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INTRODUCTION

Cancer is a major cause of morbidity and mortality in developing countries where health 

systems are poorly equipped to deal with this challenge.1 In the sub-Saharan region of 

Africa, the incidence of hematolymphoid malignancies is escalating in large part because of 

the human immunodeficiency virus (HIV) epidemic as well as population growth and aging.
2 Despite the increasing burden, infrastructure for diagnosis and treatment of 

hematolymphoid malignancies remains inadequate in sub-Saharan Africa (SSA). In high-

income countries (HICs), lymphoma diagnosis and classification rely heavily on expensive 

ancillary tools like flow cytometry, immunohistochemistry (IHC), and cytogenetics, which 

are, as yet, largely unavailable in SSA and other low-income to middle-income countries 

(LMICs). Likewise, intensive cytotoxic chemotherapy regimens are often not tolerable in 

settings with limited supportive care. Despite these limitations, strategies to improve care in 

SSA can be devised and successfully implemented. This article describes regional 

lymphoma epidemiology, current local approaches to laboratory and pathologic diagnosis, 

and ongoing research efforts in SSA.
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REGIONAL LYMPHOMA EPIDEMIOLOGY

Although limited by data quality, GLOBOCAN 2012 estimates the age-standardized rate 

(ASR) of non-Hodgkin lymphoma (NHL) in SSA to be approximately 3.9 per 100,000 

person years, with an age-standardized mortality of 3.2 per 100,000 person years.3 Classic 

Hodgkin lymphoma (CHL) further contributes to lymphoma burden with an ASR of 0.9%.3 

Even when considering only expected growth and aging of the population without increasing 

incidence rates, the annual number of new lymphoma cases in SSA is expected to nearly 

double over the next 2 decades, from approximately 25,000 in 2012 to more than 48,000 by 

2035.3

Lymphoma epidemiology in SSA is critically influenced by the important role of infectious 

disease in lymphomagenesis in this region. Oncogenic herpesviruses, HIV, and holoendemic 

malaria all contribute to a high burden of lymphoma and a disproportionate percentage of 

aggressive NHL.1,4

Among pediatric patients, endemic Burkitt lymphoma (eBL) predominates in much of SSA, 

representing more than 80% of all hematologic malignancies and more than 90% of NHLs 

in some published cohorts.5 eBL is almost invariably associated with Epstein-Barr virus 

(EBV) and follows a distribution that mirrors the malaria belt through central Africa.1,4 

Although the precise mechanistic relationship between these pathogens remains 

incompletely understood, prevailing models suggest that malaria infection may either inhibit 

EBV-specific immune responses or promote EBV lytic reactivation, in either case ultimately 

leading to the development of eBL.6 Other common pediatric lymphoid malignancies in 

SSA include CHL, which is also generally EBV associated in this setting, and acute 

lymphoblastic leukemia/lymphoma (ALL).5,7,8 Although T-cell ALL (T-ALL) accounts for 

approximately 15% of pediatric ALL in Western cohorts, studies have shown an increased 

proportion of T-ALL compared with B-cell ALL in children and adolescents of African 

descent in the United States (25.8% vs 14%).9,10 Review of 58 cases of pediatric (<18 years 

old) ALL from Rwanda similarly reflects a higher proportion of T-ALL cases (36%) among 

Rwandan patients (Elizabeth Morgan, personal communication, 2017).

Among adults, lymphoma epidemiology is largely driven by the ongoing HIV epidemic in 

SSA. Since the early 1990s, lymphoma incidence has steadily increased throughout the 

region. For instance, in Kampala, Uganda, NHL ASR increased 3.0-fold and 2.3-fold in 

women and men, respectively, between 1991 and 2010.11 Although this trend is not entirely 

attributable to HIV, the epidemic is clearly the primary driver. HIV-associated lymphomas 

are disproportionately aggressive B-cell malignancies, such as diffuse large B-cell 

lymphoma (DLBCL), Burkitt lymphoma (BL), and plasmablastic lymphoma.7 These 

lymphomas are associated with high mortality in African cohorts, in which access to modern 

chemotherapy and supportive care is limited.12 Although improving access to antiretroviral 

therapy (ART) is likely to reduce the incidence of some HIV-associated malignancies, other 

lymphomas, including CHL and BL, are equally common or even more common in patients 

on ART.8 Hence, HIV is likely to be an important driver of lymphoma epidemiology in SSA 

for decades to come. Notably, in HICs with universal access to ART, lymphoma remains the 

primary cause of cancer-related death in individuals infected with HIV.13
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Well-designed studies of lymphoma epidemiology in HIV-negative adults are generally 

lacking in SSA. Cancer registries tend to be limited by poor rates of histologic confirmation,
14 and series with pathology-confirmed disease are likely to have considerable sampling 

bias, missing both patients with indolent lymphoma who choose not to present to medical 

care and patients with aggressive lymphomas who die at home before they can seek medical 

attention. Despite these limitations, the available data (including our own experience in 

Malawi) support a wide spectrum of B-cell and T-cell NHL and CHL.7 Indolent lymphomas 

and T-cell NHLs seem to represent a larger percentage of diagnoses in HIV-negative 

populations than in their HIV-positive counterparts.7

CURRENT THERAPIES AND INFRASTRUCTURE

Treatment of lymphoma at present in SSA is possible but also challenging.1 It should be 

emphasized that standard chemotherapy backbones for lymphoma treatment even in HIC 

typically use old drugs with generic formulations and can thus often be applied at acceptable 

cost even in LMICs, especially for curative-intent treatment. However, high HIV prevalence, 

high endemic opportunistic infection burden, and poor supportive care limit the complexity 

and intensity of the chemotherapy that can be safely administered in most SSA 

environments.1 Limited supportive care in particular includes supplies, personnel, and 

infrastructure for oncology nursing, infusional treatment, hematopoietic growth factor 

support, blood cultures, antimicrobial treatment, laboratory monitoring, and tumor lysis 

syndrome management (rasburicase, dialysis). Many groups are working to address these 

gaps and slowly build capacity, but there is clearly a cytotoxic ceiling for lymphoma 

treatment imposed by most SSA settings that is lower than for the same diseases in HIC. In 

addition, novel, targeted, noncytotoxic agents that have become accepted standards of care in 

HIC remain unavailable to most public sector patients in SSA, including rituximab, which 

received United States approval in 1991 and for which a less expensive, existing biosimilar 

is commercially available worldwide.15

As therapies become available and are shown to be effective and safe in SSA, patient 

selection through accurate diagnosis and classification is critical. For example, CD20 

immunophenotyping is necessary for targeted therapy with rituximab, and expression by 

IHC is an inclusion criteria for safety and efficacy in an ongoing clinical trial in Malawi.16 

Some patients screened for this study thought likely to have DLBCL had CD20-negative 

tumors. Without histopathologic and immunophenotypic confirmation, patients would have 

been misenrolled and mistreated, compromising their care and study objectives. Access to 

routine immunophenotyping can also serve as a tool for discovery, which is a common 

practice in HIC. Recently, human herpes virus 8 (HHV-8) multicentric Castleman disease 

was definitively identified in SSA by latency-associated nuclear antigen expression, leading 

to improved diagnosis and treatment.17,18

Adopting and implementing other advanced ancillary diagnostic testing is also within reach 

for LMIC. EBV plasma viral load can serve as an additional diagnostic, prognostic, and 

predictive biomarker for BL and additional applications in LMIC are being investigated.19 

Thorough molecular classification and subcategorization of lymphoma cases from SSA have 
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been completed in the United States.20 With appropriate infrastructure, such on-site testing 

can enhance and guide effective therapy.

Although piecemeal efforts to improve the treatment landscape are underway, a 

comprehensive regional solution is likely to be elusive until there are international, 

multilateral, public-private commitments for cancer similar to those that eventually made 

HIV treatment possible in SSA.21 Until then, many standard chemotherapy regimens from 

HIC likely can be safely and effectively applied in SSA at experienced centers with 

structured, resource-appropriate algorithms for monitoring and dose adjustment. These 

regimens include CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) for many 

aggressive NHL subtypes,12,22,23 CVP (cyclophosphamide, vincristine, prednisone) for 

indolent NHL, and ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine) for CHL.24 

For pediatric BL, regimens incorporating high-dose methotrexate, as implemented by the 

French-African Pediatric Oncology Group (GFAOP), have seemed more promising in SSA 

than anthracycline-based approaches,25–28 although nursing and supportive care 

requirements for safe systemic methotrexate administration are not trivial and require careful 

attention if this approach is to be successful. Regional standards for salvage chemotherapy 

after first-line failure, or for very aggressive, less common NHL subtypes like extranodal 

natural killer/T-cell lymphoma, are less clear. In addition, for lymphoma subtypes that are 

frequently causally associated with EBV, like CHL or pediatric BL, peripheral blood EBV 

measurement may be an implementable tool in SSA to allow better prognostication and 

response assessment during treatment, potentially optimizing the therapeutic index and 

minimizing treatment-related morbidity, in light of the supportive care limitations 

highlighted earlier.19,24

INADEQUACY OF PATHOLOGY SERVICES

Tissue diagnosis is essential in the provision of clinical and public health services for cancer.
29 From screening for malignant disease; through diagnosis, staging, guiding, and 

monitoring treatment; to evaluating the complications of treatment, every step requires the 

support of pathology investigations.30 In a review of a population-based cancer registry data 

in Malawi, just 18% of all cancer diagnoses had a pathologically confirmed diagnosis. The 

remaining cancers were diagnosed based on clinical suspicion alone or with the aid of 

radiology in some cases.14 As therapies become more accessible, accurate tissue-based 

diagnosis will prevent overtreatment/undertreatment of potentially curable diseases.

Adequate pathology services are particularly important in the accurate diagnosis and 

classification of lymphomas, which may clinically mimic infectious diseases like 

tuberculosis. Striking differences still exist in the reliability of lymphoma diagnosis between 

HIC and LMIC. In 2011, the International Network of Cancer Treatment and Research 

(INCTR) conducted an evaluation of infrastructure for diagnosing lymphoma in 4 sub-

Saharan countries: Kenya, Tanzania, Nigeria, and Uganda.31 Key findings included wide use 

of fine-needle aspiration cytology as a diagnostic tool, lack of IHC or other 

immunophenotyping tools, variable equipment and personnel, and variable turnaround 

times. Many of the histologic and cytologic preparations were deemed suboptimal. However, 

as expected, metrics of quality were highly tied to available resources, and some centers 
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collaborating with institutions in developed countries had well-established infrastructure and 

turnaround times of less than a week. Overall, pathologists were well trained but few in 

number, with inadequate numbers of trainees. Molecular and cytogenetic techniques, which 

are core elements of hematopathology, were not available in any of the centers.31

In light of the significant need, collaborative efforts to improve diagnostic pathology 

services in the region are ongoing at many levels. For instance, the National Cancer Institute 

(NCI) is currently supporting the Sub-Saharan Africa Lymphoma Consortium, a grouping of 

10 regional referral centers with an aim of characterizing lymphomas. In large part because 

of international investments such as this one, substantial progress has been made in recent 

years.

KAMUZU CENTRAL HOSPITAL, MALAWI

Although diagnostic pathology services remain insufficient in the region, they are not 

entirely absent.32 General uniformity and structure between programs is lacking, and 

infrastructure, staffing, and financial support are highly variable. In some areas, support 

from government and/or partnering academic institutions is significant, and laboratory 

capacity matches that in HIC. In contrast, some laboratories depend heavily on volunteers 

and donations, which adds logistical complexity.

The hematopathology services at the Kamuzu Central Hospital (KCH) were developed more 

recently, through the close collaborative efforts of the Malawi Ministry of Health and the 

University of North Carolina (UNC). Located in the capital city of Lilongwe, KCH is one of 

2 national teaching hospitals in Malawi and has a referral base of approximately 4 million to 

5 million people. The laboratory was established in 2011 with financial backing from both 

institutional and governmental sources.

In 2016, the laboratory processed a total of 5611 histology and 1998 cytology cases. Most of 

these cases were interpreted by one of 2 local pathologists without international consultation 

or additional stains. However, difficult cases, as well as diagnostic specimens from all 

patients enrolled in the ongoing KCH Lymphoma Study, are additionally reviewed at a 

weekly telepathology conference attended by Malawian clinicians, Malawian pathologists, 

and their counterparts in the United States. The basic work flow for such cases is outlined in 

Fig. 1. Briefly, bone marrow and tissue biopsies or cytology specimens are processed and 

then initially reviewed by a local pathologist, who develops an impression, which is often 

shared with the treating clinician. In some cases, an initial panel of IHC stains may be 

ordered (Box 1). Relevant slides are scanned using an Aperio slide scanner and then 

uploaded to a secure online server. Cases are then reviewed in a weekly telepathology 

conference attended by Malawi-based clinicians and pathologists, as well as their colleagues 

in the United States. After discussion at this conference, and often after additional rounds of 

IHC stains, a consensus diagnosis is rendered by the local pathologist.
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Box 1

Immunohistochemical stains available at the Kamuzu Central Hospital 
pathology laboratory

Available stains:

 CD45

 CD3

 CD20

 Ki67

 TdT

 BCL2

 CD30

 CD138

 HHV8 (latency-associated nuclear antigen)

 Synaptophysin

 AE1/AE3

To ensure quality control and to facilitate research studies, tissue blocks and glass cytology 

slides are sent to collaborators in the United States quarterly. Histology cases are then 

further characterized by a broader panel of IHC and in situ hybridization stains. After glass 

slide review and expanded immunophenotyping, a final diagnosis is rendered. In a cohort of 

KCH patients with lymphoma and other lymphoproliferative disorders, concordance 

between initial diagnosis in Malawi and final diagnosis in the United States was very high.8 

Although expanded immunophenotyping permits more granular classification of some 

lymphomas, the initial diagnosis made in Malawi led to treatment appropriate to this setting 

in 95% of cases.

In addition to the immediate impacts on patient care, the robust pathology service at KCH 

has had several additional impacts. First, as described later, it has facilitated involvement in 

several regional and international clinical trials. Second, and equally important, the growth 

of services and infrastructure has attracted Malawian pathologists and technologists to a 

center that lacked any pathology services just 6 years ago.

ONGOING REGIONAL AND INTERNATIONAL CLINICAL TRIALS

In addition to important individual efforts, there are 2 cooperative groups sponsored by the 

NCI focused on lymphoma treatment in SSA. First, the AIDS Malignancy Consortium 

includes several SSA centers, and to date has implemented treatment studies for Kaposi 

sarcoma and cervical cancer. A clinical trial is also being implemented for HIV-associated 

DLBCL, with patients randomized to receive either CHOP or low-dose oral metronomic 

treatment, based on results from an earlier pilot study in Kenya and Uganda for this 

population before ART was widely available.33,34 NCI is also working to convene a 

pediatric BL network spanning multiple SSA countries. Similar multicenter studies for 

pediatric BL specifically have been successfully completed by GFAOP and INCTR, as well 

as other groups.25,35,36 All of these efforts convincingly suggest that harmonized studies 
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across countries using a standardized protocol is achievable in SSA even for complex 

interventions like lymphoma treatment, and continued support for these efforts is vital to test 

innovative approaches and define optimal standards of care in LMIC.

FUTURE DIRECTIONS

Diagnostic pathology services are paramount for routine care and implementing impactful 

lymphoma trials. Although substantive progress has been made to document the extent to 

which pathology services are lacking, resources necessary to help guide the development 

and/or sustainability of anatomic pathology laboratories in the region are limited. Creation 

of universal best-practice guidelines, however, may be unrealistic because of intraregional 

variability in existing laboratory infrastructure, support, and staffing. Nonetheless, defining 

local needs, developing sustainable fiscal models to support pathology, and implementing 

quality-assurance standards are necessary for wider scale-up of lymphoma diagnostics in 

SSA.

Intensive laboratory accreditation processes necessary to maintain diagnostic consistency 

and accuracy in HICs. Although these standards are incrementally being addressed in the 

clinical pathology laboratories in SSA,37–40 the anatomic pathology services required for 

lymphoma diagnosis lag behind. This difference likely reflects complexities of more manual 

(rather than automated) testing and paucity of infrastructure and expertise. However, as 

obstacles to lymphoma treatment in SSA are overcome, there is increasing need for ongoing, 

region-specific proficiency testing and laboratory accreditation processes. Comprehensive 

assessment of current pathology laboratory capacity is clearly necessary, as are creative 

approaches to testing and sustainability. Collaborative approaches and resource sharing may 

significantly improve diagnostic quality throughout the region.

SUMMARY

The care of patients with lymphoma relies heavily on accurate tissue diagnosis. However, in 

SSA, where lymphoma burden is increasing because of population growth, aging, and 

persistent epidemic levels of HIV infection, diagnostic pathology services are often 

inadequate to support resource-appropriate lymphoma care. Improvement of regional 

capacity to accurately classify tumors is paramount to understanding true disease 

epidemiology and to establish effective treatment strategies. Although regionally lacking, 

successful pathology laboratories capable of supporting strong lymphoma clinical and 

research efforts have been established. Continued development of sustainable diagnostic 

approaches and implementation of quality control initiatives are likely to have far-reaching 

effects on improving lymphoma patient outcomes in the region.
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KEY POINTS

• Clinical and pathologic studies of patients not infected with human 

immunodeficiency virus with hematolymphoid malignancies are severely 

lacking in sub-Saharan Africa (SSA), but are necessary to inform and support 

effective treatment strategies.

• Most chemotherapeutic agents used for lymphoma treatment are inexpensive 

and available. As such, access to these therapies depends on accurate 

diagnosis and not necessarily funding.

• Targeted therapies for some lymphomas require specific diagnostic tools 

beyond the standard histology that is implementable in SSA.
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Fig. 1. 
KCH pathology laboratory work flow overview. ISH, in situ hybridization.
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