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The pathology laboratory at Kamuzu Central Hospital (KCH) in Lilongwe, Malawi 
was established in 2011. We  published our initial experiences in laboratory 
development and telepathology in 2013 and 2016, respectively. The purpose 
of this paper is to provide an update on our work by highlighting the positive 
role laboratory development has played in improving regional cancer care and 
research. In addition, we provide a summary of the adult pathology data from 
specimens received between July 1, 2011, and May 31, 2019, with an emphasis 
on malignant diagnoses. We compare these summaries to estimates of cancer 
incidence in this region to identify gaps and future needs.
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1 Introduction

Pathology services are crucial to addressing the escalating cancer burden in Africa that 
has resulted from the human immunodeficiency virus (HIV) epidemic, demographic 
expansion and aging, and shifting risk factor profiles due to a broad adoption of a westernized 
lifestyle (1). By providing healthcare systems with accurate diagnoses, pathology laboratories 
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facilitate disease recognition and monitoring at the individual and 
population levels and assist with clinical trial implementation and 
cancer research training. In these ways, pathology laboratories are 
invaluable in informing regionally appropriate treatment approaches 
and determining resource allocation to further develop the clinical 
and research infrastructure needed to optimize regional cancer care.

Prior to 2011, Lilongwe, the capital and most populous city of 
Malawi, had no local pathology services. Pathology specimens were sent 
to the United  Kingdom (before 1981) or to Blantyre, Malawi to 
be reviewed by the sole pathologist in the country (1982–1995). As a 
result, immediate diagnostic information and thus timely and 
appropriate care of patients could not be provided. In addition, there was 
a large proportion of either misdiagnosed or undiagnosed cancer cases.

Through a longstanding collaboration between the Malawi 
Ministry of Health (MoH), Kamuzu Central Hospital (KCH), and the 
University of North Carolina at Chapel Hill (UNC), a pathology 
laboratory was opened in Lilongwe, Malawi, in 2011, representing the 
second pathology lab in a country of, at that time, approximately 16 
million people. Here we present an update on laboratory development 
(2) and telepathology (3) with a special emphasis on the role this 
capacity development has played in regional cancer control. We also 
review the adult pathology data from KCH to determine how the case 
mix compares to regional cancer statistics. We hope to use this data to 
guide resource allocation, e.g., grant funding and research and 
training programs, needed for effective local cancer care.

2 Materials and methods

2.1 Ethics statement

The included research has been approved by the UNC institutional 
review board (IRB) and the Malawi National Health Sciences Research 
Committee. The IRB approval covers analysis of data collected 
through the UNC-Project Malawi cancer program.

2.2 Pathology data sources and analysis

This is a single center, retrospective case series of pathology 
specimens taken from adult patients aged 18 years or older and 
reviewed at the KCH pathology laboratory between July 1, 2011, and 
May 31, 2019. After specimen collection, a standardized pathology 
requisition form is completed by requesting clinicians and provided to 
the laboratory. This form includes basic patient information (age, date 
of birth, gender, and HIV status), brief clinical details, and specimen 
information (body site, tissue type, and date of collection). Once a 

specimen is received by the laboratory, it is assigned a unique case 
number, and details from the requisition form are recorded in a secure 
institutional database. Diagnostic conclusions are recorded in the same 
database after specimen processing and pathologic interpretation. Data 
from the KCH laboratory was initially stored using Microsoft Access 
until switching to the LABDAQ Laboratory Information System (LIS) 
in October 2018. The data pulled from the more recent LIS database 
was formatted to align with the Access formatting for ease of analysis.

We manually reviewed the database to categorize each specimen 
according to body system and diagnostic category. Diagnoses were 
categorized as malignant, premalignant, benign, non-neoplastic 
(infectious, reactive, or normal), non-diagnostic, or differential. The 
differential category was created for specimens that contained lesional 
tissue but could not be confidently categorized into one of the other 
defined categories. The body system and diagnostic category labels 
were later used to filter data to help generate descriptive statistics.

Descriptive statistics were used to summarize patient 
characteristics, specimen types, and final diagnoses. Log binomial 
regression was used to estimate HIV prevalence ratios (PR) and the 
corresponding 95% CI of the association between sex and prevalence 
of HIV for all participants and sex and prevalence of HIV among 
participants with malignant diagnoses. Bivariable and multivariable 
logistic regression were used to examine patient characteristics 
associated with malignant diagnosis. All analyses were conducted 
using Stata version 14.2 (StataCorp, College Station, Texas USA). A 
two-sided alpha value of 0.05 was used to assess statistical significance.

3 Results

3.1 Laboratory development and diagnostic 
procedures

As previously described (2), the KCH laboratory became operational 
in July 2011 and was staffed by one full-time Malawian pathologist who 
reviewed 95% of all specimens and was supported by international 
volunteers from Pathologists Overseas and weekly telepathology 
sessions with pathologists at UNC. The histology laboratory was staffed 
by three Malawian histology technicians. By July 2013, a handful of key 
immunohistochemical (IHC) stains (Ki-67, p16, LANA, CD3, CD20, 
CD45, ER, and PR) were implemented primarily to support the KCH 
Lymphoma Study, an observational clinical cohort of lymphoproliferative 
disorders (LPDs) that continues to enroll to this day (3).

Since 2013 the KCH laboratory has continued to grow (Table 1) and 
now includes three Malawian pathologists, five histology technicians, 
one cytotechnologist, and one administrative assistant. The pathologists 
all trained in South Africa and the other laboratory personnel received 
training either in South Africa or elsewhere in the region. The IHC panel 
has expanded to include markers used in the work-up of LPDs (BCL2, 
BCL6, CD10, CD30, CD138, MPO, MUM1 PAX5, and TdT), breast 
cancer (HER2), tumor differentiation (AE1/AE3, S100, synaptophysin, 
and neurofilament), and, with the support of Baylor College of Medicine 
Children’s Foundation-Malawi, pediatric small round blue cell tumors 
(CD99, desmin, and myogenin). Due to expanding diagnostic capacity, 
a new laboratory was built in 2017 growing the physical lab from 676 ft2 
to 1,557 ft2 to accommodate more personnel and laboratory equipment 
(Figure 1). This ongoing development has been supported by continuous 
rounds of NIH funding along with continued and expanding US-based 

Abbreviations: CHOP, Cyclophosphamide, Hydroxydaunomycin (doxorubicin 

hydrochloride), Oncovin (vincristine sulfate), Prednisone; DLBCL, Diffuse large 

B-cell lymphoma; EPOCH, Etoposide, Prednisone, Oncovin (vincristine sulfate), 

Cyclophosphamide, Hydroxydaunorubicin; HIV, Human immunodeficiency virus; 

IHC, Immunohistochemistry; KCH, Kamuzu Central Hospital; KS, Kaposi sarcoma; 

LIS, Laboratory information system; LPDs, Lymphoproliferative disorders; MoH, 

Ministry of Health; NHL, Non-Hodgkin lymphoma; PR, Prevalence ratio; R-CHOP, 

Rituximab, cyclophosphamide, doxorubicin hydrochloride (hydroxydaunomycin), 

vincristine sulfate (Oncovin), prednisone.
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institutional support, and, most importantly, financial support from the 
Malawi Ministry of Health.

As previously described, we  continue to conduct weekly 
clinicopathologic telepathology conferences followed by secondary 
review at UNC for patients with LPDs, and have maintained 
remarkably high concordance between real-time and final diagnoses 
(3). In addition, as of 2021, we also conduct pediatric clinicopathology 
conferences with the support of Baylor College of Medicine Children’s 
Foundation-Malawi. Both conferences are attended by US and 

Malawian pathologists, Malawi-based US medical oncologists, 
Malawian medical officers, other Malawian clinical and support staff 
including nursing, and occasionally, US-based trainees.

3.2 Adult pathology data analysis

The KCH pathology laboratory received 32,793 specimens from 
adult patients aged 18-years or older between July 1, 2011, and May 

TABLE 1 Timeline of key pathology laboratory developments at Kamuzu Central Hospital (KCH).

Year Progress

Before 1981 Specimens sent to St. Thomas’ Hospital in United Kingdom.

1982–1995 Specimens sent to Blantyre, Malawi: Queen Elizabeth Central Hospital (1982–95) and University of Malawi College of Medicine (1995–2011).

2010–2011 Acquisition of laboratory space at KCH in Lilongwe followed by renovations, equipment installation, and validation procedures.

2011 KCH laboratory operational in Lilongwe with one Malawian pathologist.

2013
Manual IHC and digital telepathology implemented.

First clinical cancer study established (KCH Lymphoma Study).

2016
New Malawian pathologist.

Breast cancer cohort initiated.

2017 New laboratory space with all new laboratory equipment opened.

2018
New Malawian pathologist.

Updated laboratory information system (LIS).

2021
Established partnership with Baylor College of Medicine Children’s Foundation-Malawi resulting in expanded IHC menu.

Obtained automated slide stainer and coverslipper.

2023 New Malawian pathologist.

FIGURE 1

Pictures of the old (left panel) and new (right panel) pathology laboratory building (top panel) and indoor laboratory space (bottom panel).
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TABLE 2 Specimen characteristics (n  =  32,793).

Diagnosis category

Malignant 9,629 29%

Premalignant 1,439 4%

Non-malignant 18,585 57%

  Infectious 1,393 4%

  Reactive 8,705 27%

  Benign 3,836 12%

  Normal 4,650 14%

Nondiagnostic 2,874 9%

Differential 267 1%

Specimen type

Histology 25,248 77%

Cytology 7,532 23%

Autopsy 13 <0.1%

TABLE 3 Summary of patient characteristics provided on pathology 
requisition forms.

Total Malignant Other

n =  32,793 n =  9,629 n =  23,164

Age, mean (SD) 44 (16) 50 (16) 42 (1)

Gender, n (%)

Provided 32,076 (98%) 9,422 (98%) 22,654 (98%)

  Female 22,432 (70%) 5,695 (60%) 16,737 (74%)

  Male 9,644 (30%) 3,727 (40%) 5,917 (26%)

Not provided 717 (2%) 207 (2%) 510 (2%)

HIV Status, n (%)

Provided 16,858 (51%) 4,680 (49%) 12,178 (53%)

  Positive 5,684 (34%) 1,927 (41%) 3,757 (31%)

  Negative 11,174 (66%) 2,753 (59%) 8,421 (69%)

Not provided 15,935 (49%) 4,949 (51%) 10,986 (47%)

31, 2019. The total number of adult specimens reviewed by year is 
shown in Figure 2, growing from approximately 92 specimens per 
month in 2011 to approximately 504 specimens per month in 2019. 
Specimen and patient characteristics are shown in Tables 2, 3. 
Unfortunately, due to the nature of our dataset, the absolute number 
of unique individuals within this group could not be  reliably 
determined. However, based on our prior experience (2) and the 
nature of the healthcare system in Malawi, we estimate that greater 
than 90% of specimens came from unique individuals. The reported 
patient characteristics are based on the data associated with each 
specimen received. Of all specimens received, 91% (n = 29,919) were 
diagnostic. Most were histology specimens (77%, n = 25,248), the 
plurality came from the female reproductive system (44%, n = 14,413), 

and the majority of diagnoses were non-malignant (57%, n = 18,585). 
Overall, mean age was 44 years. Gender was provided for the majority 
(98%, n = 32,076) of cases with 70% (n = 22,432) coming from female 
patients. HIV status was known for 51% (n = 16,858) of cases, and of 
the cases with known HIV status, 34% (n = 5,684) were HIV-positive.

Malignant diagnoses accounted for 29% (n  = 9,629) of 
specimens, and HIV status was known for 49% (n = 4,680) of these 
cases. In malignant cases, compared to all other cases, patients were 
older (50 vs. 44 years, p < 0.001), had a higher prevalence of HIV 
infection (41% vs. 31%, p < 0.001), and were more commonly male 
(74% vs. 60%, p < 0.001). Figure 3 shows the ten most common 
malignant diagnoses with cervical cancer (23%, n = 2,201) being the 
most common. Based on organ system, the most common malignant 

FIGURE 2

Yearly total number of adult pathology specimens processed by Kamuzu Central Hospital (KCH) pathology laboratory between July 1, 2011, and May 
31, 2019. For the year 2019, the total number of specimens were extrapolated using the average number of specimens reviewed per month between 
January 1, 2019, and May 31, 2019. For the year 2011, only the total number of specimens received between July 1, 2011 and December 31, 2011 are 
reported.
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diagnoses were in the female reproductive (28%, n  = 2,736), 
gastrointestinal (15%, n = 1,449), dermatologic (11%, n = 1,066), 
and genitourinary (11%, n  = 1,036) systems. The highest HIV 
prevalence was seen in Kaposi sarcoma (KS) (83%) and eye cancer 
(75%, predominantly primary squamous cell carcinoma), and the 
lowest HIV prevalence was seen in prostate (8%) and bladder (7%) 
cancer. Figure 4 shows the ten most common malignant diagnoses 
in men and women, respectively, along with HIV prevalence by 
cancer type.

Of the malignant cases with known HIV status (n = 4,680), 41% 
(n = 1,927) were HIV-positive, and these had a higher proportion of 
malignant diagnoses (34%, n = 1,927) compared to HIV-negative cases 
(25%, n = 2,753, p < 0.001). Figure  5 shows the ten most common 
malignant diagnoses by HIV status. The most common malignancy 
in each group was cervical cancer, which accounted for 31% of both 
malignant HIV-negative (n = 846) and HIV-positive cases (n = 596). 
Overall, HIV prevalence was lower in cases with female gender 
(PR = 0.80; 95% CI: 0.80–0.88, p < 0.001), but there was no difference 
in HIV prevalence between male and female cases among malignant 
diagnoses (PR = 0.94; 95% CI: 0.87–10.1, p = 0.079).

Table 4 shows bivariable and multivariable associations between 
patient characteristics (age, gender, and HIV status) and a malignant 
diagnosis. A decade increase in age (adjusted odds ratio (aOR) = 1.42; 
95% CI: 1.38–1.46) and HIV infection (aOR = 1.74; 95% CI: 1.61–1.87) 
were associated with increased odds of a malignant diagnosis while 
female gender (aOR = 0.51; 95% CI: 0.47–0.55) was associated with 
reduced odds of a malignant diagnosis.

3.3 Research and clinical trials

Figure 6 shows the total number of cancer-related publications 
(n = 93) from UNC-Project Malawi cancer program between 2013 and 
2022  in addition to publications specifically made feasible by 
pathology laboratory development and diagnostic services at KCH 
(n = 55, 59%). The majority (n = 30, 55%) of this latter group includes 
publications related to the study of LPDs. However, the KCH 
laboratory has also been involved in the research of esophageal cancer 
(4–6), breast cancer (7, 8), cervical cancer (9–11), melanoma (12), 
head and neck squamous cell carcinoma (13), and KS (14–19).

4 Discussion

Within a little over a decade, continual Malawi MoH investment 
in the KCH pathology laboratory along with efficient use of grant 
funding and ongoing research and training collaborations between the 
Malawi MoH, KCH, and UNC have greatly enhanced cancer care and 
research in Malawi.

For example, rapid diagnoses, robust clinical and follow-up data, 
and histologic confirmation of every case in the KCH lymphoma 
cohort gave the opportunity to advance understanding of the natural 
history, disease distribution, and unique biology of LPDs in this 
region. Firstly, it was recognized that most patients who were biopsied 
for cervical lymphadenopathy had malignant diagnoses (35%) rather 
than tuberculosis (6%), the latter of which was believed to be the most 

FIGURE 3

Ten most common adult malignant diagnoses rendered at KCH pathology laboratory between July 1, 2011, and May 31, 2019. The bars are divided to 
show the proportion of patients with reported HIV status (HIV-positive in black, HIV-negative in gray) and unknown HIV status (HIV?). For the patients 
with reported HIV status, the proportion of HIV-positive cases (%) is reported.
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FIGURE 5

Ten most common malignant diagnoses rendered in HIV-positive (HIV+) and HIV-negative (HIV-) patients at KCH pathology laboratory between July 1, 
2011, and May 31, 2019. * and ** indicate malignant diagnoses unique to the most common malignant diagnoses in the HIV- and HIV+ groups, 
respectively.

TABLE 4 Association of patient characteristics with malignant diagnosis.

Bivariable OR (95% CI) Multivariable OR (95% CI)

Age, per decade 1.39 (1.37–1.41) 1.42 (1.38–1.46)

Female gender 0.54 (0.51–0.57) 0.51 (0.47–0.55)

HIV infection 1.57 (1.46–1.68) 1.74 (1.61–1.87)

OR, odds ratio; CI, confidence interval. *Bivariable analyses include only specimens with known patient age (n = 32,793), gender (n = 32,076), or HIV status (n = 16,858). **Multivariable 
analyses include only specimens with known patient age, gender, and HIV status (n = 16,487).

FIGURE 4

Ten most common adult male (left) and female (right) malignant diagnoses rendered at KCH pathology laboratory between July 1, 2011, and May 31, 
2019. The bars are divided to show the proportion of patients with reported HIV status (HIV-positive in black, HIV-negative in gray) and unknown HIV 
status (HIV?). For the patients with reported HIV status, the proportion of HIV-positive cases (%) is reported.
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common cause of cervical lymphadenopathy in Africa at the time 
(20). Later, several case reports and case series expanded knowledge 
and recognition of rare subtypes of LPDs seen at KCH including 
extranodal NK/T-cell lymphoma (21), Rosai-Dorfman disease (22), 
primary effusion lymphoma (23), plasmablastic lymphoma (24), and 
multicentric Castleman disease (25–28). Through facilitating clinical 
trial enrollment, the KCH lymphoma study has also shown that 
CHOP, R-CHOP, and modified EPOCH are safe, effective, and feasible 
treatment regimens for aggressive non-Hodgkin lymphoma (NHL) 
(29), diffuse large B-cell lymphoma (DLBCL) (30), and other high-risk 
NHLs, e.g., plasmablastic lymphoma (31), respectively. Studies 
combining pathologic diagnoses with outcomes data have provided 
valuable information regarding prognosis and treatment feasibility in 
patients with DBLCL (32, 33), classic Hodgkin lymphom (34), acute 
lymphoblastic leukemia/lymphoma (35), Burkitt lymphoma (36–41), 
and relapsed or refractory lymphoma (42), and cost-effectiveness 
studies have further supported the feasibility of treating DLBCL in 
Malawi (43, 44). Lastly, gene expression profiling performed on 
pathologically confirmed cases of DLBCL provided one of the first 
molecular characterizations of DLBCL in Africa and showed that 
there was marked gene expression differences by HIV status in the 
KCH cohort and that prognostication systems used in resource-rich 
settings (e.g., cell of origin subtype) could not reliably predict 
outcomes (45). These findings suggest a tumor biology unique to this 
setting which has spurred additional investigations.

Due to the primary driving forces behind diagnostic laboratory 
development at KCH, there may be a differential representation of 
diseases in our cohort compared to population-based cancer registry 
statistics. For example, while lymphoma is estimated to be the seventh 
most common adult malignancy in Malawi representing 4% of total 
cancer cases in 2020 (46), it is over-represented in our cohort being 
the third most common malignancy and representing 7% of our 
cancer cases. Conversely, there is a possible under-representation of 
cervical (23% vs. 26%) and esophageal (7% vs. 11%) cancers in our 
cohort compared to cancer registry estimates (46). A major 
complicating factor in analyzing the data is limited population-based 

cancer registry data in Malawi and Africa in general (47). Additional 
research is needed to determine if and why specific cancers may 
be under-represented in the KCH database, and how best to address 
care and research gaps of these malignancies.

Due to the continued high prevalence of HIV infection in Malawi, 
with an adult prevalence rate of 7% reported in 2022 (48), 
HIV-associated malignancies are a prominent focus of research 
programs in this region and health care providers are likely very 
familiar with managing these diseases. Compared to our prior report 
in 2013 (2), a much higher proportion of malignant cases at KCH had 
known HIV status (49% vs. 11%), especially in cancers known to 
be associated with HIV infection: KS (80%), cervical cancer (66%), 
and lymphoma (65%). In our cohort, HIV was associated with 
increased risk of malignancy, the three AIDS-defining malignancies 
(cervical cancer, lymphoma, and KS) were in the top five most 
common cancer diagnoses, and HIV prevalence among all malignant 
and non-malignant cases with known HIV status was 34%. Clearly, 
HIV continues to impact cancer incidence in Malawi and HIV-infected 
individuals continue to have increased morbidity compared to the 
general population.

While a continued focus on HIV-associated diseases is essential, 
other variables should be  considered in cancer control program 
development. With the scale up of antiretroviral treatment (ART) (49) 
and evolving risk factors such as population growth and aging (50) 
and adoption of westernized lifestyles, the neoplastic milieu is 
changing and clinical and research programs must also evolve. Our 
data again shows that increasing age is associated with malignancy; 
therefore, continued capacity development is needed to address the 
growing cancer burden in this aging population. Secondly, 
gastrointestinal cancers accounted for 15% of malignant diagnoses in 
our cohort, second only to female reproductive cancers (28%). Other 
than esophageal cancer, we do not have established projects focusing 
on other malignancies in this important group. Lastly, male gender 
was again associated with malignancy in bivariable and multivariable 
analysis with 39% of diagnoses made in male patients being malignant 
compared to 25% in female patients. This statistic may be misleading 

FIGURE 6

Total number of cancer-related publications, reported by year, associated with UNC-Project Malawi (n  =  93). The columns are divided into those 
publications requiring pathology laboratory services (gray, n  =  55) and those not requiring pathology laboratory services (black, n  =  38).
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when one considers the impact of cervical cancer screening programs 
which result in a higher number of nonmalignant specimens among 
women compared with men. And, of note, regional statistics have 
consistently shown a higher cancer incidence in women than men 
(50, 51).

There are limitations to this work. As previously described (2), 
this data set comes from a national teaching hospital in a resource-
limited setting, likely resulting in significant selection and referral bias 
compared to population-based cancer registries. KCH cancer patients 
tend to present with advanced disease after a long referral process. 
And, unfortunately, many of patients die before presenting for care. 
As previously discussed, malignancies that are a focus of active 
research programs will be overrepresented, and malignancies that may 
be  difficult to diagnose pathologically, e.g., visceral sites or 
malignancies for which there are limited treatment options will 
be  underrepresented. Next, demographic data is obtained from 
handwritten laboratory requisition forms filled out by busy clinicians 
at the time of specimen collection and transcribed into the laboratory 
information system (LIS). Due to typographical errors and absence of 
an electronic medical record (EMR), it is difficult to maintain 
complete and accurate records for patients seen at KCH. While KCH 
theoretically serves a referral population of 10 million from the 
Central and Northern Regions of Malawi, geospatial analyses are 
needed to determine exactly where patients are coming from, which 
regions are underserved, and why. In addition, an analysis of local 
referral patterns and reasons for diagnosis and treatment delays is 
needed. Even with these limitations, this data and continued efforts in 
laboratory development can help inform cancer control planning, 
especially in a region with evolving but still limited population-based 
cancer registries (47).

Despite the ongoing growth and success witnessed over the 
past decade, there are countless opportunities for further 
advancing self-sufficiency and optimizing regional and resource 
appropriate cancer care. A key focus will be  to coordinate 
diagnostic capacity development with available treatment options 
and utilize our pathology data to support expansion of the cancer 
care infrastructure at KCH. Currently, traditional cytotoxic 
chemotherapy and endocrine therapies are routinely available 
and provided free of charge to patients by the Malawi MoH as 
part of universal health coverage. Therefore, treatment options 
for cancers that respond to these therapies, such as hematologic 
malignancies, are good. However, treatment options for solid 
tumors which often require radiation and surgical oncologic 
approaches are limited. Radiation is not yet available at KCH but 
is planned to be implemented in 2024. Surgical oncology services 
are available, but the capacity is limited as the demand for 
curative tumor resections far outstrips the supply of surgeons and 
operating room capacity. In addition, newer, more expensive 
therapies such as rituximab and trastuzumab are occasionally 
available to patients through the MoH, but if not, private access 
to similar therapies is often limited as the demand is low given 
the extremely high price of these therapies.

In conclusion, diagnostic pathology services are essential for 
advancing cancer care and research. Not only do they provide rapid 
diagnoses that impact treatment decisions for individual patients, 
but also, they provide tissue needed to study biology of disease and 

identify regionally appropriate and clinically actionable targets that 
can be  explored through clinical trials. Research programs also 
provide an avenue for training local cancer researchers that can 
continue to advance cancer control efforts. With the compound 
burden of continued high prevalence of HIV-associated 
malignancies, a growing incidence of malignancies associated with 
population aging and westernized lifestyle, and a notable scarcity of 
diagnostic pathology services in this area, hospital-based cancer 
registries with robust clinical and demographic data paired with 
pathologically confirmed cancer diagnoses are invaluable for 
informing regional and resource appropriate cancer control 
program development.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by University of 
North Carolina Institutional Review Board Malawi National Health 
Sciences Research Committee. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
Written informed consent for participation was not required from the 
participants or the participants’ legal guardians/next of kin in 
accordance with the national legislation and institutional requirements.

Author contributions

AB: Conceptualization, Formal analysis, Methodology, 
Supervision, Writing – original draft, Writing – review & editing. MD: 
Data curation, Writing – review & editing. MC: Formal analysis, 
Methodology, Writing – review & editing. TT: Data curation, Writing –  
review & editing. MM: Data curation, Writing – review & editing. SK: 
Data curation, Writing – review & editing. CK: Data curation, Writing –  
review & editing. FC: Data curation, Writing – review & editing. JG-F: 
Funding acquisition, Resources, Writing – review & editing, Project 
administration. KW: Data curation, Writing – review & editing. NO: 
Resources, Writing – review & editing, Project administration. RK: 
Data curation, Methodology, Writing – review & editing. CM-B: Data 
curation, Methodology, Writing – review & editing. MP: Data 
curation, Methodology, Writing – review & editing. SG: Data curation, 
Methodology, Resources, Writing – review & editing. YF: 
Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Methodology, Resources, Supervision, Writing – original 
draft, Writing – review & editing, Project administration.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This work was 

https://doi.org/10.3389/fmed.2024.1336861
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Brownlee et al. 10.3389/fmed.2024.1336861

Frontiers in Medicine 09 frontiersin.org

supported by the National Cancer Institute (U54CA254564 and 
U54CA254569) and the Malawi Cancer Outcomes Research Program 
(D43CA260641). The funding agencies had no role in study design, 
data collection, data analysis, data interpretation, manuscript writing, 
or the decision to submit it for publication.

Acknowledgments

We are grateful to the patients in our study and their families, 
as well as Kamuzu Central Hospital, the Malawi Ministry of 
Health, University of North Carolina Project-Malawi, and Baylor 
College of Medicine Children’s Foundation-Malawi for their  
support.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Roberts LR, Rivers BM, Yates CC, Newman LA, Sarkodie BD, Davis MB, et al. 

Unmet needs in oncology clinical research and treatment in Africa: focus on Ghana. 
Oncologist. (2022) 27:760–7. doi: 10.1093/oncolo/oyac109

 2. Gopal S, Krysiak R, Liomba NG, Horner MJ, Shores CG, Alide N, et al. Early 
experience after developing a pathology Laboratory in Malawi, with emphasis on Cancer 
diagnoses. PLoS One. (2013) 8:e70361. doi: 10.1371/journal.pone.0070361

 3. Montgomery ND, Liomba NG, Kampani C, Krysiak R, Stanley CC, Tomoka T, et al. 
Accurate real-time diagnosis of lymphoproliferative disorders in Malawi through 
Clinicopathologic teleconferences: a model for pathology Services in sub-Saharan 
Africa. Am J Clin Pathol. (2016) 146:423–30. doi: 10.1093/ajcp/aqw118

 4. Mlombe Y, Rosenberg N, Wolf L, Dzamalala CP, Challulu K, Chisi J, et al. 
Environmental risk factors for oesophageal cancer in Malawi: a case-control study. 
Malawi Med J. (2015) 27:88–92. doi: 10.4314/mmj.v27i3.3

 5. Liu W, Snell JM, Jeck WR, Hoadley KA, Wilkerson MD, Parker JS, et al. Subtyping 
sub-Saharan esophageal squamous cell carcinoma by comprehensive molecular analysis. 
JCI Insight. (2016) 1:e88755. doi: 10.1172/jci.insight.88755

 6. Buckle GC, Mrema A, Mwachiro M, Ringo Y, Selekwa M, Mulima G, et al. 
Treatment outcomes of esophageal cancer in eastern Africa: protocol of a multi-center, 
prospective, observational, open cohort study. BMC Cancer. (2022) 22:82. doi: 10.1186/
s12885-021-09124-5

 7. Kohler RE, Moses A, Krysiak R, Liomba NG, Gopal S. Pathologically confirmed 
breast cancer in Malawi: a descriptive study: clinical profile of breast cancer. Malawi Med 
J. (2015) 27:10–2. doi: 10.4314/mmj.v27i1.3

 8. Youngblood VM, Nyirenda R, Nyasosela R, Zuze T, Yang Y, Kudowa E, et al. 
Outcomes and prognostic factors for women with breast cancer in Malawi. Cancer 
Causes Control. (2020) 31:393–402. doi: 10.1007/s10552-020-01282-4

 9. Kohler RE, Tang J, Gopal S, Chinula L, Hosseinipour MC, Liomba NG, et al. High 
rates of cervical cancer among HIV-infected women at a referral hospital in Malawi. Int 
J STD AIDS. (2016) 27:753–60. doi: 10.1177/0956462415592999

 10. Wilkin T, Chen H, Sahasrabuddhe V, Matining R, Mngqibisa R, Chinula L, et al. 
A randomized clinical trial of human papillomavirus test-and-treat as compared to 
cytology-based screening for prevention of cervical Cancer among women with human 
immunodeficiency virus: AIDS Clinical Trials Group protocol a 5282. Clin Infect Dis. 
(2022) 75:1280–8. doi: 10.1093/cid/ciac213

 11. Chinula L, McGue S, Smith JS, Saidi F, Mkochi T, Msowoya L, et al. A novel 
cervical cancer screen-triage-treat demonstration project with HPV self-testing and 
thermal ablation for women in Malawi: protocol for a single-arm prospective trial. 
Contemp Clin Trials Commun. (2022) 26:100903. doi: 10.1016/j.conctc.2022.100903

 12. Mulenga M, Montgomery ND, Chagomerana M, Mzumala T, Tomoka T, Kampani 
C, et al. Epidemiological and histopathological profile of malignant melanoma in 
Malawi. BMC Clin Pathol. (2019) 19:5. doi: 10.1186/s12907-019-0087-6

 13. Faggons CE, Mabedi CE, Liomba NG, Funkhouser WK, Chimzimu F, Kampani C, 
et al. Human papillomavirus in head and neck squamous cell carcinoma: a descriptive 
study of histologically confirmed cases at Kamuzu central Hospital in Lilongwe, Malawi. 
Malawi Med J. (2017) 29:142–5. doi: 10.4314/mmj.v29i2.12

 14. Host KM, Horner MJ, van der Gronde T, Moses A, Phiri S, Dittmer DP, et al. 
Kaposi’s sarcoma in Malawi: a continued problem for HIV-positive and HIV-negative 
individuals. AIDS. (2017) 31:318–9. doi: 10.1097/QAD.0000000000001341

 15. El-Mallawany NK, Kamiyango W, Villiera J, Slone JS, Kovarik CL, Campbell LR, 
et al. Proposal of a risk-stratification platform to address distinct clinical features of 
pediatric Kaposi sarcoma in Lilongwe, Malawi. J Glob Oncol. (2017) 4:1–7. doi: 10.1200/
JGO.17.00054

 16. El-Mallawany NK, Kamiyango W, Villiera J, Peckham-Gregory EC, Scheurer ME, 
McAtee CL, et al. Kaposi sarcoma herpesvirus inflammatory cytokine syndrome–like 
clinical presentation in human immunodeficiency virus–infected children in Malawi. 
Clin Infect Dis. (2019) 69:2022–5. doi: 10.1093/cid/ciz250

 17. Moorad R, Kasonkanji E, Gumulira J, Gondwe Y, Dewey M, Pan Y, et al. A 
prospective cohort study identifies two types of HIV+ Kaposi sarcoma lesions: 
proliferative and inflammatory. Int J Cancer. (2023) 153:2082–92. doi: 10.1002/ijc.34689

 18. El-Mallawany NK, Mehta PS, Kamiyango W, Villiera J, Peckham-Gregory EC, 
Kampani C, et al. KSHV viral load and Interleukin-6 in HIV-associated pediatric Kaposi 
sarcoma—exploring the role of lytic activation in driving the unique clinical features 
seen in endemic regions. Int J Cancer. (2019) 144:110–6. doi: 10.1002/ijc.31863

 19. El-Mallawany NK, Kamiyango W, Slone JS, Villiera J, Kovarik CL, Cox CM, et al. 
Clinical factors associated with long-term complete remission versus poor response to 
chemotherapy in HIV-infected children and adolescents with Kaposi sarcoma receiving 
bleomycin and vincristine: a retrospective observational study. PLoS One. (2016) 
11:e0153335. doi: 10.1371/journal.pone.0153335

 20. Mabedi C, Kendig C, Liomba G, Shores C, Chimzimu F, Kampani C, et al. Causes 
of cervical lymphadenopathy at Kamuzu central hospital. Malawi Med J. (2014) 26:16–9.

 21. Tomoka T, Powers E, van der Gronde T, Amuquandoh A, Dhungel BM, Kampani 
C, et al. Extranodal natural killer/T-cell lymphoma in Malawi: a report of three cases. 
BMC Cancer. (2017) 17:633. doi: 10.1186/s12885-017-3612-y

 22. Kasonkanji E, Seguin R, Kaimila B, Dhungel BM, Painschab M, Tomoka T, et al. 
Rosai-Dorfman disease in Malawi. Clin Case Rep. (2018) 6:2313–5. doi: 10.1002/
ccr3.1820

 23. Dhungel BM, Montgomery ND, Painschab MS, Mulenga M, Tomoka T, Kaimila 
B, et al. ‘Discovering’ primary effusion lymphoma in Malawi. AIDS. (2018) 32:2264–6. 
doi: 10.1097/QAD.0000000000001933

 24. Zuze T, Painschab MS, Seguin R, Kudowa E, Kaimila B, Kasonkanji E, et al. 
Plasmablastic lymphoma in Malawi. Infect Agent Cancer. (2018) 13:22. doi: 10.1186/
s13027-018-0195-4

 25. Gopal S, Fedoriw Y, Montgomery ND, Kampani C, Krysiak R, Sanders MK, et al. 
Multicentric Castleman’s disease in Malawi. Lancet. (2014) 384:1158. doi: 10.1016/
S0140-6736(14)61366-0

 26. Gopal S, Liomba NG, Montgomery ND, Moses A, Kaimila B, Nyasosela R, et al. 
Characteristics and survival for HIV-associated multicentric Castleman disease in 
Malawi. J Int AIDS Soc. (2015) 18:20122. doi: 10.7448/IAS.18.1.20122

 27. Tomoka T, Painschab MS, Montgomery ND, Seguin R, Mulenga M, Kaimila 
B, et al. A prospective description of HIV-associated multicentric Castleman 
disease in Malawi. Haematologica. (2019) 104:e215–7. doi: 10.3324/haematol. 
2018.204479

 28. Painschab MS, Mponda M, Tomoka T, Kampani C, Chimzimu F, Fedoriw Y, et al. 
Case report: multicentric Castleman disease as a manifestation of immune reconstitution 
inflammatory syndrome in Malawi. Front Oncol. (2022) 12:969135. doi: 10.3389/
fonc.2022.969135

 29. Gopal S, Fedoriw Y, Kaimila B, Montgomery ND, Kasonkanji E, Moses A, et al. 
CHOP chemotherapy for aggressive non-Hodgkin lymphoma with and without HIV in 
the antiretroviral therapy era in Malawi. PLoS One. (2016) 11:e0150445. doi: 10.1371/
journal.pone.0150445

 30. Kimani S, Painschab MS, Kaimila B, Kasonkanji E, Zuze T, Tomoka T, et al. Safety 
and efficacy of rituximab in patients with diffuse large B-cell lymphoma in Malawi: a 
prospective, single-arm, non-randomised phase 1/2 clinical trial. Lancet Glob Health. 
(2021) 9:e1008-e 1016. doi: 10.1016/S2214-109X(21)00181-9

https://doi.org/10.3389/fmed.2024.1336861
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1093/oncolo/oyac109
https://doi.org/10.1371/journal.pone.0070361
https://doi.org/10.1093/ajcp/aqw118
https://doi.org/10.4314/mmj.v27i3.3
https://doi.org/10.1172/jci.insight.88755
https://doi.org/10.1186/s12885-021-09124-5
https://doi.org/10.1186/s12885-021-09124-5
https://doi.org/10.4314/mmj.v27i1.3
https://doi.org/10.1007/s10552-020-01282-4
https://doi.org/10.1177/0956462415592999
https://doi.org/10.1093/cid/ciac213
https://doi.org/10.1016/j.conctc.2022.100903
https://doi.org/10.1186/s12907-019-0087-6
https://doi.org/10.4314/mmj.v29i2.12
https://doi.org/10.1097/QAD.0000000000001341
https://doi.org/10.1200/JGO.17.00054
https://doi.org/10.1200/JGO.17.00054
https://doi.org/10.1093/cid/ciz250
https://doi.org/10.1002/ijc.34689
https://doi.org/10.1002/ijc.31863
https://doi.org/10.1371/journal.pone.0153335
https://doi.org/10.1186/s12885-017-3612-y
https://doi.org/10.1002/ccr3.1820
https://doi.org/10.1002/ccr3.1820
https://doi.org/10.1097/QAD.0000000000001933
https://doi.org/10.1186/s13027-018-0195-4
https://doi.org/10.1186/s13027-018-0195-4
https://doi.org/10.1016/S0140-6736(14)61366-0
https://doi.org/10.1016/S0140-6736(14)61366-0
https://doi.org/10.7448/IAS.18.1.20122
https://doi.org/10.3324/haematol.2018.204479
https://doi.org/10.3324/haematol.2018.204479
https://doi.org/10.3389/fonc.2022.969135
https://doi.org/10.3389/fonc.2022.969135
https://doi.org/10.1371/journal.pone.0150445
https://doi.org/10.1371/journal.pone.0150445
https://doi.org/10.1016/S2214-109X(21)00181-9


Brownlee et al. 10.3389/fmed.2024.1336861

Frontiers in Medicine 10 frontiersin.org

 31. Zuze T, Ellis GK, Kasonkanji E, Kaimila B, Nyasosela R, Nyirenda R, et al. 
Modified EPOCH for high-risk non-Hodgkin lymphoma in sub-Saharan Africa. Cancer 
Med. (2019) 9:77–83. doi: 10.1002/cam4.2631

 32. Painschab MS, Kasonkanji E, Zuze T, Kaimila B, Tomoka T, Nyasosela R, et al. 
Mature outcomes and prognostic indices in diffuse large B-cell lymphoma in Malawi: a 
prospective cohort. Br J Haematol. (2019) 184:364–72. doi: 10.1111/bjh.15625

 33. Montgomery ND, Randall C, Painschab M, Seguin R, Kaimila B, Kasonkanji E, 
et al. High pretreatment plasma Epstein-Barr virus (EBV) DNA level is a poor prognostic 
marker in HIV-associated, EBV-negative diffuse large B-cell lymphoma in Malawi. 
Cancer Med. (2019) 9:552–61. doi: 10.1002/cam4.2710

 34. Westmoreland KD, Stanley CC, Montgomery ND, Kaimila B, Kasonkanji E, el-
Mallawany NK, et al. Hodgkin lymphoma, HIV, and Epstein–Barr virus in Malawi: 
longitudinal results from the Kamuzu central hospital lymphoma study. Pediatr Blood 
Cancer. (2017) 64:10.1002/pbc.26302. doi: 10.1002/pbc.26302

 35. Kasonkanji E, Kimani S, Skiver B, Ellis G, Seguin R, Kaimila B, et al. Clinical 
characteristics and outcomes of acute lymphoblastic leukemia in adolescents and young 
adults in Malawi. JCO Glob Oncol. (2022) 8:e2100388. doi: 10.1200/GO.21.00388

 36. Stanley CC, Westmoreland KD, Heimlich BJ, El-Mallawany NK, Wasswa P, Mtete 
I, et al. Outcomes for paediatric Burkitt lymphoma treated with anthracycline-based 
therapy in Malawi. Br J Haematol. (2016) 173:705–12. doi: 10.1111/bjh.13986

 37. Westmoreland KD, Montgomery ND, Stanley CC, El-Mallawany NK, Wasswa P, 
van der Gronde T, et al. Plasma Epstein-Barr virus DNA for pediatric Burkitt lymphoma 
diagnosis, prognosis and response assessment in Malawi. Int J Cancer. (2017) 
140:2509–16. doi: 10.1002/ijc.30682

 38. El-Mallawany NK, Mutai M, Mtete I, Gopal S, Stanley CC, Wasswa P, et al. Beyond 
endemic Burkitt lymphoma: navigating challenges of differentiating childhood 
lymphoma diagnoses amid limitations in pathology resources in Lilongwe, Malawi. Glob 
Pediatr Health. (2017) 4:2333794X17715831. doi: 10.1177/2333794X17715831

 39. Westmoreland KD, El-Mallawany NK, Kazembe P, Stanley CC, Gopal S. Dissecting 
heterogeneous outcomes for paediatric Burkitt lymphoma in Malawi after anthracycline-
based treatment. Br J Haematol. (2018) 181:853–4. doi: 10.1111/bjh.14716

 40. Painschab MS, Westmoreland KD, Kasonkanji E, Zuze T, Kaimila B, Waswa P, et al. 
Prospective study of Burkitt lymphoma treatment in adolescents and adults in Malawi. 
Blood Adv. (2019) 3:612–20. doi: 10.1182/bloodadvances.2018029199

 41. Gondwe Y, Salima A, Manda A, Ozuah N, Mapurisa G, Brandt K, et al. Spatial 
distribution of incident pediatric Burkitt lymphoma in central and northern Malawi and 
association with malaria prevalence. Pediatr Blood Cancer. (2022) 69:e29867. doi: 
10.1002/pbc.29867

 42. Kaimila B, van der Gronde T, Stanley C, Kasonkanji E, Chikasema M, Tewete B, 
et al. Salvage chemotherapy for adults with relapsed or refractory lymphoma in Malawi. 
Infect Agent Cancer. (2017) 12:45. doi: 10.1186/s13027-017-0156-3

 43. Painschab MS, Kohler RE, Kasonkanji E, Zuze T, Kaimila B, Nyasosela R, et al. 
Microcosting analysis of diffuse large B-cell lymphoma treatment in Malawi. J Glob 
Oncol. (2019) 5:1–10. doi: 10.1200/JGO.19.00059

 44. Painschab MS, Kohler R, Kimani S, Mhango W, Kaimila B, Zuze T, et al. 
Comparison of best supportive care, CHOP, or R-CHOP for treatment of diffuse large 
B-cell lymphoma in Malawi: a cost-effectiveness analysis. Lancet Glob Health. (2021) 
9:e1305–13. doi: 10.1016/S2214-109X(21)00261-8

 45. Fedoriw Y, Selitsky S, Montgomery ND, Kendall SM, Richards KL, du W, et al. 
Identifying transcriptional profiles and evaluating prognostic biomarkers of HIV-
associated diffuse large B-cell lymphoma from Malawi. Mod Pathol. (2020) 33:1482–91. 
doi: 10.1038/s41379-020-0506-3

 46. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pineros M. (2020). Global cancer 
observatory: cancer today. Available at: https://gco.iarc.fr/today (Accessed October 6, 2023).

 47. Omonisi AE, Liu B, Parkin DM. Population-based Cancer registration in sub-
Saharan Africa: its role in research and Cancer control. J Global Oncol. (2020) 6:1721–8. 
doi: 10.1200/GO.20.00294

 48. UNAIDS. (2022) UNAIDS: Malawi HIV and AIDS estimates. Available at: https://
www.unaids.org/en/regionscountries/countries/malawi (Accessed October 20, 2023).

 49. Harries AD, Ford N, Jahn A, Schouten EJ, Libamba E, Chimbwandira F, et al. Act 
local, think global: how the Malawi experience of scaling up antiretroviral treatment has 
informed global policy. BMC Public Health. (2016) 16:938. doi: 10.1186/s12889-016-3620-x

 50. Bray F, Parkin DMAfrican Cancer Registry Network. Cancer in sub-Saharan 
Africa in 2020: a review of current estimates of the national burden, data gaps, and 
future needs. Lancet Oncol. (2022) 23:719–28. doi: 10.1016/S1470-2045(22)00270-4

 51. Msyamboza KP, Dzamalala C, Mdokwe C, Kamiza S, Lemerani M, Dzowela T, et al. 
Burden of cancer in Malawi; common types, incidence and trends: national population-
based cancer registry. BMC Res Notes. (2012) 5:149. doi: 10.1186/1756-0500-5-149

https://doi.org/10.3389/fmed.2024.1336861
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1002/cam4.2631
https://doi.org/10.1111/bjh.15625
https://doi.org/10.1002/cam4.2710
https://doi.org/10.1002/pbc.26302
https://doi.org/10.1200/GO.21.00388
https://doi.org/10.1111/bjh.13986
https://doi.org/10.1002/ijc.30682
https://doi.org/10.1177/2333794X17715831
https://doi.org/10.1111/bjh.14716
https://doi.org/10.1182/bloodadvances.2018029199
https://doi.org/10.1002/pbc.29867
https://doi.org/10.1186/s13027-017-0156-3
https://doi.org/10.1200/JGO.19.00059
https://doi.org/10.1016/S2214-109X(21)00261-8
https://doi.org/10.1038/s41379-020-0506-3
https://gco.iarc.fr/today
https://doi.org/10.1200/GO.20.00294
https://www.unaids.org/en/regionscountries/countries/malawi
https://www.unaids.org/en/regionscountries/countries/malawi
https://doi.org/10.1186/s12889-016-3620-x
https://doi.org/10.1016/S1470-2045(22)00270-4
https://doi.org/10.1186/1756-0500-5-149

	Update on pathology laboratory development and research in advancing regional cancer care in Malawi
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Pathology data sources and analysis

	3 Results
	3.1 Laboratory development and diagnostic procedures
	3.2 Adult pathology data analysis
	3.3 Research and clinical trials

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

