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Abstract

Background—Oncology drug shortage is associated with increased patient adverse events and
decreased enrollment on clinical trials for adult patients; however, the impact of oncology drug
shortages has not been well studied in children with cancer.

Procedure—The Children’s Oncology Group (COG) distributed a 5-item survey to 226 COG
site-specific principal investigators (P1’s) and 14-item survey to 161 COG pharmacists to gather
data the impact of chemotherapeutic shortages on clinical trials and patient care.

Results—The response rate was 66.4% (150/226) for PI’s and 29.8% (48/161) for pharmacists.
COG PI’s reported daunorubicin (73%), methotrexate (56%), asparaginase/PEG-asparaginase
(42%), doxorubicin (26%), thiotepa (21%), and cytarabine (20%) were most commonly in
shortage, while COG pharmacists reported daunorubicin (80%), methotrexate (66%), vincristine
(21%), thiotepa (41%), asparaginase/PEG-asparaginase (34%), and cytarabine (34%) were most
commonly in shortage over the past two years. Pharmacists were twice as likely to report a
shortage compared with PI’s (OR 2.1, 95% ClI: 1.6-2.7, P<0.0001). Fifty percent (74/147) of COG
P1’s reported at least one patient enrolled on a clinical trial was impacted by drug shortage, and
66% (98/148) of COG PI’s reported at least one patient had clinical care impacted by drug
shortage.

Conclusions—Chemotherapy shortages remain widespread across institutions, hinder clinical
trials, and may contribute to adverse events in children with cancer. The increased frequency of
chemotherapy shortages reported by pharmacists suggests that pharmacist efforts may mitigate
negative impact chemotherapy shortages. Over half of pediatric institutions are implementing
recommendations to address shortages, such as cross-institutional collaboration and center-level
guidelines.
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INTRODUCTION

Drug shortages represent a growing challenge for the American healthcare system. Generic
sterile injectable drugs, including chemotherapeutic agents and intravenous fluids, have been
particularly susceptible to these shortages, with shortages more than quadrupling from 2005
to 2011.[1] The factors causing such shortages include shortage of raw materials,
manufacturing problems due to aging facilities, limited profit margins for generic drugs,
emerging drugs with increased profitability, and long delays for FDA approval; these factors
have been previously discussed in detail elsewhere.[2-4] Numerous surveys have described
how shortages of generic sterile injectable drugs place substantial burden on the healthcare
system by increasing cost of care, labor needed to manage shortages, and patient adverse
events.[5-10] Chemotherapeutics represent one of the largest drug classes impacted by
recent drug shortages.[11]

Three recent surveys have assessed the impact of recent drug shortages in adult oncology
practice.[7, 8, 12] In 2011, the Hematology/Oncology Pharmacy Association surveyed 243
pharmacists, assessing the impact of oncology drug shortages on resources, patient safety
and care, and research.[7] Respondents noted increased cost of care, reimbursement
challenges, and labor to manage shortages. Additionally, 16% of respondents reported near
miss errors, and 6% reported one or more actual medication errors. Forty-four percent of
institutions found that drug shortages impacted clinical trials. This impact was primarily
manifest as delays or stops in patient enroliment (44% and 67% respectively). The second
study surveyed 214 oncologists from September 2012 to March 2013; it found that
chemotherapy shortages prevented physicians from prescribing desired medications and led
to substantive regimen changes, treatment delays, as well as increased cost of care. The most
recent study surveyed 398 pharmacy directors from March 2013 to April 2013 and was
conducted after the reauthorization of the Prescription Drug User Fee Act, the Generic Drug
User Fee Amendments of 2012, and the Food and Drug Administration Safety and
Innovation Act of 2012. This study confirmed prior findings regarding the widespread
nature of drug shortages in adult oncology practice and its negative impact on patient care.
[12] However, none of these studies evaluated the impact of drug shortages on pediatric
oncology practice or pediatric oncology clinical trials.[8] Although drug shortages are
known to lead to protocol deviation in clinical trials that can cause significant complications
for data interpretation, these effects have not been studied in a systematic way.[13]

In 2013, a Working Group on Chemotherapy Drug Shortages in Pediatric Oncology was
formed to provide recommendations for oncology care providers and institutions treating
children with cancer.[14] This group recommended optimizing drug usage to mitigate the
effects of current shortages, creating policies that give equal priority to evidence-based use
of drugs whether inside or outside of clinical trials, developing improved methods for
sharing information about drug shortages, and sharing drugs in shortage among institutions,
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supporting national measure to prevent drug shortages, and developing a strategy for
stakeholder engagement in managing drug shortages.[14]

In order to further assess the current impact of chemotherapy shortages in pediatric
oncology, a survey was created and distributed to Children’s Oncology Group (COG)
principal investigators (P1’s) and COG pharmacists. This survey was designed to assess the
impact of the chemotherapy shortage on clinical trial and patient care and safety in pediatric
oncology.

A 5-item survey for U.S.-based COG principal investigators (PI’s) and a 14-item survey for
U.S.-based COG pharmacists were developed and administered by the Children’s Oncology
Group (COG) (supplemental materials). The authors developed and pilot tested the
electronic survey. The survey was deployed using the Web-based survey tool
SurveyMonkey (SurveyMonkey, Palo Alto, CA). Requests to participate were sent via e-
mail to the primary PI at each U.S. COG site (226 site-specific PI’s). Survey requests were
all sent to one responsible-designated investigator pharmacist at each U.S. COG site; 161
pharmacists requests were sent as a responsible investigator pharmacist as not all COG
institutions had this role identified.

The electronic invitation included the purpose of the survey and a link to the survey
instrument. The invitation stated that the survey was voluntary and confidential, and that the
data collected would only be reported in aggregate so that individual participants and
institutions could not be specifically identified. Each survey requested one participant per
institution. Data collection began on March 12, 2014 and ended on April 14, 2014. Two
electronic reminders were sent out prior to the closing date to encourage survey completion.

The pharmacist-targeted survey contained demographic and facility information including
participation in a group purchasing organization (GPO), wholesaler use, and facility type.
The survey asked participants to identify medications from a list of chemotherapy drugs that
have been difficult to obtain at their institution over the past two years. Additionally,
participants were asked to identify medications whose shortage has limited enrollment on
COG and non-COG clinical trials. The survey also allowed for identification of non-
chemotherapy supportive care medications in shortage. To evaluate the impact of drug
shortages on patient care, the survey asked participants to estimate the number of medication
errors due to drug shortage over the past 2 years. The survey also assessed how institutions
specifically addressed drug shortages and whether they had administered center-level
guidelines to address these issues.

The Pl-targeted survey was designed to focus on the impact of drug shortages on clinical
trials. It contained an identical question from the pharmacist survey, which asked
participants to identify medications from a list of chemotherapy drugs known to be at risk
for shortage. Additionally, it asked investigators to estimate the number of patients who had
their clinical trial or clinical care impacted by drug shortages over the past 2 year and to
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estimate whether drug shortages had lead to an increased incidence of adverse events at his
or her institution.

Univariate statistics were used to summarize response data and logistic regression models
were used to determine whether pharmacists or principal investigators had differential
reporting of drug shortages, overall and then for each individual medication.

This study was deemed exempt from Institutional Review Board (IRB) approval by The
Children’s Hospital of Philadelphia IRB.

A total of 203 survey responses were received. Two pharmacist survey responses and 3 Pl
survey responses were excluded due to data indicating that the centers described were
outside of the U.S. The response rate was 29.8% (48/161) for the pharmacist survey and
66.4% (150/226) for the PI survey.

Table 1 presents the facility characteristics as reported from the pharmacist survey. The
majority of institutions represented in the pharmacist survey were university medical centers
(57%). Seventy-four percent of respondents (35/47) stated that their organization was part of
a group purchasing organization. Most common wholesalers used by participants were
AmeriSourceBergen (33%, n=15), Cardinal (35%, n=16), and McKesson (30%, n=14).

The drug shortages reported most commonly to impact clinical trials were daunorubicin
(37% or 15/41 pharmacists, 35% or 44/127 PI’s), methotrexate (7% or 3/41 pharmacists,
11% or 14/127 PI’s), asparaginase/PEG-asparaginase (2% or 2/41 pharmacists, 9% or
12/127 PI’s), doxorubicin (5% or 2/41 pharmacists, 11% or 14/127 PI’s), cytarabine (5% or
2/41 pharmacists, 6% or 8/127 PI’s), and thiotepa (7% or 3/41 pharmacists, 2 % or 2/127
P1’s) (Figure 1). One-third of pharmacist respondents (15/45) reported a shortage of non-
chemotherapy supportive agent including fluids and electrolytes, such as D5 % normal
saline and sodium bicarbonate, as well as other supportive care agents, such as leucovorin
and dexrazoxane.

The concordance between pharmacist and PI responses regarding the most common
chemotherapy shortages was reasonably strong (Figure 2). Of note, pharmacists were twice
as likely to report a chemotherapy drug shortage in comparison with principal investigators
(OR 2.1, 95% CI: 1.6-2.7, P<0.0001). In the models for individual medications, the
increased reporting of shortage for pharmacists vs. principal investigators remained
statistically significant, for the drugs vincristine (OR 9.2, 95% CI: 4.0-21.3, P<0.0001),
thiotepa (OR 3.2, 95% CI: 1.5-6.7, P=0.0023), 5-Fu (OR 10.7 95% CI: 2.1-55.4, P=0.0047)
and cisplatin (OR 7.1, 95% CI: 1.7-29.8, P=0.0075).

Fifty percent (74/147) of COG PI’s reported that at least one patient enrolled on a clinical
trial was impacted by drug shortage, and 66% (98/148) of COG PI’s reported that at least
one patient had clinical care impacted by drug shortage. Thirty four percent (14/41) of
pharmacist respondents reported at least one near miss or actual medication errors due to
drug shortage.
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The most common institutional methods of addressing drug shortages included obtaining
drugs from an outside institution (66% or 25/38), converting to another form of drug (50%
or 19/38), cohorting patients (47% or 18/38), changing regimens (39% or 15/38), preventing
enrollment on a clinical trials (26% or 10/38), and reducing drug dosage for treatment (16%
or 6/38). Seventy-three percent of pharmacist respondents (30/41) reported that center level
guidelines to address drug shortages had been issued by their institution.

DISCUSSION

Here we report an initial assessment of the national impact of drug shortages on clinical
trials and clinical care in the pediatric oncology community. Drug shortages remain common
and affect two-thirds of institutions treating children with cancer, impact clinical trials, and
may contribute to adverse events. The higher reporting rate of drug shortages by pharmacists
than physicians suggests that pharmacists’ efforts may help avert certain local drug
shortages. Importantly, more than half of pediatric institutions are implementing
recommendations to address shortages, such as collaborating with other institutions and
issuing center-level guidelines.

Both pharmacist and PI survey responses suggested that a large number of chemotherapy
drugs remain in shortage, and that these shortages negatively impact clinical care and
clinical trials. Consistent with prior studies at adult oncology institutions that identified
frequent shortages in daunorubicin, liposomal doxorubicin, cytarabine, bleomycin,
fluorouracil, and paclitaxel, we found that daunorubicin, doxorubicin, cytarabine,
bleomycin, methotrexate, asparaginase/PEG-asparaginase, and thiotepa were most
commonly reported to be in shortage over the past two years. [7, 8] More granular data are
needed to investigate the impact of drug shortages on protocol deviations and clinical trial
outcomes.[13] Our study also demonstrated that two-thirds of institutions have one or more
patients with clinical care impacted by drug shortage.

Pharmacists were twice as likely to report chemotherapy shortages than physicians. This
difference may reflect success in pharmacists’ efforts to mitigate certain drug shortages by
obtaining drug supply from an outside institution or by other methods that may compensate
for shortages. For example, pharmacists may address a medication shortage by purchasing
an alternative vial size. While such compensatory mechanisms are not evident to the
physician or patient, these mechanisms may create complexities within the pharmacy
regarding safety and training of personnel on the new vial size, physical stocking
modifications, and required changes within the institutional electronic medical record for the
alternate vial size. Moreover, complex ordering requirements for agents in shortage, such as
thiotepa are more evident to pharmacists than physicians.[15] The increase in complexity
and resulting costs of care given the additional time required to address the shortages have
previously been discussed.[7]

The recent Working Group on Chemotherapy Drug Shortages in Pediatric Oncology
specifically recommended optimizing drug usage to mitigate the effects of current shortages,
developing improved methods for sharing information about drug shortages, and sharing
drugs in shortage among institutions.[14] Our study suggested that methods to optimize drug
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usage, such as cohorting or scheduling patients to receive a scarce drug on the same day to
minimize waste, are implemented in approximately one-half of institutions. The reasons for
the incomplete implementation of this recommendation are not known. Some centers may
find cohorting of patients neither necessary nor feasible. Other institutions may be
responding to billing requirements of third-party payors for partial vial use by not cohorting
patients. Although we did not investigate this in detail, it is possible that perceived or real
billing requirements of third-party payors may contribute to the limited use of this approach.
Understanding the role of these potential reasons will likely be important if chemotherapy
shortages persist or worsen.

While previous studies reported that approximately 30% of adult hospitals have center level
guidelines to address shortages, 73% of pharmacist respondents reported center level
guidelines. The substantially higher percentage of pediatric centers with pharmacy
guidelines may be due to the collaborative nature of pediatric oncology and participation in
COG clinical trials that provide specific guidelines for chemotherapy adjustment for
medication shortages. Of note, 66% of pharmacist respondents reported that they obtained a
drug in shortage from another institution whereas only 7% of adult respondents reported
being able to do so.[7, 8] Although the administrative mechanisms necessary for sharing of
drugs in shortage varies between institutions, it is encouraging that the majority of pediatric
institutions caring for children with cancer are already engaging in this process.

This study has several limitations. While the sample size provided a basic characterization
of drug shortages in pediatric oncology in the United States, the sample size is insufficient to
quantify precisely the specific number of patients impacted by drug shortages. Further, the
response rate amongst pharmacists was relatively low. Since the survey was administered
anonymously, differences in responding and non-responding institutions cannot be
characterized. In addition, since the survey did not request extensive details on shortage
related adverse events, the survey is unable to characterize the shortage related adverse
events in detail. As with any retrospective survey, respondents may be susceptible to recall
bias for both more recent shortages and more severe shortage effects. Finally, the one
pharmacist and principal investigator respondent per an institution may not represent the
complete impact of drug shortages at their institution.

Despite these limitations, this survey highlights a range of issues related to generic
medication shortages for children with cancer. Specifically, these data clearly demonstrate
that medication shortages are an important problem facing a majority of institutions treating
children with cancer and hindering ongoing clinical trials. The collaborative response of
centers to these shortages suggests that certain institutional strategies to mitigate these
shortages, notably increased pharmacist efforts, establishment of institutional guidelines,
and a collaborative approach to medication procurement, may be effective. Despite
implementation of some of these efforts, two thirds of institutions treating children with
cancer have reported adverse effects on patient care by chemotherapy and supportive care
drug shortages. The widespread impact of these shortages across institutions provides an
impetus for a coordinated national effort to prevent future shortages. Such an effort will
require the engagement at a national level of patients and patient advocacy groups, the
pharmaceutical industry, health systems, and the federal government.
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Figure 1.
Percentage of pharmacist and principal investigator respondents that indicated that shortage

of chemotherapy agent impacted clinical trials over the past two years.
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Institutional characteristics as determined from pharmacist survey.

Table 1

No. (%) Respondents (n = 47)

Institution Type
University Medical Centers 27 (57%)
Community Hospital 3 (6%)
Freestanding Children’s Hospital 17 (36%)
Children’s Hospital within an Adult Hospital | 13 (28%)
Other 7 (15%)

Group Purchasing Organization

No. (%) Respondents (n = 47)

Yes

35 (74%)

No

12 (26%)

Wholesalers Used

No. (%) Respondents (n = 46)

AmeriSourceBergen 15 (33%)
Cardinal 16 (35%)
McKesson 14 (30%)
Morris and Dickson 4 (9%)
Other 2 (4%)
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