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ABSTRACT

Objective Cancer drug stockouts occur at high
frequencies globally, however, their effects on treatment
are understudied in sub-Saharan Africa (SSA). We aimed to
determine whether causes of suboptimal cancer treatment
prescriptions differed between periods of stockout and full
treatment supply.

Design A retrospective cohort study of systemic therapy
prescriptions for patients diagnosed with the twelve most
common solid tumour cancers treated in 2016.

Setting Princess Marina Hospital in Gaborone, Botswana.
Participants Patients in the retrospective cohort who
experienced any suboptimal treatment events, defined

as >7 days delay or switch from guideline-concordant
initiated therapy.

Primary and secondary outcome measures Frequency
of delays and patterns of prescription changes for specific
regimens and cancer types.

Results 167/378 patients contributed to 320 suboptimal
events (115 therapy switches, 167 delays and 38 events
with both), over 1452 total chemotherapy cycles received.
Events during stockout were 43% delays, 43% switches
and 14% both during stockout periods and 67.2% delays,
24.4% switches and 8.4% both during non-stockout
periods (p<0.001). Majority of switches involved de-
escalation of initially prescribed guideline-recommended
regimens in patients with breast cancer, Kaposi sarcoma
and patients with colorectal cancer, which occurred

more frequently during periods of drug stockouts. Among
patients with breast cancer, substitution of docetaxel for
paclitaxel event occurred exclusively during paclitaxel drug
stockout. Delays of >7 days events were most frequent in
breast cancer patients receiving paclitaxel during stockout,
and combination doxorubicin and cyclophosphamide even
during periods of non-stockout.

Conclusions The aetiology of suboptimal events differed
during stockout and non-stockout periods. Prescription
patterns that involved de-escalation of initiated therapy
and substitution of paclitaxel with docetaxel occurred
frequently during periods of drug stockout. Further
research needs to be conducted to understand the

impact of stockout on survival and barriers to maintaining
essential cancer medicines supplies in SSA, and the
factors driving frequent delays in therapy delivery.

6

Strengths and limitations of this study

» Retrospective analysis of all patients with the twelve
most common solid tumours treated with chemo-
therapy at Princess Marina Hospital in 2016 leading
to an unbiased population sample.

» Rigorous measurement of stockout exposure and
strict criteria for ascertainment of suboptimal events
including delay and regimen switch.

» Does not include patient outcome data.

» No data on reasons for physicians’ decision making
for switches and delays during stockout and non-
stockout periods.

INTRODUCTION
As the global cancer burden increases, more
cancer medicines have been added to the
WHO Model Lists of Essential Medicines
(EML) and subsequently national medicines
lists, including that of Botswana, to promote
and expand access to cancer drugs globally." ?
However, there are significant challenges with
ensuring reliable medicine supply, especially
in low-income and middle-income countries.
An analysis of the alignment of national EML
of countries in sub-Saharan Africa (SSA)
compared with the WHO EML showed that a
median number of 14 cancer drugs appeared
on national essential medicines list (NEML)
out of 25 cancer medicines in 2013 and 16
added in 2015.°* Furthermore, even when
medicines are listed on the NEML, it does not
guarantee availability at the point of care for
patients.”®

The WHO’s working group definition
of stockout is ‘the complete absence of the
medicine, health product or vaccine at the
point of service delivery to the patient,”” while
medicine shortage is defined as ‘the supply
of medicines, health products and vaccines
identified as essential by the health system
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is considered to be insufficient to meet public health
and patient needs.”” In prior studies, anticancer medi-
cine shortage in high-income countries have resulted in
suboptimal therapy delivery because of drug substitu-
tions that are less effective, more toxic and/or resulted
in treatment delays.g_11 Suboptimal therapy delivery
leads to reduced chemotherapy relative dose intensity,
which leads to inferior disease free and overall survival
outcomes.' ™"

There is a critical gap in our knowledge of the role
of drug stockouts in oncology treatment in SSA coun-
tries, such as Botswana.'®'” These data are important for
understanding the clinical impact of stockouts on patient
care, in order to inform future design of targeted inter-
ventions to improve cancer therapy delivery. In Botswana,
the Central Medical Store (CMS) is a semiautonomous
public sector agency that procures and distributes drugs
and other healthcare commodities to health facilities,
including clinics and hospitals, throughout the country.”
We have previously shown that the Botswana NEML has
one of the highest alignments with the WHO EML for
cancer medicines in SSA, however, 40% of the drugs on
the Botswana NEML were out of stock for a median of
a month in previous years,” which doubled the risk of
suboptimal therapy delivery.'”

The objective of this analysis is to determine whether
the causes of suboptimal treatment course differed
between periods of stockout and full treatment supply by
assessing prescription patterns of systemic chemotherapy
in cancer patients in Botswana whose regimens did not
meet standard guidelines defined by either switches or
delays in therapy. Medicines included in the analysis are
currently listed on the WHO EML and the Botswana
NEML.

METHODS

Study design and participants

The present analysis examines only patients with at least
one suboptimal therapy event in our retrospective cohort
study of patients diagnosed with the most common solid
tumour malignancies who received systemic chemo-
therapy at Princess Marina Hospital (PMH), Gabo-
rone, Botswana in 2016."” The overall study population
consisted of 378 patients, age >18 years, with a diagnosis
of any of the following 12 cancers—Kaposi sarcoma (KS),
anal, breast, cervical, colon, oesophageal, head and neck,
lung, nasopharyngeal, ovarian, prostate, rectal or uterine
cancers who received at least one cycle of systemic treat-
ment from 1 January 2016 to 31 December 2016. Patients
with haematological malignancies were excluded because
of variability in care referrals—a proportion of patients
are referred to South Africa, India and private hospitals
within Botswana for specific expertise and multiple lines
of treatment when indicated. The study site was PMH
because the hospital provides the highest volume of
cancer care in Botswana.

Drug stockout measures

The presence of drug stockout was defined as a stockout
of >lday(s) of any drug component of the patient’s
intended regimen occurring within a cycle interval. The
stockout duration was computed as the first date the drug
was reported as being out of stock by CMS to the date the
drug was reported as being back in stock. The duration
of a drug stockout occurring during a cycle interval for
any of the drugs prescribed during the respective cycles
was calculated as the days of stockout between cycles,
for example, cycle 1day 1 and cycle 2day 1 (figure 1). If
more than one drug stockout occurred during a cycle,
the higher number of stockout days was assigned to
total stockout days for the cycle. Duration of stockout
and association with treatment cycle for each patient
was generated via six possible patterns of stockout: (1)
stockout occurred during cycle interval, (2) stockout
started before cycle 1 but continued during cycle interval,
(8) stockout started during cycle interval and extended
into cycle 2, (4) stockout occurred prior to cycle 1, (5)
stockout occurred after cycle 2 and (6) stockout started
prior to cycle 1 and extended beyond cycle 2 (figure 1).
In any permutation in which the stockout occurred prior
to, or after a specific cycle interval, we were unable to
know whether therapy was initiated on time vs therapy was
delayed. Therefore, patterns 4 and 5 were excluded from
the analysis respective to events occurring between cycle 1
and cycle 2. Permutations in which cycle 2 of the ‘stockout
drug’ was administered (pattern 3 and 6), although there
a stockout reported by CMS, may represent an external
supply of medicines outside of CMS, for example, out-
of-pocket purchase by the patient. If a stockout occurred
after cycle 2, then it was not considered an exposure
during cycle 2 because the stockout occurred after the
cycle (pattern 5). Each cycle was considered a separate
event. Using STATA (STATA), the number of days of drug
stockout per specific cycle interval was calculated.

Outcome measures

Three units of analyses are incorporated in our analyses—
patient level, event level and the total number of cycles
received. Each patient may have multiple events and
multiple cycles based on the treatment regimen prescribed.
Statistical analysis for the different level of analyses is
discussed below. We included only patients who had at least
one suboptimal therapy delivery event during their treat-
ment course, defined as =7 days delay, missed cycle or switch
in initially prescribed standard guideline regimen. These
parameters were used to define suboptimal therapy event
because any of these events can result in reduced relative
dose intensity of therapy which has been associated with
inferior cancer specific and overall survival."® ¥ Suboptimal
therapy events are analysed per event. We then evaluated the
proportion of these that occurred during periods dichoto-
mised into stockout versus drugs being in adequate supply
(non-stockout). Standard guideline regimen was deter-
mined using the National Comprehensive Cancer Network
(NCCN) Clinical Practice Guidelines in Oncology20 and
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Figure 1

Duration of stockout during each treatment cycle for each patient was generated via six possible patterns of

stockout association with cycle interval: (1) stockout occurred during cycle interval, (2) stockout started before cycle one but
continuing during cycle interval, (3) stockout started during cycle interval and extended into cycle 2, (4) stockout occurred prior
to cycle 1, (5) stockout occurred after cycle 2, (6) stockout started during cycle one and extended into cycle 2. Adapted from

Martei et al.'”

the WHO supplemental guidelines for the WHO EML.!
Our definition of suboptimal therapy events assumes that
the original therapy initiated was the optimal therapy based
on patient and disease characteristics and provider’s clinical
reasoning, however, we are unable to verify this with specific
data based on the study design of our retrospective analysis.

Statistical analysis

xg or Fisher’s exact tests (when expected cell size was <5) were
used to compare dichotomous patient baseline characteris-
tics, and Student’s t-test were used to compare continuous
variables between stockout versus non-stockout periods on
a patientlevel. x* test or Fisher’s exact tests (when expected
cell size was <5) were used to compare the proportion of
switches and delays occurring during periods of stockout vs
non-stockout using an eventlevel analyses. The Wilcoxon
rank sum tests were used to compare median delays (if
delay was >7days) by stockout versus non-stockout. The
frequency of cycles with discrete prescription patterns that
deviated from guideline-initiated therapy were computed
including: >7days delay in cycle length and switch from
guideline-concordant initiated therapy. We then compared
the proportion of those patterns present during periods of
drug stockout versus non-stockout periods. The analysis was
limited to prescription patterns that occurred more than
once during the study period. All analyses were performed
in STATA V.16.

Patient and public involvement

It was not possible to involve patients or the public in the
design, or conduct, or reporting, or dissemination plans
of our research.

RESULTS

Of the 378 patients with one of the ten most common
solid tumour malignancies who received systemic cancer
therapy at PMH in 2016, 167 (44.2%) patients experi-
enced at least one suboptimal treatment course.

A summary of baseline characteristics of the 167 patients
are presented in table 1 using a patient-level analysis of
the data. A significant majority of the patients included
in the analysis were female (68.9% vs 24% male, p=0.012)
and the mean age for patients who experienced a drug
stockout during their treatment was significantly higher,
51.9, vs 47.6 years for patients who did not experience a
drug stockout during their treatment course (p=0.044).
Breast cancer was the most common cancer diagnosis
(54.5%) during both stockout and non-stockout periods.
There were no significant differences in the distribu-
tion of HIV status, stage, cancer diagnosis and intent of
guideline-initiated therapy (table 1).

Of the 320 total suboptimal events, the majority of
events during non-stockout were delays. table 2 provides a
detailed breakdown of event-level analysis which showed
a significant difference in the distribution of events
during stockout compared with non-stockout. There was
no significant difference in the median duration of delay
during periods of stockout (17 days, IQR 11-29) vs non-
stockout (14.5days, IQR 11-22) in those with suboptimal
courses (p=0.16).

Figure 2 shows the frequency of specific prescription
patterns that represented a switch from guideline-initiated
therapy to an alternative regimen based on eventlevel
analysis. Breast cancer patients experienced the highest
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Periods of drug Periods of no drug
Patient characteristic stockout (N=113) stockout (N=54) Total (N=167) P value

Missing 2 1 3

Female 85 (75%) 30 (56%) 115 (68.9%) 0.012

Missing 7 (6%) 5 (9%) 12 (7.1%)

HIV-positive 30 (27%) 18 (33%) 48 (28.7%) 0.98

Missing 51 (45%) 17 (31%) 68 (40.8%)

Stage 1 1 (1%) 0 (0.0%) 1 (0.6%) 0.897

Stage 3 32 (28%) 11 (20%) 43 (25.7%)

Missing 46 (41%) 30 (56%) 76 (45.5%)

Anal cancer 1 (1%) 2 (4%) 3 (1.8%) 0.117

Cervical cancer 2 (2%) 1(2%) 3 (1.8%)

Head & neck cancer 4 (4%) 1(2%) 5 (3.0%)

Lung cancer 2 (2%) 0 (0%) 2 (1.2%)

Ovarian cancer 4 (4%) 3 (6%) 7 (4.2%)

Rectal cancer 4 (4%) 1 (2%) 5 (3.0%)

Intent of treatment regimen

Palliative 32 (28%) 23 (43%) 55 (32.9%)

frequency of therapy switches with most occurring during  of guideline-concordant initiated therapy. For patients
periods of drug stockout. The most common therapy  with breast cancer, this included de-escalation from pacl-
switches across the disease groups involved de-escalation  itaxel and trastuzumab combination for patients with

Event-type Periods of drug stockout (n (%)) Periods of non-stockout (n (%)) Total N (%) P value

Switches 86 (43) 29 (24.4) 115 (36)
Total 201 119 320
4 Davey S, et al. BMJ Open 2021;11:€049574. doi:10.1136/bmjopen-2021-049574



Comparative frequency of therapy switches occuring during periods of stockout vs no drug stockout
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Figure 2 Comparative frequency of therapy switches occurring during periods of drug stockout versus periods when

full stock of drugs is available. The respective diagnoses for which the regimen was prescribed are listed on the left. The
respective total number of cycles for each diagnosis in our cohort is included in parenthesis. Bar graphs show patterns
occurring more than once. *Describes switch from preceding regimen to following regimen. 5FU, fluorouracil; ABV, doxorubicin,
bleomycin, vincristine; AC, doxorubicin and cyclophosphamide; carbo, carboplatin; Cis/Gem, cisplatin and gemcitabine;

CMF, cyclophosphamide, methotrexate, fluorouracil; FOLFOX, fluorouracil, oxaliplatin, leucovorin; KS, Kaposi Sarcoma; NP,
nasopharyngeal cancer; TH, paclitaxel and trastuzumab; XELOX, capecitabine and oxaliplatin.

HER?2 positive breast cancer to paclitaxel alone. Patients
with colorectal cancer also had cycles during which there
was de-escalation of therapy from capecitabine and oxal-
iplatin combination to capecitabine or intravenous fluo-
rouracil only. For patients receiving treatment for KS,
there was a switch from a combination of doxorubicin,
bleomycin and vincristine to bleomycin and vincristine
only. For patients with KS, this occurred equally during
periods of drug stockout and non-stockout periods
(figure 2). The second most frequent therapy switch
for breast cancer patients was a within class switch from
paclitaxel to docetaxel which occurred exclusively during
periods of drug stockout (figure 2). Additional prescrip-
tion behaviours are shown for other disease groups in
figure 2.

Delays in cycle length of 7 or more days were more
common in regimens prescribed for patients with breast
cancer (figure 3). The regimens that experienced the
most frequent delays were during cycles when patients
received paclitaxel or when patients received a combina-
tion of doxorubicin and cyclophosphamide. Events corre-
sponding to paclitaxel delays occurred more frequently
during periods of stockout, whereas delays in cycles where
a combination of doxorubicin and cyclophosphamide
were prescribed occurred more frequently during non-
stockout periods. Delays in administering combination of
doxorubicin, bleomycin and vincristine for patients with
KS occurred more frequently during periods of stockout
(figure 3). For patients with colorectal cancer, delays

during therapy was frequent for patients prescribed a
combination of capecitabine and oxaliplatin and were
more likely to occur during periods drug stockout. Addi-
tional data on cycle length delays for other disease groups
and regimens are shown in figure 3.

DISCUSSION
This manuscript provides a detailed comparative analysis
of changes in prescription patterns that occur during
periods of drug stockout. The analysis showed a signifi-
cant difference in the distribution of suboptimal events
during stockout versus non-stockout. The majority of
suboptimal events occurring during non-stockout periods
were delays and therapy switches and delays occurred
with similar frequency during periods of stockout.
Consistent with our prior analysis, patients with
breast cancer and therefore women, given the collin-
earity between breast cancer diagnosis and the female
sex contributed the largest frequency of administered
cycles in this analysis. Among breast patients, frequent
prescription patterns included a de-escalation of therapy
for patients with HERZ2-positive breast cancer. Addi-
tionally, patients with breast cancer receiving paclitaxel
were switched to docetaxel during periods of paclitaxel
stockout. De-escalation of systemic therapy for HER2 posi-
tive patients either in the curative or palliative setting is
concerning for inferior therapy in a subset of patients for
whom large clinical trials have shown that the addition of

Davey S, et al. BMJ Open 2021;11:049574. doi:10.1136/bmjopen-2021-049574

5



Comparative frequency of 27-day delay in cycle length occuring during
periods of stockout vs no drug stockout

Paclitaxel
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Trastuzumab
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Number of chemotherapy cycles with 27-day delay

Figure 3 Comparative frequency of >7 days delay in cycle length occurring during periods of drug stockout versus periods
when full stock of drugs is available. The respective diagnoses for which the regimen was prescribed are listed on the left.

The respective total number of cycles for each diagnosis in our cohort is included in parenthesis. Bar graphs show patterns
occurring more than once. *Diagnosis and regimen key: ABV, doxorubicin, bleomycin, vincristine; AC, doxorubicin and
cyclophosphamide; BV, bleomycin, vincristine; Carbo/Taxol, carboplatin and paclitaxel; CMF, cyclophosphamide, methotrexate,
fluorouracil; H&N, head and neck cancer (not including nasopharyngeal cancer); KS, Kaposi Sarcoma; TH, paclitaxel and

trastuzumab; XELOX, capecitabine and oxaliplatin.

trastuzumab to paclitaxel results in superior overall and
disease-free survival in HER2+ patients.”’ ** In patients
who were switched from paclitaxel to docetaxel, this
switch may be equally efficacious with regards to survival
outcomes, and in fact docetaxel is commonly prescribed
as first line as paclitaxel in several institutions.* It is note-
worthy, however, that although equally efficacious it may
be associated with higher rates of toxicity*> and higher
costs.”*

Patients with colon and rectal cancers were also at a high
risk of a suboptimal event due to regimen stockout.'” In
this instance, capecitabine and oxaliplatin combinations
were most commonly substituted with capecitabine or
fluorouracil monotherapy during periods of oxaliplatin
stockout. In patients with stage III and high-risk disease
being treated with curative intent this switch may result
in inferior overall and disease-specific survival.”> ** In
patients with stage IV disease being treated with pallia-
tive intent, the clinical impact of such a switch in therapy
is less certain, and in some age groups may be appro-
priate without compromising efficacy. Switch in therapy
from capecitabine to fluorouracil are equally efficacious,
however, the costs of administration may be higher in
the Botswana setting where there are limited inpatient
beds and patients receiving 48-hour infusion have to be
admitted overnight in the hospital to complete their infu-
sion therapy.

The results were also notable for a high frequency of
at least >27days delays that occurred non-differentially
during periods of stockout and periods of non-stockout.
Frequent delays in therapy, especially in a low-income

and middle-income setting where most patients are diag-
nosed with locally advanced disease may lead to inferior
survival resulting from reduced dose intensity of curative
therapy.?” This distribution suggests that delays are less
likely related to medicines stock and may be associated
with patientrelated factors. Reasons for this high propor-
tion of delays has not been well studied in the context
of therapy delivery in SSA. We postulate that some
reasons might include grade 3 or 4 toxicity requiring
therapy delays, especially when growth factor support
is not administered prophylactically, for example, in
patients with breast cancer receiving a combination of
doxorubicin and cyclophosphamide followed by pacli-
taxel as is recommended in USA and European guide-
lines.”® * Other reasons may include distance from the
hospital and cost of transportation.” Alternatively, it is
possible that providers may switch therapies to a different
regimen if they anticipate a prolonged drug stockout. In
a prior analysis, we showed a median stockout duration
of 1month.” The high frequency of delays is an area that
warrants further studies to identify patient and provider
factors that contribute to therapy delay and how this
impacts clinical outcomes.

Our analysis had several limitations. We analysed
changes in prescription patterns that occur during periods
of stockout, which does not necessarily convey the clinical
impact on patient survival outcomes. However, robust
randomised clinical trial data provide support evidence
that some, although not all of these switches are inferior.
Long-term follow-up is needed to assess which of these
switch events impact patient outcomes.
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Second, our outcome of interest, which examined
specific prescription pattern switches and delays, may
have been appropriate in patients with adverse events,
irrespective of stockout. Our retrospective analysis did
not include data on reasons for physicians’ decision
making which limits our assessment of whether delays
and switches were intentional or not (eg, due to stock-
outs vs clinical indication vs other patient factors). In our
analysis, few of these switches may have been appropriate
and consistent with standard of care based on patient and
clinical parameters at the time of the treatment recom-
mendation. For instance, the NCCN guidelines note that
combination therapy may be appropriate for patients with
breast cancer presenting with a visceral crisis. Therefore,
a de-escalation from gemcitabine-combination therapy to
monotherapy in our analysis (figure 2) may have been
appropriate in both scenarios and not a suboptimal
event, but we are unable to assess this in our retrospective
analysis. To our knowledge, there are no current studies
or surveys evaluating the decision-making process of
cancer care providers in SSA. However, it is plausible that
therapy switches are more likely due to stockout. Surveys
of physicians and pharmacists conducted in the USA on
the impact of oncology drug shortages found that 93%
of drug shortages led to regimen changes and 85% led
to increased costs,”’ 30% of substituted regimens during
drug shortages were inferior and 35% were more toxic.

Finally, the data only reflects patients getting systemic
therapy at PMH, and therefore, do not reflect the total
incidence of cancer cases diagnosed and treated in
Botswana. Cervical cancer is the most commonly diag-
nosed cancer among women in Botswana, however,
majority of patients are referred to a private health
facility for definitive treatment with concurrent chemo-
therapy and radiation therapy and are therefore under-
represented in our analysis.

This analysis has several strengths. Although cancer
drug shortages and stockouts are occurring at high
frequency globally, it is relatively understudied in SSA.
This analysis provides insight into the distribution of
suboptimal therapy delivery events during stockout and
non-stockout periods. Stockouts leading to switches and
delays may account for some of the survival disparities
that have been noted in this population,” however, delays
appear to occur despite no stockout, which warrants
further studies to complement the current study.

As several African countries prepare to scale up cancer
care, these data are generalisable to other countries on the
continent where medication stockouts are also a problem,
and breast cancer is the most common or second most
common cancer diagnosed and may inform policies to
guide selection of medicines to be included on national
EMLs and also specific policies to ensure that medicines
on the NEML are subsequently available at all times
for patients for whom the drug is indicated. Countries
need to implement policies that address chemotherapy
procurement and supply chain. In a previous study, we
outlined a detailed process for forecasting chemotherapy

need within a universal healthcare coverage model to
ensure a sustained supply of specific medicines on the
NEML being used to treat prevalent cancers within the
specific country context.”
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