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Abstract
Hydroxyurea (HU) is underutilized in sickle cell disease (SCD). Patient adherence with taking HU
and with required drug monitoring is a provider perceived barrier to HU utilization.(1-4) To
determine process issues that may contribute to these barriers we sought to: 1) describe how
providers monitor and adjust HU dosing in children with SCD in clinical practice and 2) identify
providers' methods of assessing HU adherence. A pilot-tested survey was emailed to American
Society of Pediatric Hematology/Oncology (ASPHO) members. Descriptive statistics were
performed. Thirty-one percent (n=350) of 1128 surveys were returned; 63% (220 of 350) of
respondents provided care for children with SCD. Most providers (64.7%) follow labs monthly
and almost half (41.9%) see patients monthly. The majority (61.9%) adjusted HU dosing using
maximum tolerated dose commonly determined using ANC (27.9%), platelets (26.5%), and WBC
count (11.2%). Adherence was primarily assessed using patient interview (84.2%), MCV (75.3%),
and HbF levels (70.7%). The majority of providers perform monthly monitoring and assess HU
adherence using unreliable methods. Determining optimal frequency of monitoring HU and more
reliable methods of assessing adherence are essential to balancing safety and the elimination of
barriers to promote HU utilization.

Keywords
Hydroxyurea; Monitoring; Adherence; Sickle Cell Disease; Children

HU is efficacious at decreasing painful events, acute chest syndrome, transfusions, and
mortality in SCD.(5-8) Despite this proven efficacy, HU is underutilized (1-4) limiting its
effectiveness. This underutilization has been recognized by the National Institutes of Health.
(2) Key provider-related barriers contributing to HU underutilization revolve around
adherence; specifically, patient adherence with laboratory monitoring and with taking HU.
(1-4) Therefore, determining providers' processes for monitoring HU is the first step towards
addressing these barriers because the intensity of monitoring may affect patient adherence.
Ultimately, addressing these barriers may improve effectiveness of HU.

Currently, there are no evidence-based guidelines outlining HU use in SCD. Data are limited
to expert opinion (9). Although expert reviews such as that completed by Ware (9) are
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important, evidence-based guidelines are necessary. Adult data reveal variation in providers'
practices of: 1) monitoring effects of HU, 2) dose adjustment, and 3) tracking adherence.(4)
Presently, there are no data describing these same providers' practices in children with SCD
from a national perspective in a “real-world” setting. One prior study of HU adherence is
limited to a single institution's experience and may not reflect national practices.(10)
Identifying providers' practices will provide consensus for an approach to HU monitoring,
lay the groundwork for future evaluation of guideline adherence, and determine if novel
methods of assessing and promoting adherence are needed.

We conducted an anonymous survey of pediatric hematology/oncology providers to achieve
the following objectives: 1) describe HU monitoring and dose adjustment and 2) identify
methods of assessing HU adherence. These data were collected as part of a larger study
evaluating HU utilization in children with SCD.(1)

Thirty-one percent (n=350) of 1128 surveys were returned and 63% (220 of 350) of
respondents report caring for children with SCD. The majority of respondents were
physicians (n=213; 96.8%) and half were female (n=103; 46.8%). A diagram of the final
study population and detailed provider demographics have been published.(1) Figure 1
displays the frequency of laboratory and clinical monitoring and the laboratory parameters
used to determine maximum tolerated dose (MTD). To adjust HU dosing, 61.9%used MTD,
27.9% used symptom relief, and 31% made adjustments until reaching a pre-determined
maximum dose with doses ranging between 20-40 mg/kg/day and 30.7% using a maximum
dose of 30-35 mg/kg/day.

Providers discontinued HU when there was no clinical benefit (76.3%), myelotoxicity
(61.4%), and no rise in HbF (17.2%) or mean cell volume (MCV) (11.2%). The majority of
patients were on HU for 6 months (34%) or 1 year (36.3%) until absence of clinical benefit
was determined.

Providers used variable methods to assess adherence. The majority utilized patient interview
(84.2%), MCV (75.3%), or HbF (70%). Other less common methods included obtaining
pharmacy records (22.8%), pill count (7.9%), and patient logs (6%).

The NHLBI recently released draft guidelines for HU use in SCD that propose monitoring
every 8 weeks after patients reach a stable dose.(11) These guidelines identified optimal
frequency of monitoring as a research gap. They also state future research must ensure
toxicities are appropriately monitored, however, this research should also account for the
fact that adherence with monitoring is a barrier to HU use. Our data reveal most providers
follow labs monthly and almost half see patients monthly; however, it is unclear whether
this frequency of monitoring prevents toxicity. In SCD patients, frequent monitoring may be
an important component to non-adherence. In a study of HU adherence, patients identified
obtaining pharmacy refills and coming to clinic as barriers to HU use.(10) Interestingly, only
28% of families felt more frequent clinic visits would improve adherence.(10)

Our study suggests the most common reason HU was permanently discontinued was the
absence of clinical benefit, not toxicity. Our data do not reveal how often providers
discontinue HU for this reason; they only reveal providers identified absent clinical benefit
as the most common reason HU was discontinued. This finding was interesting in light of
the potential for HU to prevent end-organ damage. Our prior work found acute chest
syndrome and pain were the most common reasons for starting HU, not improved end-organ
function (1). Therefore, if these clinical symptoms did not improve, patients were likely
perceived to have not had clinical benefit. Furthermore, since non-adherence is a barrier to
HU utilization, it is possible that the lack of clinical benefit may be due, in part, to non-
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adherence. In a prior efficacy trial of HU in children with SCD, treatment failures were
likely due to non-adherence instead of lack of efficacy.(12)

Existing data reveal adjusting HU using MTD is associated with higher Hb, MCV and HbF.
(9) MTD is also associated with improved and sustained clinical and hematological benefit.
(9, 13) Although MTD was the most common method used to adjust HU dosing, our data
reveal 40% of providers do not use this proven method. Guidelines outlining use of MTD to
adjust HU dosing may guide providers in using HU to its maximum benefit.

We found HU adherence was assessed by the majority of providers using patient interview
or a laboratory parameter (MCV, HbF). Patient interview is a proven unreliable method of
assessing adherence in children with asthma.(14, 15) We have no reason to believe this
method will be more reliable in SCD; however, this has not been specifically studied. Future
research should evaluate the reliability of patient interview for assessing HU adherence. In
addition, using laboratory parameters to assess HU adherence can be misleading since data
reveal adherence explained only 23% of HbF variability, suggesting patients could be
adherent and benefit clinically from HU without a good HbF response.(16) Although HU
can increase MCV and HbF, this response is not universal thus alternative methods of
assessing adherence may be more appropriate for these patients. A minimal number of
providers used methods likely more reliable for assessing adherence such as following
pharmacy records, pill count, or patient logs.(17) A combination of methods (i.e. pill count,
patient logs, pharmacy refills, laboratory parameters) is likely most optimal for assessing
adherence. Novel methods of promoting adherence, such as using text messaging that is
proven effective in diabetes (18), may also be needed. Optimizing adherence is necessary as
opposed to not prescribing HU because of non-adherence.

Our study includes some limitations. Our targeted population included only ASPHO
members and practice patterns of non-ASHPO members may differ. The data were self-
reported. Since the survey was anonymous, we have no data about non-responders and we
could not analyze practice variability within the same institution. The use of blood smear
examination or ANC to assess adherence was not asked. Future work should assess these as
markers of adherence. The response rate was 31%. A definitive response rate deemed
acceptable or unacceptable in survey research is not clear from the literature. Other
published survey research reveals similar response rates.(19-21) Moreover, the denominator
of ASPHO members practicing hematology and caring for children with SCD is unknown
by ASPHO.

In summary, the majority of providers report monthly monitoring of patients on HU, almost
half do not adjust dosing using the proven method of MTD, and the majority assess
adherence with an unreliable method. Research into the optimal frequency of monitoring,
promoting use of MTD to adjust dosing, and alternative methods of promoting and assessing
adherence are necessary to encourage safe utilization of HU. Addressing these issues
becomes vital as indications for HU in SCD are expanded.

Methods
These survey data were collected as part of a larger study evaluating the utilization of HU in
children with SCD, thus details of the survey methodology have been previously published.
(1) Briefly, an anonymous web-based cross-sectional survey was emailed to 1316 pediatric
hematology/oncology providers identified through the published 2008 ASPHO membership
directory. Of those emailed, 247 returned undeliverable, 59 of these emails were
subsequently successfully delivered, and thus the final number of emails successfully
delivered was 1128. A flow diagram documenting the final study population has been
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previously published.(1) ASPHO is an international professional society of pediatric
hematology/oncology providers who are in some way involved in the care and/or research of
children with cancer and other blood diseases. Details of the survey questions that address
the main objectives of the manuscript are included as supplemental material. To increase
honesty in responding, the survey was administered anonymously. The anonymity of the
survey also allowed for individuals to report on their own practice even if this practice
differed from other providers within the same institution. Initial and reminder emails were
sent from February through July 2009. Reminder emails were sent only to non-responders
and the survey program allowed for a single survey completion from each email address.
Providers that take care of patients with SCD were identified by the survey, thus the
response rate includes all respondents; however, the remainder of the data include only those
individuals providing care to children with SCD.

The study was approved by the Institutional Review Board of the Children's Hospital of
Wisconsin, which allowed for completion of the survey to serve as implied consent.

Statistical Analysis
All statistical analyses were conducted with SPSS version 14.0 for Windows (SPSS,
Chicago, IL). Respondent survey data were extracted, inputted by hand into SPSS, and
descriptive statistics were calculated. We report proportions, medians, and interquartile
ranges (IQRs) as appropriate.
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Figure 1.
Provider-reported Methods of Monitoring Hydroxyurea.
A) Frequency of Laboratory Monitoring and Clinic Follow-up while Patients are Taking
Hydroxyurea. B) Laboratory Parameters used to Determine Maximum Tolerated Dose of
Hydroxyurea. Data for Figure 1B were derived from the following question: “How do you
adjust hydroxyurea dosing? Choose ALL that apply”. Potential answers were: 1) Increase
until maximum tolerated dose (Please indicate criteria used below. i.e. WBC, platelets,
hemoglobin), 2) Until maximum dose reached (Please indicate the maximum mg/kg/day
below), 3) Symptom relief.” Data depicted reflect providers' that selected answer number 1
above and indicated the specific criteria used to determine maximum tolerated dose.
ANC=absolute neutrophil count; WBC=white blood cell; MCV=mean cell volume;
Cr=creatinine;
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