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Summary

Background—Cost-effectiveness data for cancer treatment are needed from sub-Saharan
Africa, where diffuse large B-cell lymphoma (DLBCL) is a common, curable cancer. In high-
income countries, the standard of care for DLBCL is R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone) chemoimmunotherapy. Rituximab is often not

available in sub-Saharan Africa due to perceived unaffordability, and treatment with CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisone) is common. We aimed to evaluate
the cost-effectiveness of treatment in Malawi, comparing best supportive care, CHOP, or R-CHOP
in patients with DLBCL.

Methods—For this cost-effectiveness analysis, we used published Malawi microcosting data,
clinical data from a prospective cohort treated with CHOP, and clinical trial data evaluating R-
CHOP. We used a decision-tree model to calculate costs per disability-adjusted life-year (DALY)
averted from the health system perspective for the treatment of patients with DLBCL with best
supportive care, CHOP, or R-CHOP, running the model on a per-patient basis and a Malawi
population-level basis. We used the WHO definitions of cost-effective (three times the GDP per
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capita of the country) and extremely cost-effective (equal to the GDP per capita of the country) as
willingness-to-pay thresholds for Malawi.

Findings—On a per-patient level, compared with best supportive care, CHOP was estimated to
avert a mean 7.4 DALYSs at an incremental cost of US$1384, for an incremental cost-effectiveness
ratio (ICER) of $189 per DALY averted, which is substantially lower than the willingness-to-pay
threshold (extremely cost-effective). Compared with CHOP, R-CHOP was estimated to avert 2.8
DALYs at an incremental cost of $3324, resulting in an ICER of $1204 per DALY averted, which
is slightly higher than the cost-effective willingness-to-pay threshold. In probabilistic sensitivity
analyses, CHOP remained cost-effective for DLBCL treatment in more than 99% of simulations,
whereas R-CHOP was lower than the threshold in 46% of simulations.

Interpretation—We estimated CHOP to be cost-effective for DLBCL treatment in Malawi, and
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that the addition of rituximab might be cost-effective. Despite upfront costs, DLBCL treatment
is probably a prudent investment relative to other accepted health interventions in sub-Saharan

Africa.

Introduction

The cost-effectiveness of cancer treatment in sub-Saharan Africa broadly, and in Malawi
specifically, has not been widely assessed but is an essential consideration for health systems
with scarce resources facing many competing priorities. The 2017-18 government health
budget for Malawi was US$170 million (about $9 per person), and external donors are
estimated to contribute approximately another $350 million (about $18 per person) annually
to health expenditures.! Therefore, cancer treatment costs are often considered prohibitive

in the absence of a rigorous clinical and economic evaluation within sub-Saharan Africa to
guide decision making.

An effort to evaluate the cost-effectiveness of paediatric cancer care across health

systems has begun in the past few years,2 and previous studies have investigated the cost-
effectiveness of interventions for specific childhood cancers® and breast cancer.# However,
to our knowledge, no economic evaluations have been done in sub-Saharan Africa among
adults with lymphoma, which is notable for being a common, curable cancer throughout the
region.

Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin lymphoma
subtype worldwide and in sub-Saharan Africa. DLBCL is highly associated with HIV® and
is a particularly common cancer in countries with high HIV burden such as Malawi, where
HIV prevalence among adults is approximately 9%.5 DLBCL is curable in sub-Saharan
Africa with use of the generic chemotherapy medicines cyclophosphamide, doxorubicin,
vincristine, and prednisone (CHOP).”:8 In high-income countries, absolute improvements
in overall survival of 10-20% are achieved by adding rituximab to CHOP (R-CHOP).%-12
Rituximab is an anti-CD20 monoclonal antibody with commercially available biosimilars,
but for which rigorous clinical and economic evaluations in sub-Saharan Africa are needed.
We previously published data from the Kamuzu Central Hospital (KCH) Lymphoma Study
in Lilongwe, Malawi, including a microcosting analysis'3 and prospectively recorded
outcomes* of DLBCL treatment with CHOP. Additionally, we completed a phase 2 clinical
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trial of R-CHOP for DLBCL in Malawi, published this year.12 Drawing on these available
data sources for model inputs, we aimed to develop a decision-tree model to analyse the
cost-effectiveness of DLBCL treatment, comparing best supportive care, CHOP, or R-CHOP
in patients with DLBCL in Malawi.

Model structure

Whenever possible, the model and results we report adhere to recommendations of the
Second Panel on Cost-Effectiveness in Health and Medicine.1® For this cost-effectiveness
analysis, we developed a three-strategy decision-tree model to predict outcomes and costs
of treating adult patients with DLBCL with best supportive care (ie, symptom-directed
palliative treatment without chemotherapy or other curative-intent treatment), CHOP, or
R-CHORP (figure 1). For CHOP and R-CHOP, the first chance node separated patients

who achieved remission (hereafter referred to as the remission group) from those who had
refractory disease (refractory group) or had treatment-related mortality (treatment-related
mortality group). In the remission group, for both CHOP and R-CHOP strategies, the second
chance node separated patients who relapsed after remission (hereafter referred to as the
relapse group) and those who maintained remission at 2 years. Previous studies have shown
that patients with DLBCL have life expectancy similar to age-matched and sex-matched
controls after achieving 2-year progression-free survival,16:17 and thus we hereafter refer to
this group as the DLBCL-free group. For the base-case analysis, all patients were assumed
to enter palliative care at the time of relapse, because there are effectively no curative-intent
therapies available in Malawi after relapse.

We calculated the incremental cost-effectiveness ratio (ICER) of cost per disability-adjusted
life year (DALY) averted. DALY's are commonly used in evaluations in low-income and
middle-income countries (LMICs) to compare cost-effectiveness across different health
interventions. DALY are calculated as the sum of the years of life lost due to premature
mortality and the years of healthy life lost due to disability. One DALY represents the

loss of the equivalent of 1 year of full health. We used disability weights assigned by

the Global Burden of Disease study for non-Hodgkin lymphoma.18 All costs were initially
collected in Malawian kwacha and then converted to 2017 US dollars. Costs collected in
past years were inflation-adjusted to 2017 US dollars by use of the Malawi gross domestic
product (GDP) deflator from the World Bank.1® Costs and outcomes reflect a health-systems
perspective, including overhead and capital, as previously described.13 In the base-case
scenario, we discounted costs and outcomes by 3% annually, and we report the base-case
model outcome as a deterministic value from the base-case values of each input. We used the
WHO definitions of cost-effective (three times the GDP per capita of the country, or $1014
in 2017) and extremely cost-effective (equal to the GDP per capita of the country, or $338 in
2017) as willingness-to-pay thresholds for Malawi.20

Population-level analysis and budget impact analysis

The model was run on a per-patient basis and a Malawi population-level basis. To estimate
DLBCL burden in Malawi, we used data from the most recent Global Cancer Incidence,
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Mortality and Prevalence (GLOBOCAN) publication (from 2020), available online at the
Global Cancer Observatory. The source data are from the Malawi National Cancer Registry,
last updated in 2010. There were 1164 estimated new cases of non-Hodgkin lymphoma

in Malawi in 2010. DLBCL constituted 54% of all non-Hodgkin lymphoma diagnoses in
the KCH pathology laboratory in 2012-20, giving an estimated 629 new cases of DLBCL
in Malawi in 2010.2 We then calculated the annual budget impact by multiplying the
per-patient costs by the anticipated annual number of incident DLBCL cases.

Intervention treatments

CHOP treatment was administered as described previously in the KCH Lymphoma study, a
prospective, observational cohort study that has been continuously enrolling all consenting
patients with newly diagnosed lymphoproliferative disorders since 2013.14 Briefly, 21-

day cycles were administered. Each cycle consisted of cyclophosphamide 750 mg/m2,
doxorubicin 50 mg/m2, and vincristine 1.4 mg/m?2 (maximum 2 mg) on day 1 and
prednisone 60 mg/m? on days 1-5. A median of six cycles (IQR 4-6) of CHOP were
administered, and patients were followed up for toxicity and health outcomes including
death or DLBCL progression.

R-CHOP treatment was administered as described for CHOP, but with the addition of
rituximab to each cycle (375 mg/m?) on day 1. This treatment was administered in the
context of a single arm, phase 2 clinical trial, and patients were likewise followed up for
toxicity and health outcomes including death or DLBCL progression.12

Health outcomes

All clinical outcome inputs for the model were derived from previous publications (table
1).12.14 |n the CHOP cohort, of 74 participants who initiated chemotherapy, nine (12%) had
treatment-related mortality, 11 (15%) were refractory, and 54 (73%) achieved remission.
2-year progression-free survival among patients who achieved remission was 52% (95%

Cl 38-67). This is equivalent to the 38% progression-free survival previously reported
among all treated patients.14 In the R-CHOP cohort, of 37 participants, four (11%) had
treatment-related mortality, four (11%) were refractory, and 29 (78%) achieved remission.
2-year progression-free survival among patients who achieved remission was 68% (49-83).
This is equivalent to the 53% progression-free survival reported elsewhere among all treated
patients.12 The mean age of patients with DLBCL in Malawi is 47 years (SD 13). According
to the 2019 UN life table,23 the life expectancy of an individual aged 46-50 years in Malawi
is 29 years.

DALY weights with their respective ranges were taken from the weights for non-Hodgkin
lymphoma in the Global Burden of Disease study (table 1) for the disease states of interest:
treatment phase (applied to all time under treatment with either CHOP or R-CHOP),
controlled phase (applied to all time in remission and cure), and terminal phase (applied

to all time in best supportive care or relapse). These weights were then applied across

the average time spent in each state. We did not add additional disutility for episodes of
febrile neutropenia or other complications of chemotherapy for two reasons: first, this is
already captured in the disutility of the DALY weight for treatment phase; and second,
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these episodes occurred over a very short time period of less than 1 week compared with
the lifetime time period of this study, and thus would not meaningfully contribute to total
DALYs over a lifetime.

Costs for diagnosis, treatment, complications, and 2 years of surveillance care have been
previously described.3 Costs and probabilities for specific events (eg, chemotherapy
treatment and neutropenic fever event) are shown in table 1. Probabilities of specific events
(eg, neutropenic fever) were taken from our previously published studies for CHOP and
R-CHOP. Complication costs were applied to the appropriate treatment phase on a weighted
basis from their respective probabilities. For example, for patients treated with CHOP,
neutropenic fever probability was 0.2 and cost per neutropenic fever event was $236.
Therefore, in the base-case scenario, each patient in the CHOP group was attributed 0.2

x $236=$47.

Deterministic and probabilistic sensitivity analyses

We did extensive, one-way sensitivity analysis to determine which parameters had the
greatest effect on model results when other variables remained constant. The variables
assessed included costs (ie, CHOP, complications, and end-of-life care), probability of
outcomes, and the discount rate. Ranges and distributions of probabilities were derived
from their 95% Cls from the primary data.14 Ranges for DALY’ were assigned by the
Global Burden of Disease study.2® Given that cost inputs were based on single-institution
microcosting, we used a wide range of potential costs, from 50-200% of the base-case
value. Discount rate for costs and outcomes varied from 0% to 6%, as recommended by the
Second Panel on Cost-Effectiveness Analysis.1®> Ranges of values used are shown in table 1.

We also completed two additional deterministic sensitivity analyses. In the base-case
analysis, we assumed that palliative care was not given, to be more conservative in the

ICER analysis of CHOP versus no chemotherapy. However, for the first deterministic
sensitivity analysis, we included the palliative care costs in the best supportive care pathway.
For the second deterministic sensitivity analysis, we assessed the costs and outcomes if
patients were treated with a second-line chemotherapy regimen after CHOP or R-CHOP.
High-dose therapy with autologous stem-cell rescue and other curative-intent second-line
approaches are not available in Malawi, thus salvage regimens after relapse are palliative

in nature. However, many patients are offered second-line chemotherapy for palliation.

EPIC (etoposide, prednisone, ifosfamide, mesna, and cisplatin) or GEMOX (gemcitabine
and oxaliplatin) are frequently used at KCH. Median time to progression after second-line
EPIC treatment in Malawi is 4.5 months.22 We do not have published data on outcomes from
second-line GEMOX treatment in Malawi, but previously published data from high-income
countries suggest outcomes similar to those of EPIC.27 Costs were derived from previously
published microcosting data.13 For second-line treatment, the costs of these two regimens
were averaged, including costs related to treatment-related complications. This yielded a
second-line treatment cost of $2886, which was added to the decision-tree model for patients
who relapsed after CHOP or R-CHOP.
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Finally, we did probabilistic sensitivity analyses simulating variable inputs from across their
distributions over 1000 simulations of the decision-tree analysis model. Distributions used
for these probabilistic sensitivity analyses were p for probabilities, -y for costs, and normal
for all others (appendix p 1).

All analyses were done with open-source R statistical software, by use of the dampack
library from the Decision Analysis in R for Technologies in Health workgroup.28

Role of the funding source

Results

The funders of the study had no role in data collection, data analysis, data interpretation, or
writing of the report.

Regarding patient outcomes, the mean life expectancy for each patient receiving CHOP was
11.6 years (table 2). The mean DALY averted for each patient was 7.4. For R-CHOP, mean
life expectancy was 11.5 years and DALY's averted were 10.8. For best supportive care, the
mean life expectancy was 0.2 years and the mean DALYSs averted were 0.1.

The mean cost in the CHOP group—for diagnosis, CHOP chemotherapy, complications,
and 2 years of follow-up—was $1776 per patient, whereas cost per patient in the no
chemotherapy group was $392 (table 2). The ICER in the CHOP group compared with
that of no chemotherapy was $189 per DALY averted, $3642 per death averted, and $122
per life-year gained. An ICER of $189 per DALY averted is considered an extremely
cost-effective intervention according to the WHO definition.

The mean cost in the R-CHOP group—for diagnosis, R-CHOP chemotherapy,
complications, and 2 years of follow-up—was $5100 per patient (table 2). The ICER in
the R-CHOP group compared with that in CHOP was $1204 per DALY averted, $22 160
per death averted, and $770 per life-year gained. An ICER of $1204 per DALY averted is
slightly higher than the WHO definition for a cost-effective intervention.

We did one-way sensitivity analysis on all input parameters to assess which one had the
greatest effect on model results when other variables remained constant (figure 2). The ICER
for costs per DALY averted for CHOP compared with no chemotherapy was most sensitive
to changes in treatment costs and probability of long-term cure after CHOP treatment. The
ICER for costs per DALY averted for R-CHOP compared with CHOP was most sensitive

to the probability of long-term cure after R-CHOP or CHOP treatment, probability of

death before completing R-CHOP or CHOP treatment, and the cost of rituximab. When
calculating the ICERs for both scenarios with no discounting for DALYS, the change in the
ICER was lower than 1%.

We also did two specific sensitivity analyses of interest. First, we included palliative

care costs in the no chemotherapy pathway. In this scenario, the average cost of the no
chemotherapy group increases to $727 with no effect on other groups, as palliative care costs
were already included in other groups before death. Under these assumptions, the ICER of
CHOP compared with palliative care was $149 per DALY averted, $2766 per death averted,
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and $95 per life-year gained. This ICER of $149 per DALY averted was substantially lower
than the willingness-to-pay threshold (extremely cost-effective). Additionally, we observed
no change in findings related to R-CHOP versus CHOP. Second, we assessed the costs

and outcomes if patients were treated with a second-line chemotherapy regimen. In this
scenario, including the costs of first-line and second-line chemotherapy (second-line therapy
attributed to patients who were refractory or relapsed) across the decision-tree model, total
costs were estimated to be $2810 per patient for CHOP and $5820 per patient for R-CHOP.
DALYs averted were essentially unchanged, at 7.5 per patient for CHOP and 10.3 per
patient for R-CHOP. This yielded an ICER for CHOP including second-line chemotherapy
compared with no chemotherapy of $329 per DALY averted, which was higher than that

in the base-case scenario. The ICER for R-CHOP compared with CHOP when including
second-line chemotherapy was $1059 per DALY averted, which was lower than that in the
base-case scenario.

In the probabilistic sensitivity analysis of ICERs of costs per DALY averted, the ICER
for CHOP compared with no chemotherapy remained lower than the willingness-to-pay
threshold of Malawi in more than 99% of simulations (figure 3; absolute values of DALY's
and costs on both per patient and population level are shown in the appendix p 2). The
ICER for R-CHOP versus CHOP was lower than the threshold in 46% of simulations,
higher than the threshold but still with an advantage in DALY averted for R-CHOP in
49% of simulations, and was dominated (ie, CHOP averted more DALY than R-CHOP)
in 5% of simulations. We found no simulations in which CHOP was more costly than
R-CHOP. On the basis of probabilistic sensitivity analyses, we created a willingness-to-
pay cost-effectiveness acceptability curve (figure 4). At a threshold lower than $500, no
chemotherapy was likely to be the preferred approach; from $500 to $1000, CHOP was
likely to be preferred; and for thresholds higher than $1000, R-CHOP was likely to be
preferred.

On a population level, the estimated annual cost for Malawi was $246 568 for no
chemotherapy, $1 118 362 for CHOP, and $3 207 900 for R-CHOP, with estimated DALY's
of 18 178 for no chemotherapy, 13 649 for CHOP, and 11 825 for R-CHOP (table 2).

The incremental cost was estimated to be $871 794 for CHOP over no chemotherapy and
$2 089 538 for R-CHOP over CHOP. For CHOP over no chemotherapy, we estimated

239 incremental deaths averted and 4529 DALY averted; for R-CHOP over CHOP,

we estimated 94 incremental deaths averted and 1824 DALY averted. The 2017-18
government health budget for Malawi was $170 million, and external donors are estimated
to additionally contribute approximately $350 million annually to health expenditures.!
Therefore, the annual incremental outlay for CHOP chemotherapy and associated costs
would be 0.6% of the annual Malawi health budget; for R-CHOP compared with CHOP, it
would be 1.2% of the annual Malawi health budget. These values would be 0.2% for CHOP
chemotherapy and 0.4% for R-CHOP compared with CHOP when total health outlays,
including donor health expenditures, were included.
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Discussion

To our knowledge, this study is among the first formal cost-effectiveness analyses for

cancer treatment among adults in sub-Saharan Africa, and similar data are scarce in LMIC
contexts generally. Using prospective data from Malawi, we found that the ICER of costs per
DALY averted for DLBCL treatment with CHOP is well under the WHO willingness-to-pay
definition of three times the GDP per capita, and remained so under various deterministic
and probabilistic sensitivity analyses. We also found that adding rituximab to CHOP had an
ICER of cost per DALY averted close to the threshold and was lower than the threshold in
approximately half of simulations by probabilistic sensitivity analysis.

The cost-effectiveness of R-CHOP versus CHOP has been compared by Hornberger and
colleagues in the USA.2% The study found a total cost of drugs for R-CHOP of $20 583, an
ICER of $12 304 per life-year gained, and $19 297 per quality-adjusted life year (QALY)
gained (in 2003 US$). Although QALYs and DALYSs are not directly comparable, $19 297
per QALY is well within the willingness-to-pay threshold of many high-income countries.
There are several contextual differences between high-income countries and Malawi that
are likely to influence the cost-effectiveness of DLBCL treatment. These include the use of
a lower cost rituximab biosimilar in Malawi, health system factors that affect the relative
safety and effectiveness of CHOP and R-CHOP treatment compared with high-income
countries, and the absence of effective salvage regimens after first-line treatment failure in
Malawi.

There are also several methodological differences between the study by Hornberger and
colleagues and our report. First, upfront treatment costs in their model only included
chemotherapy costs and neglected the costs of complications, personnel, and supplies, as
these were assumed to be similar between CHOP and R-CHOP. The authors also used a
5-year time horizon compared with our lifetime time horizon and note that their shorter
time horizon might underestimate the cost-effectiveness of rituximab. They included costs
and benefits of salvage chemotherapy in their base-case analysis, whereas we included these
only in our sensitivity analysis. As in our study, including the costs of salvage chemotherapy
improved R-CHOP cost-effectiveness compared with CHOP, given the lower relapse rate
and lower probability of accruing salvage chemotherapy costs with R-CHOP. Finally, their
sensitivity analysis varied costs by 10%, with results being highly sensitive to variations in
rituximab cost, whereas our study was little influenced by variations in rituximab cost.

A strength of cost-effectiveness research is the use of a common outcome that can be
compared across many interventions and settings. To place our findings in context, a review
of cost-effectiveness metrics for various health interventions in LMICs has been published
in 2017.30 The cost per DALY averted of CHOP in our analysis was similar to other
interventions that have received broad support from funders and policy makers worldwide as
prudent public health investments, such as preventing transmission of HIV from mothers

to infants (about $125 per DALY averted), implementing universal HIV test-and-treat
programmes (about $300 per DALY averted), and building trauma centres (about $400 per
DALY averted). The cost per DALY averted of R-CHOP in this analysis was less favourable,
but similar to other interventions that have received broad multi-sectoral support for LMICs,
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including aspirin and statins for secondary prevention of coronary artery disease (about $900
per DALY averted), psychosocial care for depression (about $800 per DALY averted), and
tobacco regulation (about $700 per DALY averted).

Although we report favourable cost-effectiveness ratios for treatment of patients with
DLBCL, the total cost and budget impact are also important for policy makers and
addressing these issues might require flexible and creative funding models. Although

cancer registration and burden estimates in sub-Saharan Africa have clear limitations, using
GLOBOCAN data, we estimated that it would cost approximately an incremental $1 million
annually to treat all cases of DLBCL in Malawi with CHOP to save 252 lives, and an
additional $2 million annually to add rituximab and save an additional 100 lives. These
amounts would constitute 0.6% (for CHOP) and 1.2% (for R-CHOP) of the Malawi health
budget and 0.2% (for CHOP) and 0.4% (for R-CHOP) of total health expenditures including
external donor outlays. For context, Botswana supplies rituximab for lymphoma treatment
at a cost of $541 000 annually for an estimated 105 cases of lymphoma annually, or
approximately $5410 per patient, similar to the price we determined for R-CHOP care in
Malawi.31

This study has several strengths. First, we used prospective data collected in Malawi to
parameterise the model from a large cohort of patients with lymphoma treated at a tertiary
care facility under real-world conditions. Second, these outcome data are directly matched
with robust microcosting data collected in the same facility. Third, we did extensive and
robust sensitivity analysis, and our findings were largely insensitive to changes in many
parameters.

This study also has some limitations. First, because we relied on data collected from a single
tertiary care facility, the generalisability of these findings to other settings or countries might
be limited. Along these lines, the microcosting analysis used here was done in the context of
a clinical research collaboration between a US academic institution and the Malawi Ministry
of Health, which might affect the total costs. However, treatment costs solely within

public sector facilities of the Malawi Ministry of Health without external collaborators

are typically lower than what we estimated in this study, such that DLBCL treatment

might be more cost-effective if clinical outcomes remain similar. Furthermore, this analysis
was done from a health systems perspective, and societal impacts of additional years of
gainful employment were not considered. However, inclusion of these additional benefits
would probably further improve the observed cost-effectiveness ratios. Finally, limitations
regarding cancer incidence data from Malawi make budget impact analysis imprecise. We
relied on international reference estimates from GLOBOCAN, but we acknowledge the
limitations of cancer registries throughout sub-Saharan Africa that have been extensively
reviewed elsewhere.32

Further studies are needed to compare the costs of cancer care across diverse sub-Saharan
Africa settings. Additionally, as cancer care becomes less centralised, more patients might
be diagnosed with cancer and receive treatment, but the costs per patient might increase
substantially with less centralised care. Implementation studies are needed to identify the
costs and cost-effectiveness of implementing cancer treatment in central specialised facilities
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versus smaller peripheral health centres, to optimally balance trade-offs between access and
equity versus quality and efficiency.

In conclusion, our study shows that curative-intent treatment of DLBCL among adults in
Malawi is cost-effective according to current WHO recommendations, convincingly so for
CHOP and possibly for R-CHOP. Our findings suggest that DLBCL treatment is a prudent
investment relative to other accepted health interventions in LMICs.
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Research in context
Evidence before this study

We searched PubMed from inception to Dec 30, 2020, with no language restrictions
using the following search terms: “(“Cost-effectiveness” OR “Cost-utility”) AND
“Africa” AND (“cancer” OR “lymphoma”)”. Including studies across the entire cancer
control continuum in sub-Saharan Africa, the search resulted in 234 studies. On review,
only 41 articles were original research, including economic analyses. Of these, the vast
majority (31) focused on screening or prevention and only ten examined a component
of the cost-effectiveness of treatment. To our knowledge, there are no studies assessing
the cost-effectiveness of treatment for diffuse large B-cell lymphoma (DLBCL) in sub-
Saharan Africa, which is a common, curable cancer in this region.

Added value of this study

We used published cost and outcomes data from prospective studies of CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisone) and R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone) treatment for DLBCL in
adult patients at a national referral hospital in Malawi for our cost-effectiveness analyses.
We estimated that the incremental cost-effectiveness ratio (ICER) of treatment of DLBCL
with CHOP versus best supportive care was substantially lower than the willingness-to-
pay threshold of three times the GDP per capita of Malawi ($1014 in 2017 US$) in

the base-case scenario and in more than 99% of simulations in probabilistic sensitivity
analysis. The ICER for R-CHOP versus CHOP was estimated to be slightly higher than
the willingness-to-pay threshold and lower than that in 46% of simulations.

Implications of all the available evidence

Curative intent treatment for DLBCL is probably a prudent investment compared with
other accepted public health interventions in sub-Saharan Africa, particularly for CHOP
and possibly for R-CHOP. Further economic evaluations are needed to support an
investment case for cancer treatment in sub-Saharan Africa.
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Figure 1: Decision-tree model comparing R-CHOP with CHOP with best supportive care for
treatment of diffuse large B-cell lymphoma in Malawi

Base-case probabilities are shown for each scenario. CHOP=cyclophosphamide,
doxorubicin, vincristine, and prednisone. R-CHOP=rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone. TRM=treatment-related mortality.
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A

Cost of CHOP and follow-up care
Probability of cure after CHOP
Cost of palliative care

Probability of death during CHOP
Cost of hospitalisation

Cost of FN

Time receiving chemotherapy

Life expectancy under
best supportive care

Probability of FN after CHOP

B

Probability of cure after R-CHOP
Probability of cure after CHOP
Probability of death during R-CHOP
Cost of rituximab

Probability of death during CHOP
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Figure 2: Tornado plots of deterministic, one-way sensitivity analysis of ICER, cost per DALY
averted, for CHOP versus best supportive care (A) and R-CHOP versus CHOP (B)

Sensitivity analysis was done on all input parameters, with input values as shown in

table 1. Results are only shown for those parameters that resulted in a change higher

than 1% in ICER. Parameters are displayed in descending order of variation in ICER

by extremes of parameter limits. CHOP=cyclophosphamide, doxorubicin, vincristine,
prednisone. DALY =disability-adjusted life-year. FN=febrile neutropenia. ICER=incremental
cost-effectiveness analysis. R-CHOP=rituximab plus CHOP.
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B R-CHOPvsCHOP
ICER classification

® Above WHO cost-effectiveness threshold
® Cost-effective
® Extremely cost-effective

® Dominated
10000
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0 -
f T T
-3 0 3 6

Incremental DALYs averted

Figure 3: Probabilistic sensitivity analysis | CER planes of CHOP ver sus no chemotherapy (A)

and R-CHOP versus CHOP (B)

1000 simulations are shown. The solid line shows willingness-to-pay thresholds for costs
per DALY averted of three times the GDP per capita of Malawi ($1014 in 2017) and the
dashed line is the GDP per capita of Malawi ($338 in 2017). The ICER classifications

are as follows: “cost-effective” shows those simulations in which the ICER was lower
than three times the GDP per capita (A,B), “extremely cost-effective” shows those
simulations in which the ICER was lower than the GDP per capita (A, B), “dominated”
designates that the intervention (in this case R-CHOP) was both more expensive and

less effective in those simulations (B), and “above WHO cost-effectiveness threshold”
shows the simulations in which R-CHOP was more effective than CHOP, but was not
lower than the willingness-to-pay threshold of three times the GDP per capita (B).
CHOP=cyclophosphamide, doxorubicin, vincristine, prednisone. DALY =disability-adjusted
life-year. GDP=gross domestic product. ICER=incremental cost-effectiveness analysis. R-

CHOP-=rituximab plus CHOP.
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Figure 4: Willingness-to-pay cost-effectiveness acceptability curvesfor treatment of diffuse large
B cell lymphomain Malawi

For a willingness-to-pay threshold lower than $500, no chemotherapy is preferred; from
$500 to $1000, CHOP is preferred; and higher than $1000, R-CHOP is preferred.
CHOP=cyclophosphamide, doxorubicin, vincristine, prednisone. DALY =disability-adjusted
life-year. R-CHOP=rituximab plus CHOP.
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Input values from clinical and microcosting data of a prospective cohort of patients with diffuse large B-cell

lymphoma in Malawi

Basecase Rangesfor DSA

Outcome probabilities

Refractory or TRM, CHOP12.14

Refractory or TRM, R-CHOP12.14

Cure, CHOP1214

Cure, R-CHOP12:14

Outcomedurations, years

Time in chemotherapy, CHOP or R-CHOP1214
Time to progression, CHOP or R-CHOP1214

Time to progression, second-line chemotherapy??

Life expectancy, terminal phase (refractory, relapse, or best supportive care) *

Life expectancy, curel’-23

DALY weights

Treatment phase (CHOP or R-CHOP)18

Terminal phase (refractory, relapse, or no chemotherapy)28
Controlled phase (remission or cure)'8

Complication probabilities

Febrile neutropenia, CHOP1424.25

Febrile neutropenia, R-CHOP1424.25

Blood transfusion, CHOP14:24.25

Blood transfusion, R-CHOP4:24.25

Hospitalisation (other grade 3-4 adverse event), CHOP14.24.25
Hospitalisation (other grade 3—4 adverse event), R-CHOP1424.25
Costs (2017 US$)

Diagnosis!®

CHOP chemotherapy (six cycles) and 2-year surveillance®3
Rituximab!?

Transfusion'®

Neutropenic feverl3

Other hospitalisation!3

Palliative care!3

Second-line chemotherapy with either GEMOX or EPIC!3

0.27
0.22
0.52
0.68

0.35
0.30
0.30
0.25

29

0.29
0.54
0.05

0.20
0.34
0.11
0.11
0.19
0.32

392
1321
3690

42

236

210

335
2886

0.20-0.34
0.10-0.38
0.39-0.68
0.49-0.83

0.25-0.50

0.20-0.40
NA

0.05-0.50

20-30

0.19-0.40
0.38-0.69
0.03-0.07

0.17-0.34
0.20-0.52
0.10-0.18
0.03-0.25
0.07-0.24
0.18-0.50

196-784
661-2642
1845-7380
21-84
118-472
105-420
168-670
NA

Complication costs were applied to the appropriate treatment phase weighted for the respective probabilities of occurrence.

CHOP=cyclophosphamide, doxorubicin, vincristine, and prednisone. DALY =disability adjusted life-year. DSA=deterministic sensitivity analysis.
EPIC=etoposide, prednisone, ifosfamide, mesna, and cisplatin. GEMOX=gemcitabine and oxaliplatin. NA=not applicable. TRM=treatment-related

mortality.

*
Expert opinion (SG).

Lancet Glob Health. Author manuscript; available in PMC 2021 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Painschab et al.

Table 2:

Page 19

Base-case analysis of decision-tree model for treatment of diffuse large B-cell lymphoma in Malawi under

three scenarios: best supportive care, CHOP chemotherapy, and R-CHOP chemoimmunotherapy

Best supportivecare CHOP R-CHOP
Outcome per patient
Total costs $392 $1776 $5100
Deaths 1 0.62 0.47
Years of life lost 28.8 17.4 13.1
DALYs 28.9 21.6 18.8
Whole population (Malawi), annually
Total costs $246 568 $1117 104  $3 207 900
Deaths 629 390 296
Years of life lost 18 115 10 945 8240
DALYs 18178 13587 11 825
Incremental cost-effectivenessratio
Per death averted $3642 $22 160
Per life-year gained $122 $770
Per DALY averted $189 $1204

Dara are shown on a per-person basis and on a population-level basis for Malawi on the basis of an incidence of 629 cases of diffuse large

B-cell lymphoma annually. All costs are shown in 2017 US$. Incremental cost-effectiveness ratios shown are CHOP versus best supportive care
in the CHOP column and R-CHOP versus CHOP in the R-CHOP column. CHOP=cyclophosphamide, doxorubicin, vincristine, and prednisone.

DALY=disability adjusted life-year.

R-CHOP-=rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone.
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