ai
lu

re
; a

bn
or

m
al

re
na

l f
un

ct
io

n;
 li

ve
r

fa
ilu

re
; a

bn
or

m
al

 h
ep

at
ic

fu
nc

tio
n;

 H
IV

- p
os

iti
ve

;
A

ST
 le

ve
l >

10
0 

U
/L

;
al

bu
m

in
 le

ve
l <

30
 g

/L
;

us
e 

of
 th

eo
ph

yl
lin

e-
co

nt
ai

ni
ng

 d
ru

gs
,

an
dr

og
en

s, 
es

tro
ge

ns
, o

r
pr

og
es

te
ro

ne
s (

ot
he

r t
ha

n
bi

rth
 c

on
tro

l)

H
U

49
10

–2
0 

m
g/

kg
 d

ai
ly

de
pe

nd
in

g 
on

 A
U

C
 a

t
6 

h;
 in

cr
ea

se
d 

by
 5

m
g/

kg
 d

ai
ly

 e
ve

ry
 8

w
k 

to
 M

TD

9 
(0

–2
5)

27
.6

SS
: 1

00
%

B
en

in
: 6

1
Se

ne
ga

l: 
9.

3
C

A
R

: 2
5

D
id

 n
ot

 a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s

V
os

ka
rid

ou
 e

t
al

., 
19

95
 (2

8)
Pr

os
pe

ct
iv

e 
co

ho
rt 

st
ud

y
on

 re
sp

on
se

 o
f w

hi
te

pa
tie

nt
s w

ith
 S

C
D

 a
nd

co
m

pl
ic

a-
 ti

on
s t

o 
hi

gh
do

se
s o

f H
U

A
ge

, a
du

lt,
 S

C
A

, H
b

Sα
+  

th
al

as
se

m
ia

, >
2

cr
is

es
 in

 p
as

t y
ea

r

H
b 

Sβ
+  

or
 S
β0

th
al

as
se

m
ia

; r
ec

ei
ve

d
tra

ns
fu

si
on

; p
re

gn
an

cy
;

re
na

l f
ai

lu
re

; a
bn

or
m

al
re

na
l f

un
ct

io
n;

 a
bn

or
m

al
he

pa
tic

 fu
nc

tio
n;

 H
IV

-
po

si
tiv

e;
 u

se
 o

f
th

eo
ph

yl
lin

e-
 c

on
ta

in
in

g
dr

ug
s, 

an
dr

og
en

s,
es

tro
ge

ns
, o

r
pr

og
es

te
ro

ne
s (

ot
he

r t
ha

n
bi

rth
 c

on
tro

l)

H
U

14
15

 m
g/

kg
 d

ai
ly

,
ro

un
de

d 
up

 to
 th

e
ne

xt
 5

00
 m

g 
4 

da
ys

/
w

k;
 in

cr
ea

se
d 

in
 5

-
m

g/
kg

 in
cr

em
en

ts
,

ro
un

de
d 

up
 to

 th
e

ne
xt

 5
00

 m
g 

ev
er

y 
4

w
k 

to
 M

TD
;

m
ax

im
um

 to
ta

l d
os

e,
2.

5 
g/

d|
|

(5
–8

.7
)

28
.6

 (r
an

ge
, 1

9–
48

)
Sβ

+  
th

al
as

se
m

ia
:

42
%

Sβ
0  t

ha
la

ss
em

ia
:

58
%

N
R

D
id

 n
ot

 a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s o
r r

ep
or

t
lo

ss
es

 to
 fo

llo
w

-u
p

Lo
uk

op
ou

lo
s e

t
al

., 
19

98
 (2

9)
R

et
ro

sp
ec

tiv
e 

co
ho

rt
st

ud
y 

on
 e

ff
ec

tiv
en

es
s o

f
H

U
 in

 p
at

ie
nt

s w
ith

th
al

as
se

m
ia

H
b 

Sβ
+  

or
 S
β0

th
al

as
se

m
ia

, f
re

qu
en

t
pa

in
 c

ris
es

N
R

H
U

44
15

–3
5 

m
g/

kg
 d

ai
ly

4–
7 

d 
w

k;
 n

o 
tit

ra
tio

n
N

R
N

R
Sβ

+  
th

al
as

se
m

ia
:

34
%

Sβ
0  t

ha
la

ss
em

ia
:

65
%

N
R

D
id

 n
ot

 a
de

qu
at

el
y

de
sc

rib
e 

th
e 

st
ud

y
de

si
gn

, a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s, 
re

po
rt

lo
ss

es
 to

 fo
llo

w
-u

p,
or

 d
es

cr
ib

e 
ad

he
re

nc
e

Lo
uk

op
ou

lo
s e

t
al

., 
20

00
 (3

0)
Pr

os
pe

ct
iv

e 
co

ho
rt 

st
ud

y
on

 H
U

 in
 5

5 
G

re
ek

-o
rig

in
pa

tie
nt

s w
ith

 si
ck

le
 β

th
al

as
se

m
ia

 o
r H

b 
SS

di
se

as
e 

re
ce

iv
in

g 
H

U

A
ge

, a
du

lts
, H

b 
Sβ

+  
or

Sβ
0 t

ha
la

ss
em

ia
N

R
H

U
69

15
 m

g/
kg

 d
ai

ly
 fo

r 4
d/

w
k,

 th
en

 ti
tra

te
d 

up
to

 2
5 

m
g/

kg
 d

ai
ly

 o
r

to
 M

TD
; h

el
d 

fo
r 6

m
o 

an
d 

ta
pe

re
d 

to
 1

.0
g/

d

(6
–4

8)
R

an
ge

, 1
7–

50
SS

: 2
0%

Sβ
0  t

ha
la

ss
em

ia
:

79
%

A
ll 

H
b 

S 
w

as
B

en
in

D
id

 n
ot

 a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s o
r

de
sc

rib
e 

ad
he

re
nc

e

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 19

St
ud

y,
 Y

ea
r

(R
ef

er
en

ce
)

St
ud

y 
D

es
ig

n 
an

d 
A

im
s

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

St
ud

y 
G

ro
up

Pa
tie

nt
s, n

H
U

 D
os

e

Fo
llo

w
-u

p
(R

an
ge

),
m

o
M

ea
n 

A
ge

, y
G

en
ot

yp
e,

 n
H

ap
lo

ty
pe

, %
Q

ua
lit

y†

R
ig

an
o 

et
 a

l.,
20

01
 (3

1)
Pr

os
pe

ct
iv

e 
co

ho
rt 

st
ud

y
on

 e
ff

ic
ac

y 
of

 H
U

 in
Si

ci
lia

n 
pa

tie
nt

s w
ith

si
ck

le
 β

 th
al

as
se

m
ia

Si
ci

lia
n,

 ≥
3 

si
ck

le
cr

is
es

 (a
ny

 ty
pe

) i
n 

pa
st

ye
ar

H
IV

-p
os

iti
ve

, b
on

e
m

ar
ro

w
 h

yp
op

la
si

a
H

U
22

15
 m

g/
kg

 d
ai

ly
;

in
cr

ea
se

d 
af

te
r 3

 m
o

if 
no

 re
sp

on
se

 a
nd

de
cr

ea
se

d 
fo

r t
ox

ic
ity

>2
4

R
an

ge
, 2

9–
53

Sβ
0  t

ha
la

ss
em

ia
:

76
%

Sβ
+  

th
al

as
se

m
ia

:
27

%

B
en

in
: 1

00
D

id
 n

ot
 a

dj
us

t
es

tim
at

e 
of

 tr
ea

tm
en

t
ef

fe
ct

 fo
r

co
nf

ou
nd

er
s

Fe
rg

us
on

 e
t a

l.,
20

02
 (3

2)
R

et
ro

sp
ec

tiv
e 

co
ho

rt
st

ud
y 

on
 e

ff
ic

ac
y 

of
 H

U
 in

se
tti

ng
s o

ut
si

de
 o

f a
cl

in
ic

al
 tr

ia
l w

ith
 lo

ng
er

fo
llo

w
-u

p

A
ge

, a
du

lts
, S

C
A

,
tre

at
ed

 a
t 2

 h
os

pi
ta

ls
N

R
H

U
 ≥

24
 m

o
30

15
 m

g/
kg

 d
ai

ly
;

in
cr

ea
se

d 
by

 5
 m

g/
kg

ev
er

y 
8 

w
k 

to
 M

TD

21
.6

 (3
–6

0)
¶

R
an

ge
, 2

0–
58

SS
: 1

00
N

R
D

id
 n

ot
 re

po
rt 

lo
ss

es
to

 fo
llo

w
-u

p

H
U

 <
24

 m
o

30
15

 m
g/

kg
 d

ai
ly

;
in

cr
ea

se
d 

5 
m

g/
kg

ev
er

y 
8 

w
k 

to
 M

TD

N
R

R
an

ge
, 1

9–
54

N
R

N
R

C
um

m
in

s a
nd

A
ni

e,
 2

00
3 

(3
3)

Pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
y

w
ith

 c
om

pa
ris

on
; p

at
ie

nt
s

w
ith

 S
C

D
 tr

ea
te

d 
w

ith
C

B
T 

vs
. H

U
 in

 te
rm

s o
f

qu
al

ity
 o

f l
ife

, p
ai

n
ex

pe
rie

nc
e,

 h
ea

lth
 se

rv
ic

e
ut

ili
za

tio
n,

 a
nd

 p
ai

n
co

pi
ng

 st
ra

te
gi

es

A
du

lts
 w

ith
 S

C
D

tre
at

ed
 a

t 1
 h

os
pi

ta
l

N
R

H
U

15
W

ei
gh

t-b
as

ed
23

 (1
2–

39
)

33
SS

: 9
3%

N
R

D
id

 n
ot

 a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s, 
re

po
rt

lo
ss

es
 to

 fo
llo

w
-u

p,
or

 d
es

cr
ib

e 
ad

he
re

nc
e

C
B

T
12

N
R

N
R

30
.9

SS
: 5

7%
SC

: 2
9%

N
R

V
ic

ar
i e

t a
l.,

20
05

 (3
4)

Pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
y

of
 th

e 
in

flu
en

ce
 o

f g
en

et
ic

de
te

rm
in

an
ts

 o
n 

re
sp

on
se

to
 a

nd
 to

xi
ci

ty
 o

f H
U

A
ge

, >
18

 y
, S

C
A

, ≥
3

pa
in

 e
pi

so
de

s/
y,

 A
C

S
H

b 
Sβ

+  
or

 S
β0

th
al

as
se

m
ia

, H
b 

SS
α+

th
al

as
se

m
ia

, s
ic

kl
e 

H
b 

C
di

se
as

e,
 re

ce
iv

ed
tra

ns
fu

si
on

, p
re

gn
an

cy
,

st
ro

ke
 in

 p
as

t 6
 y

ea
rs

,
H

IV
-p

os
iti

ve
, b

on
e

m
ar

ro
w

 d
ep

re
ss

io
n

H
U

22
N

R
30

.4
5 

(1
2–

60
)

25
.6

 (r
an

ge
, 1

8–
46

)
SS

: 1
00

%
H

om
oz

yg
ou

s
B

an
tu

: 4
1

H
om

oz
yg

ou
s

B
en

in
: 1

8
H

et
er

oz
yg

ou
s

B
an

tu
–B

en
in

: 3
1

D
id

 n
ot

 d
es

cr
ib

e
ad

eq
ua

te
ly

 th
e 

st
ud

y
de

si
gn

 o
r

in
te

rv
en

tio
n,

 a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s, 
re

po
rt

lo
ss

es
 to

 fo
llo

w
- u

p,
or

 d
es

cr
ib

e 
ad

he
re

nc
e

A
ta

ga
 e

t a
l.,

20
06

 (3
5)

Pr
os

pe
ct

iv
e 

co
ho

rt 
st

ud
y

on
 th

e 
de

ve
lo

pm
en

t o
f

pu
lm

on
ar

y 
H

TN
 a

nd
 th

e
as

so
ci

at
io

n 
of

 p
ul

m
on

ar
y

H
TN

 in
 p

at
ie

nt
s w

ith
 S

C
D

A
ge

, a
du

lt,
 S

C
A

, H
b

Sβ
+  

or
 S
β0

 th
al

as
se

m
ia

,
H

b 
SS
α 

+ 
th

al
as

se
m

ia
,

si
ck

le
 H

b 
C

 d
is

ea
se

A
C

S 
in

 p
as

t 4
 w

k,
 c

ur
re

nt
cr

is
is

 o
r a

cu
te

 il
ln

es
s

W
ith

 p
ul

m
on

ar
y

H
TN

, H
U

9
N

R
N

R
42

.3
 (S

D
, 1

1)
B

ot
h 

gr
ou

ps
co

m
bi

ne
d:

 
SS

: 7
4%

 
Si

ck
le

 H
b 

C
di

se
as

e:
 1

2%
 

Sβ
0  t

ha
la

ss
em

ia
:

5%  
Sβ

+  
th

al
as

se
m

ia
:

9%

N
R

D
id

 n
ot

 d
es

cr
ib

e
ad

eq
ua

te
ly

 th
e 

st
ud

y
de

si
gn

 o
r

in
te

rv
en

tio
n,

 a
dj

us
t

es
tim

at
e 

of
 tr

ea
tm

en
t

ef
fe

ct
 fo

r
co

nf
ou

nd
er

s, 
re

po
rt

lo
ss

es
 to

 fo
llo

w
-u

p,
or

 d
es

cr
ib

e 
ad

he
re

nc
e

N
o 

pu
lm

on
ar

y
H

TN
, H

U
32

N
R

N
R

38
.4

 (S
D

, 1
2)

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 20

St
ud

y,
 Y

ea
r

(R
ef

er
en

ce
)

St
ud

y 
D

es
ig

n 
an

d 
A

im
s

In
cl

us
io

n 
C

ri
te

ri
a

E
xc

lu
si

on
 C

ri
te

ri
a

St
ud

y 
G

ro
up

Pa
tie

nt
s, n

H
U

 D
os

e

Fo
llo

w
-u

p
(R

an
ge

),
m

o
M

ea
n 

A
ge

, y
G

en
ot

yp
e,

 n
H

ap
lo

ty
pe

, %
Q

ua
lit

y†

C
ha

in
e 

et
 a

l.,
20

01
 (3

6)
R

et
ro

sp
ec

tiv
e 

co
ho

rt
st

ud
y 

on
 ri

sk
 fo

r
cu

ta
ne

ou
s a

dv
er

se
re

ac
tio

ns
 in

 p
at

ie
nt

s w
ith

SC
D

 tr
ea

te
d 

w
ith

 H
U

SC
A

, H
b 

Sβ
+  

or
 S
β 0

th
al

as
se

m
ia

, H
b 

SS
α+

th
al

as
se

m
ia

, s
ic

kl
e 

H
b

C
 d

is
ea

se
 re

ce
iv

in
g 

H
U

N
R

17
N

R
12

 (M
TD

 p
lu

s
tim

e 
to

es
ca

la
te

)

27
.1

 (1
9–

51
)

SS
: 9

4%
Sβ

o  t
ha

la
ss

em
ia

:
6%

B
en

in
: 1

2.
5

Se
ne

ga
l: 

2
C

A
R

: 3

D
id

 n
ot

 re
po

rt 
lo

ss
es

to
 fo

llo
w

-u
p 

or
de

sc
rib

e 
ad

he
re

nc
e

Sc
hu

ltz
 a

nd
W

ar
e,

 2
00

3 
(3

7)
Su

rv
ey

 to
 re

po
rt 

on
 c

an
ce

r
in

 p
at

ie
nt

s w
ith

 S
C

D
N

R
N

R
W

ith
 c

an
ce

r, 
no

H
U

49
N

R
22

34
 (m

ed
ia

n,
 1

.2
–6

2)
SS

: 6
3%

Si
ck

le
 H

b 
C

di
se

as
e:

 2
2%

Sβ
 th

al
as

se
m

ia
:

14
%

N
R

D
id

 n
ot

 d
es

cr
ib

e
st

ud
y 

pa
rti

ci
pa

nt
s o

r
us

e 
of

 a
 v

al
id

at
ed

in
st

ru
m

en
t o

r d
is

cu
ss

va
lid

ity
 o

r r
el

ia
bi

lit
y

of
 in

st
ru

m
en

t

W
ith

 c
an

ce
r, 

H
U

3
N

R
N

R
N

R
N

R
N

R

* A
C

S 
= 

ac
ut

e 
ch

es
t s

yn
dr

om
e;

 A
N

C
 =

 a
bs

ol
ut

e 
ne

ut
ro

ph
il 

co
un

t; 
A

ST
 =

 a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; A
U

C
 =

 a
re

a 
un

de
r t

he
 c

ur
ve

; C
A

R
 =

 C
en

tra
l A

fr
ic

an
 R

ep
ub

lic
; C

B
T 

= 
co

gn
iti

ve
 b

eh
av

io
ra

l t
he

ra
py

; E
D

 =
 e

m
er

ge
nc

y 
de

pa
rtm

en
t; 

H
b 

= 
he

m
og

lo
bi

n;
 H

TN
 =

 h
yp

er
te

ns
io

n;
 H

U
= 

hy
dr

ox
yu

re
a;

 M
SH

 =
 M

ul
tic

en
te

r S
tu

dy
 o

f H
yd

ro
xy

ur
ea

 fo
r S

ic
kl

e 
C

el
l A

ne
m

ia
; M

TD
 =

 m
ax

im
um

 to
le

ra
te

d 
do

se
; N

R
 =

 n
ot

 re
po

rte
d;

 R
C

T 
= 

ra
nd

om
iz

ed
, c

on
tro

lle
d 

tri
al

; S
C

A
 =

 si
ck

le
 c

el
l a

ne
m

ia
; S

C
D

 =
 si

ck
le

 c
el

l d
is

ea
se

.

† A
ll 

cr
ite

ria
 fo

r a
ss

es
si

ng
 R

C
T 

qu
al

ity
 a

re
 sh

ow
n 

in
 th

e 
ta

bl
e.

 F
or

 o
bs

er
va

tio
na

l s
tu

di
es

, t
he

 fo
llo

w
in

g 
cr

ite
ria

 w
er

e 
us

ed
 to

 a
ss

es
s q

ua
lit

y:
 st

ud
y 

de
sc

rip
tio

n,
 in

cl
us

io
n 

an
d 

ex
cl

us
io

n 
cr

ite
ria

, d
es

cr
ip

tio
n 

of
 k

ey
 c

ha
ra

ct
er

is
tic

s o
f s

tu
dy

 p
ar

tic
ip

an
ts

, d
es

cr
ip

tio
n 

of
 in

te
rv

en
tio

n,
de

sc
rip

tio
n 

of
 a

dh
er

en
ce

, a
dj

us
te

d 
es

tim
at

e 
of

 tr
ea

tm
en

t e
ff

ec
t, 

re
po

rt 
of

 ≥
1 

ob
je

ct
iv

e 
ou

tc
om

e,
 re

po
rt 

of
 n

um
be

r o
f p

ar
tic

ip
an

ts
 lo

st
 to

 fo
llo

w
-u

p.
 O

nl
y 

cr
ite

ria
 w

ith
 th

e 
w

or
st

 sc
or

es
 a

re
 re

po
rte

d 
in

 th
e 

ta
bl

e.

‡ R
es

ul
ts

 p
re

se
nt

ed
 fr

om
 fi

na
l a

na
ly

si
s (

19
).

§ Su
bg

ro
up

 o
f t

he
 M

SH
.

|| M
ai

nt
en

an
ce

 p
ha

se
 (a

fte
r t

he
 fi

rs
t 2

4 
w

k)
 w

as
 1

00
0 

m
g/

d 
fo

r 4
 d

ay
s/

w
k;

 p
at

ie
nt

s w
er

e 
th

en
 a

ss
ig

ne
d 

to
 1

 o
f 3

 g
ro

up
s t

ha
t d

iff
er

ed
.

¶ 9.
7 

m
on

th
s i

n 
pa

tie
nt

s r
ec

ei
vi

ng
 H

U
 fo

r <
24

 m
o.

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 21

Ta
bl

e 
2

O
ut

co
m

es
 o

f R
C

Ts
 a

nd
 O

bs
er

va
tio

na
l S

tu
di

es
 o

f H
U

 fo
r T

re
at

m
en

t f
or

 S
ic

kl
e 

C
el

l D
is

ea
se

*

St
ud

y,
 Y

ea
r 

(R
ef

er
en

ce
)

G
ro

up
O

ut
co

m
e

D
ea

th
s,

n 
(%

)
Fe

ta
l H

b
L

ev
el

 (S
D

), 
%

Fe
ta

l H
b

C
el

ls
 (S

D
), 

%
H

b 
L

ev
el

(S
D

), 
g/

L
M

C
V

(S
D

), 
fL

R
et

ic
ul

oc
yt

e
C

ou
nt

(S
D

), 
ce

lls
 ×

 1
09 /

L
Pa

in
 E

pi
so

de
s, 

n
E

ve
nt

s, 
n

R
ec

ei
ve

d
T

ra
ns

fu
si

on
, n

A
dm

itt
ed

 to
 H

os
pi

ta
l,

n
O

th
er

C
ha

ra
ch

e 
et

 a
l.,

 1
99

5 
(1

8)
 a

nd
 1

99
6

(1
9)

†
H

U
2

8.
6 

(6
.8

)‡
0.

48
 (0

.2
3)

‡
91

 (1
5)

‡
10

3 
(1

4)
‡

2.
31

 (1
.0

0)
‡

2.
5/

y§
A

C
S:

 2
3|

|
St

ro
ke

: 2
55

¶
–

–

Pl
ac

eb
o

6
4.

7 
(3

.3
)‡

0.
35

 (0
.1

8)
‡

85
 (1

3)
‡

93
 (9

)‡
3.

00
 (0

.9
9)

‡
4.

5/
y

A
C

S:
 5

1
St

ro
ke

: 3
79

**
–

–

St
ei

nb
er

g 
et

 a
l.,

 1
99

7 
(2

0)
H

U
–

3.
6 

(5
.4

)†
†

0.
15

2 
(0

.1
73

)†
†

–
9.

7 
(1

1.
2)

††
0.

97
 (1

.0
7)

††
–

–
–

–
–

Pl
ac

eb
o

–
0.

4 
(2

.0
)†

†
0.

02
3 

(0
.0

71
)†

†
–

−
0.

4 
(4

.8
)‡

0.
21

 (0
.7

2)
††

–
–

–
–

–

H
ac

kn
ey

 e
t a

l.,
 1

99
7 

(2
1)

‡‡
H

U
–

–
–

–
–

–
–

–
–

W
ei

gh
t g

ai
n 

(±
SE

), 
3.

2
± 

0.
8 

kg
 w

ith
 H

U
 v

s.
1.

8 
± 

0.
8 

kg
 w

ith
pl

ac
eb

o;
 c

ha
ng

e 
in

 p
ea

k
po

w
er

 d
ur

in
g 

ex
er

ci
se

(±
SE

), 
10

4.
9 

± 
31

 W
w

ith
 H

U
 v

s. 
58

 ±
 2

0 
W

w
ith

 p
la

ce
bo

Pl
ac

eb
o

–
–

–
–

St
ei

nb
er

g 
et

 a
l.,

 2
00

3 
(2

4)
§§

H
U

36
 (2

3.
7)

–
–

–
–

–
–

–
–

–
–

Pl
ac

eb
o

39
 (2

6.
5)

–
–

–
–

–
–

St
ro

ke
: 8

–
–

–

–
–

–
St

ro
ke

: 6
–

–
–

el
-H

az
m

i e
t a

l.,
 1

99
2 

(2
6)

H
U

–
19

.8
 (4

.0
)†

–
N

R
–

–
–

–
–

–
–

Pr
e-

H
U

–
11

.8
 (3

.5
)

–
–

–
–

–
–

–
–

–

–
–

1.
3/

6 
m

o 
(r

an
ge

, 0
–9

)‡
–

–
–

–

C
ha

ra
ch

e 
et

 a
l. 

19
92

 (2
7)

H
U

 a
t M

TD
–

15
.0

 (6
.0

)†
–

97
 (1

8)
†

–
–

4/
6 

m
o 

(r
an

ge
, 0

–2
0)

–
–

–
–

Pr
e-

H
U

–
4.

0 
(2

.0
)

–
84

 (1
4)

V
os

ka
rid

ou
 e

t a
l.,

 1
99

5 
(2

8)
H

U
–

22
.9

 (7
.7

)
–

9 
(1

3)
–

–
–

–
–

–
–

Pr
e-

H
U

–
3.

6 
(2

.1
)

–
9 

(1
2)

–
–

–
–

–
–

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 22

St
ud

y,
 Y

ea
r 

(R
ef

er
en

ce
)

G
ro

up
O

ut
co

m
e

D
ea

th
s,

n 
(%

)
Fe

ta
l H

b
L

ev
el

 (S
D

), 
%

Fe
ta

l H
b

C
el

ls
 (S

D
), 

%
H

b 
L

ev
el

(S
D

), 
g/

L
M

C
V

(S
D

), 
fL

R
et

ic
ul

oc
yt

e
C

ou
nt

(S
D

), 
ce

lls
 ×

 1
09 /

L
Pa

in
 E

pi
so

de
s, 

n
E

ve
nt

s, 
n

R
ec

ei
ve

d
T

ra
ns

fu
si

on
, n

A
dm

itt
ed

 to
 H

os
pi

ta
l,

n
O

th
er

Lo
uk

op
ou

lo
s e

t a
l.,

 1
99

8 
(2

9)
H

U
–

23
.1

 (9
.2

)
–

93
–

–
–

–
–

–
–

Pr
e-

H
U

–
6.

7 
(4

.7
)

–
89

–
–

–
–

–
–

–

Lo
uk

op
ou

lo
s e

t a
l.,

 2
00

0 
(3

0)
H

U
–

–
–

–
–

–
–

–
–

H
em

at
ol

og
ic

 re
su

lts
re

po
rte

d 
st

ra
tif

ie
d 

by
se

x 
an

d 
ge

no
ty

pe
; m

ea
n

cl
in

ic
al

 se
ve

rit
y 

sc
or

e,
81

.7
 o

ve
r 1

2 
01

8
pa

tie
nt

-w
ee

ks
 (b

as
el

in
e

sc
or

e,
 1

18
2)

 (a
rb

itr
ar

y
sc

al
e)

R
ig

an
o 

et
 a

l.,
 2

00
1 

(3
1)

H
U

–
25

.2
 (5

.2
)†

–
10

 (1
5)

–
–

1.
1 

(S
D

, 1
.8

)/y
; m

ed
ia

n,
0.

5†
–

–
H

os
pi

ta
l-d

ay
s, 

1.
2 

(S
D

, 2
.3

)‡

Pr
e-

H
U

–
7.

5 
(5

.3
)

–
6 

(1
3)

–
–

9.
2 

(S
D

, 6
.9

); 
m

ed
ia

n,
7.

5 
(a

ll 
cr

is
es

, n
ot

 ju
st

pa
in

 c
ris

es
)

–
–

H
os

pi
ta

l-d
ay

s:
 2

2.
4 

(S
D

,
21

.9
)

–

Fe
rg

us
on

 e
t a

l.,
 2

00
2 

(3
2)

H
U

 ≥
24

 m
o

–
–

–
–

–
–

–
–

–
2.

1/
y;

 P
 =

 0
.0

4 
re

la
tiv

e 
to

ba
se

lin
e

–

Pr
e-

H
U

–
–

–
–

–
–

–
–

–
3.

1/
y

–

H
U

 <
24

 m
o

–
–

–
–

–
–

–
–

–
4.

8/
y;

 P
 =

 0
.4

9 
re

la
tiv

e 
to

ba
se

lin
e

–

Pr
e-

H
U

–
–

–
–

–
–

–
–

–
5.

7/
y

–

C
um

m
in

s a
nd

 A
ni

e,
 2

00
3 

(3
3)

H
U

–
–

–
–

–
–

1.
4/

y 
(S

D
, 2

.1
) |

| |
|

–
–

1.
1/

y 
(S

D
, 2

.4
)

–

C
B

T
–

–
–

–
–

–
4.

3/
y 

(S
D

, 4
.3

)
–

–
0.

9/
y 

(S
D

, 1
.2

)
–

V
ic

ar
i e

t a
l.,

 2
00

5 
(3

4)
H

U
–

10
.2

 (5
.0

)
–

86
 (1

1)
‡

–
–

–
–

–
–

–

Pr
e-

H
U

–
5.

0 
(3

.0
)

–
79

 (9
)

–
–

–
–

–
–

–

* Th
e 

st
ud

ie
s b

y 
M

oo
re

 e
t a

l. 
(2

3)
, B

al
la

s e
t a

l. 
(2

2)
, A

ta
ga

 e
t a

l. 
(3

5)
, C

ha
in

e 
et

 a
l. 

(3
6)

, a
nd

 S
ch

ul
tz

 a
nd

 W
ar

e 
(3

7)
 a

re
 n

ot
 in

cl
ud

ed
 in

 th
e 

ta
bl

e 
be

ca
us

e 
th

ey
 d

id
 n

ot
 re

po
rt 

th
e 

sp
ec

ifi
c 

ou
tc

om
es

 d
es

cr
ib

ed
 in

 th
e 

ta
bl

e.
 A

C
S 

= 
ac

ut
e 

ch
es

t s
yn

dr
om

e;
 C

B
T 

= 
co

gn
iti

ve
 b

eh
av

io
ra

l
th

er
ap

y;
 H

b 
= 

he
m

og
lo

bi
n;

 H
TN

 =
 h

yp
er

te
ns

io
n;

 H
U

 =
 h

yd
ro

xy
ur

ea
; M

C
V

 =
 m

ea
n 

co
rp

us
cu

la
r v

ol
um

e;
 M

TD
 =

 m
ax

im
um

 to
le

ra
te

d 
do

se
; N

R
 =

 n
ot

 re
po

rte
d;

 R
C

T 
= 

ra
nd

om
iz

ed
, c

on
tro

lle
d 

tri
al

.

† R
es

ul
ts

 p
re

se
nt

ed
 fr

om
 fi

na
l a

na
ly

si
s (

19
).

‡ P 
< 

0.
00

1.

§ P 
= 

0.
00

1.

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 23
|| P 

< 
0.

00
1)

; m
ed

ia
n 

tim
e 

to
 fi

rs
t c

ris
is

 w
as

 3
 m

o 
(P

 <
 0

.0
1)

; 2
.5

 p
ai

n 
cr

is
es

 p
er

 y
ea

r (
od

ds
 ra

tio
, 0

.6
–7

.0
).

¶ 42
3 

re
d 

bl
oo

d 
ce

ll 
un

its
 w

er
e 

tra
ns

fu
se

d 
(P

 =
 0

.0
02

).

**
67

0 
re

d 
bl

oo
d 

ce
ll 

un
its

 w
er

e 
tra

ns
fu

se
d.

††
C

ha
ng

e 
fr

om
 b

as
el

in
e.

‡‡
C

oh
or

t s
tu

dy
 g

ro
up

ed
 b

y 
M

SH
 (M

ul
tic

en
te

r S
tu

dy
 o

f H
yd

ro
xy

ur
ea

 fo
r S

ic
kl

e 
C

el
l A

ne
m

ia
) a

ss
ig

nm
en

t.

§§
Su

bg
ro

up
 o

f M
SH

.

|| 
|| P 

< 
0.

00
5.

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 24

Ta
bl

e 
3

To
xi

ci
ty

 R
es

ul
ts

 in
 S

tu
di

es
 o

f H
U

 fo
r S

ic
kl

e 
C

el
l D

is
ea

se
*

St
ud

y,
 Y

ea
r 

(R
ef

er
en

ce
)

G
ro

up
A

dv
er

se
 E

ffe
ct

, n

B
on

e 
M

ar
ro

w
 D

ep
re

ss
io

n
R

as
h 

or
 N

ai
l

C
ha

ng
es

L
eg

 U
lc

er
O

th
er

C
ha

ra
ch

e 
et

 a
l.,

 1
99

6 
(1

9)
H

U
B

on
e 

m
ar

ro
w

 d
ep

re
ss

io
n:

 1
20

N
eu

tro
pe

ni
a:

 1
00

38
23

H
ai

r l
os

s:
 1

8
Fe

ve
r: 

91
A

se
pt

ic
 n

ec
ro

si
s:

 1
4

Ly
m

ph
ad

en
op

at
hy

: 6
8

B
le

ed
in

g 
te

nd
en

cy
: 1

1
H

b 
le

ve
l >

12
8 

g/
L:

 1
1†

54
37

25
H

ai
r l

os
s:

 2
8

Fe
ve

r: 
95

A
se

pt
ic

 n
ec

ro
si

s:
 1

3
Ly

m
ph

ad
en

op
at

hy
: 8

2
B

le
ed

in
g 

te
nd

en
cy

: 4
H

b 
le

ve
l >

12
.8

 g
/L

: 0
†

St
ei

nb
er

g 
et

 a
l.,

 2
00

3 
(2

4)
‡

H
U

Pl
ac

eb
o

N
R

N
R

N
R

C
an

ce
r: 

2
Se

ps
is

/in
fe

ct
io

n:
 1

8
H

ep
at

ic
 fa

ilu
re

: 3
R

en
al

 fa
ilu

re
: 1

4
St

ro
ke

: 8

N
R

N
R

N
R

C
an

ce
r: 

1
Se

ps
is

/in
fe

ct
io

n 
20

H
ep

at
ic

 fa
ilu

re
: 1

0
R

en
al

 fa
ilu

re
: 1

4
St

ro
ke

: 6

el
-H

az
m

i e
t a

l.,
 1

99
2 

(2
6)

H
U

Le
uk

oc
yt

e 
co

un
t <

45
 ×

 1
09  c

el
ls

/L
: 6

N
R

N
R

C
ha

ra
ch

e 
et

 a
l.,

 1
99

2 
(2

7)
H

U
Th

ro
m

bo
cy

to
pe

ni
a:

 1
R

et
ic

ul
oc

yt
op

en
ia

: 5
N

eu
tro

pe
ni

a:
 1

7

N
R

N
R

N
o 

un
us

ua
l i

nf
ec

tio
ns

; k
ar

yo
ty

pi
c 

an
al

ys
is

 sh
ow

ed
 n

o 
di

ff
er

en
ce

 in
pr

op
or

tio
n 

of
 a

bn
or

m
al

 c
hr

om
os

om
es

 b
ef

or
e 

an
d 

af
te

r t
re

at
m

en
t

V
os

ka
rid

ou
 e

t a
l.,

 1
99

5 
(2

8)
H

U
Le

uk
op

en
ia

 o
r t

hr
om

bo
cy

to
pe

ni
a:

 6
N

R
N

R
B

on
e 

m
ar

ro
w

 su
pp

re
ss

io
n 

ra
pi

dl
y 

co
rr

ec
te

d 
w

ith
 h

ol
di

ng
 th

er
ap

y;
 2

pa
tie

nt
s c

ou
ld

 n
ot

 to
le

ra
te

 d
os

e 
in

cr
ea

se
 b

ec
au

se
 o

f m
ar

ro
w

 su
pp

re
ss

io
n

Lo
uk

op
ou

lo
s e

t a
l.,

 2
00

0 
(3

0)
H

U
Se

ve
re

 a
ne

m
ia

: 2
R

eq
ui

re
d 

sp
le

ne
ct

om
y 

fo
r

th
ro

m
bo

cy
to

pe
ni

a 
an

d 
le

uk
op

en
ia

: 2

0
3

0/
40

 w
ith

 m
ut

at
io

ns
 in

 p
53

: N
-r

as
: K

-r
as

 0
/1

0 
w

ith
 c

yt
og

en
et

ic
ab

no
rm

al
iti

es

Fe
rg

us
on

 e
t a

l.,
 2

00
2 

(3
2)

H
U

 ≥
24

 m
o

0
N

R
N

R
N

o 
ad

ve
rs

e 
ev

en
ts

, i
nc

lu
di

ng
 h

em
at

ol
og

ic
 to

xi
ci

ty

H
U

 <
24

 m
o

0
N

R
N

R

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 25

St
ud

y,
 Y

ea
r 

(R
ef

er
en

ce
)

G
ro

up
A

dv
er

se
 E

ffe
ct

, n

B
on

e 
M

ar
ro

w
 D

ep
re

ss
io

n
R

as
h 

or
 N

ai
l

C
ha

ng
es

L
eg

 U
lc

er
O

th
er

V
ic

ar
i e

t a
l.,

 2
00

5 
(3

4)
H

U
N

eu
tro

pe
ni

a:
 3

N
R

N
R

2 
pa

tie
nt

s w
ith

 la
by

rin
th

iti
s

C
ha

in
e 

et
 a

l.,
 2

00
1 

(3
6)

H
U

N
R

13
5

Pr
ev

io
us

 le
g 

ul
ce

r w
as

 a
ss

oc
ia

te
d 

w
ith

 u
lc

er
 d

ur
in

g 
tre

at
m

en
t (

P 
<

0.
00

5)
; p

at
ie

nt
s w

ith
 u

lc
er

 w
er

e 
ol

de
r t

ha
n 

th
os

e 
w

ith
ou

t (
P 

< 
0.

00
1)

; 3
of

 5
 c

as
es

 re
so

lv
ed

 a
fte

r w
ith

ho
ld

in
g 

H
U

Sc
hu

ltz
 a

nd
 W

ar
e,

 2
00

3 
(3

7)
Pa

tie
nt

s w
ith

 S
C

D
an

d 
ca

nc
er

N
R

N
R

N
R

Su
rv

ey
 o

f p
ro

vi
de

rs
: 4

9 
ca

se
s o

f c
an

ce
r i

n 
pa

tie
nt

s w
ith

 S
C

D
 (n

ot
 a

ll
pa

tie
nt

s w
er

e 
re

ce
iv

in
g 

H
U

)

Pa
tie

nt
s w

ith
ca

nc
er

 a
nd

 S
C

D
re

ce
iv

in
g 

H
U

N
R

N
R

N
R

U
nk

no
w

n 
nu

m
be

r o
f p

at
ie

nt
s r

ec
ei

vi
ng

 H
U

, b
ut

 a
m

on
g 

49
 p

at
ie

nt
s w

ith
ca

nc
er

 (i
nc

lu
di

ng
 1

 w
ith

 le
uk

em
ia

), 
3 

w
er

e 
re

ce
iv

in
g 

H
U

* H
b 

= 
he

m
og

lo
bi

n;
 H

U
 =

 h
yd

ro
xy

ur
ea

; N
A

 =
 n

ot
 a

pp
lic

ab
le

; N
R

 =
 n

ot
 re

po
rte

d;
 S

C
D

 =
 si

ck
le

 c
el

l d
is

ea
se

.

† D
at

a 
re

po
rte

d 
in

 re
fe

re
nc

e 
18

.

‡ A
cc

or
di

ng
 to

 g
ro

up
 a

ss
ig

ne
d 

in
 tr

ia
l.

Ann Intern Med. Author manuscript; available in PMC 2012 January 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lanzkron et al. Page 26

Table 4

Summary of the Evidence in Sickle Cell Disease*

Criterion Outcome Evidence Grade Basis for Grade

Efficacy/effectiveness Increase in fetal hemoglobin level High 1 good RCT, plus consistent observational studies

Reduction in pain crises High 1 good RCT, plus consistent observational studies

Reduction in hospitalizations High 1 good RCT, plus consistent observational studies

Reduction in neurologic events Insufficient No studies

Reduction in transfusion frequency High 1 good RCT, plus consistent observational studies

Mortality Low Inconsistent observational studies

Toxicity Leukemia (MDS, AML, or
cytogenetic abnormalities)

Low (supports absence
of increased risk)

Indirect evidence and inconsistent results

Leg ulcer High (supports
absence of increased
risk)

1 good RCT, plus consistent observational studies

Skin neoplasms Insufficient No studies in sickle cell, high-grade evidence in
other populations

Secondary cancer Insufficient No studies in sickle cell, low-grade evidence in
other populations

Adverse pregnancy outcome Insufficient CEHER report

Spermatogenesis defects Low Case reports with evidence of causality

*
AML = acute myelogenous leukemia; CEHER = Center for the Evaluation of Risks to Human Reproduction; MDS = myelodysplastic syndrome;

RCT = randomized, controlled trial.
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