


















































patients in the study would have been classified as
high or very high risk (Appendix Table A5).

Treatment and Outcomes

Of the 42 patients who began therapy for ALL,
95% (40) initiated induction, 83% (35) consol-
idation, and71%(30)maintenance (Fig 1). At the
end of the analysis period, 19% (eight) of patients
were alive without evidence of relapse: three
completed treatment and were in follow-up and
five were still receiving treatment. Seventy-one
percent (30) haddied, and10% (four)were LTFU
(Table 4). When LTFU was considered an event,
estimated 2-year EFS was 22% (95% CI, 11% to
36%);when LTFUwas right-censored, estimated
2-year EFS was 26% (95% CI, 13% to 41%).
Overall, the median time from enrollment at
BCCOE to time of event was 9 months (IQR,
2-19 months).

For patients alive at time of analysis, treatment
duration was a median of 699.5 days (IQR, 577-
1,168.5 days). Of the 30 deaths, 83% (25) were
disease related (16 relapsed, seven were refrac-
tory, and twodiedbefore treatment initiation), 3%
(one) were treatment-related, and 13% (four)
were unknown. Deaths occurred throughout all
phases of treatment, although concentrated
in two periods: within the first 2 months after

presentation, and 6 to 8 months after initiation
of therapy, most frequently during the first cycles
of maintenance (Fig 2).

Resource Demands of Treatment

Even with this low-intensity approach, many re-
sources were required to support these patients
with ALL (Appendix Table A2). For the 42 pa-
tients evaluated before initiating therapy, 52%
(22) required packed red blood cells and 43%
(18) required platelets. Throughout, the me-
dian hemoglobin was 8.3 g/dL (IQR, 7.7-9.8 g/dL;
n = 31) and the median platelet level was 25.5
3 103/mL (IQR, 12-51 mL; n = 30). For the 40
patients who started induction therapy, 63% (25)
required packed red blood cells and 50% (20)
required platelets (Fig 3).

The most common cause of treatment delay was
thrombocytopenia, present in55%(23)ofpatients
(Fig 3), and delayed platelet availability as prod-
ucts were transported from blood banks at offsite
locations. Fluctuations in supply of two chemo-
therapy drugs, L-asparaginase andmethotrexate,
led to rescheduling of treatment cycles affecting
care in38%(16) of patients (Appendix TableA3).
Medical-related delays included infections, neutro-
penia, elevated liver transaminases, neutropenic
fever, and bleeding. Of note, delays resulting from
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Intensificationof treatment,however,requiresdisease
stratification, a challenge given the limited number of
physicians, inconsistent access to CSF diagnostics,
difficulties in reliably obtaining immunophenotyping,
and delays in pathology reports (Tables 1 and 2).8,14

In addition, the lack of in-country radiation therapy
poses financial and operational challenges. When
diseasestratificationcanbeachievedalongwithsimul-
taneous trainingofhospitalpersonnel, strengtheningof
supportive care, and standardizing of treatment regi-
mens, outcomes can markedly improve, as was seen
with the 63% 5-year EFS in Brazil.13 This data-driven
approachto improvingcarecanonlybeachievedinthe
context of collecting and analyzing high-quality patient
data, a challenge in all health care settings and par-
ticularly in a resource-constrained environment.

Treatment abandonment, often cited as a cause of
treatment failure for patients with ALL, was un-
common at BCCOE. Although additional follow-up
will be needed, the 10% lost to follow-up rate was
modest compared with 35% in Indonesia19 and
22% in El Salvador.8 Patient social support, such
as coverage of transportation and chemotherapy
costs asprovidedatBCCOE,havehelped in similar
settings and have led to lower abandonment rates
of 9% inTanzania14 and0.5% inBrazil.13Given its
mission to provide care to all patients, both social
and clinical, BCCOE has also noted low levels of
abandonment and delays in treating other can-
cers, such as nephroblastoma.20

In the presented approach to classifying delays,
health system delays, such as waiting for blood
products and availability of chemotherapy agents,
were the most common in our patient population.
Inconsistent sources for both blood products and
some chemotherapy (Appendix Table A3) were
major challenges. An estimated 8 million units of
blood are needed in sub-SaharanAfrican countries
annually, andonly 3millionunits are collected.21 At
BCCOE, . 40% of patients who started treatment
required transfusions; this drastically underscores
the importance of a reliable system to provide
supportive clinical care.13,14,22 Quantitatively doc-
umenting this need could serve as a tool to predict-
ing and planning for future transfusion needs in
similar settings. Someminor lapses in availability of
chemotherapeutics led to additional delays. Alter-
ations in chemotherapy regimens because of lack
ofdrugavailabilityhave led topoorer survival inboth
resource-richand resource-constrained settings,14,23

and, therefore, more accurate predictions and a re-
liable supply chain for ALL medications and trans-
fusions has become a crucial goal at BCCOE.

In the context of Rwanda’s dedication to providing
cancer care, the Rwandan Ministry of Health has
hosted regular national consensus meetings for
cancer protocol development. TheBCCOEclinical
team presented these data at the pediatric pro-
tocolmeeting in the springof 2015.After reviewing
the results, the committee supported intensifying
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the national ALL treatment protocol, given thehigh
relapse rate and acceptable treatment-related
death rate. Thisdata-drivenapproach that focuses
particularly on resource demands of care is critical
to patient outcomes in this and other resource-
constrained settings.

In conclusion, this study details our experience
treatingpatientswithALL ina ruralRwandancancer
center and to our knowledge reports the first pub-
lished outcomesusing the lowest intensity level of
the Hunger ALL protocol. As expected with a low-
intensity regimen, a high rate of disease-related
mortality occurred, interestingly clustering in
two time periods. However, treatment-related
toxicity was below the threshold suggested for
increasing treatment intensification. In addition
to supplementing the limited literature on ALL
care in sub-Saharan Africa, the quantification of

transfusion needs and classification of treatment
delays can be used to predict challenges to care
in similar settings.

Overall, we have demonstrated that an iterative
model of cancer care, delivered by nononcologists
with remote oncological support, where imple-
mentation is followed by analysis of outcomes
and subsequent evidence-based changes for im-
provement of care, allows for accountable delivery
of ALL treatment in LMICs using the Hunger
approach. We are now risk-stratifying patients
and advancing to regimen 2 for high-risk patients
after an intensive educational program for pro-
viders. These results point to the necessity of a
data-driven approach to optimize care for com-
plex patients in resource-constrained settings.
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