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Abstract

Introduction:Western Kenya is home to approximately 24million people, with 10mil-

lion children under the age of 15 years.1 Based on estimates of cancer incidence in

similar populations from around the world, approximately 1500 patients should be

diagnosed with pediatric cancer each year. This article describes the international col-

laboration that investigates potential barriers preventing the effective diagnosis of

pediatric patients with cancer.

Methods:Here,wedescribe amultidisciplinary and sequential approach tobetter eval-

uate the complex factors affecting the lack of appropriate diagnosis of pediatric cancer

inWestern Kenya.

Results: Internal review at a large tertiary hospital noted 200–250 patients were diag-

nosed annually, suggesting the remaining 75%–80% of patients go undiagnosed and

do not receive treatment. Following our screening process at a local referring hospital,

41 malaria slides demonstrated both morphologic and genetic evidence of leukemia.

Knowledge assessments of local providers at referring institutions suggested a lack of

education and training as the factors that contribute to lower rates of diagnosis.

Discussion: Through a multi-step approach, our teams were better able to isolate

potential issues impeding the appropriate and timely diagnosis of pediatric cancer in

Kenya.
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1 INTRODUCTION

Over the past decade, efforts have been made to identify health

care disparities affecting children in Sub-Saharan Africa. Western

Abbreviations: AMPATH, AcademicModel Providing Access to Healthcare; ECHO, Extension

for Community Health Outcomes; LMIC, low- andmiddle-income countries; MTRH,Moi

Teaching and Referral Hospital; MU,Moi University; SEER, Surveillance, Epidemiology and

End Results; SIOP, International Society of Paediatric Oncology; SME, subject matter expert.

Kenya is home to approximately 24 million people, with 10 million

children under the age of 15.1 Based on estimates of cancer inci-

dence in similar populations from around the world, approximately

1500 patients should be diagnosed with pediatric cancer each year

in Western Kenya.2 However, the number of children presenting

for cancer treatment is far below what would be anticipated based

on population-based epidemiology at large referral centers in

lower-middle income countries (LMIC). When patients fail to
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receive an appropriate diagnosis and treatment, they do not

survive.

The Academic Model Providing Access to Healthcare (AMPATH)

represents a partnership in global health connecting North Ameri-

can medical institutions with a regional tertiary care center in Eldoret

Kenya, Moi Teaching and Referral Hospital (MTRH), and an academic

medical institution, Moi University College of Health Sciences (MU).3,4

For more than 30 years, Indiana University has been a partner in

this collaboration with well-established success in addressing dispar-

ities for infectious disease outcomes such as tuberculosis and human

immunodeficiency virus in Kenya.5,6 Given this success, these institu-

tions have gradually broadened their scope to include other special-

ties and disease types as well as other partners around the world.

For the past decade, pediatric cancer has become an even greater

focus of care within AMPATH leading to improved awareness, diagno-

sis, and understanding of pediatric cancer treatment plans.7–15 These

efforts were further bolstered by the complementary twinning collab-

oration with Princess Máxima Center for Pediatric Oncology in the

Netherlands.16–18 As a result of all of these partnerships, and the

efforts of regional pediatricians, MTRH has been established as the

primary comprehensive diagnostic and treatment facility for pediatric

cancer inWestern Kenya.

Additional evidence of the success of this international collabora-

tion was seen in a recent comprehensive evaluation of pediatric can-

cer services in Africa. Specifically identified areas of impact include

continuous availability of chemotherapy, availability of radiotherapy,

the presence of pediatric oncologic surgeons, and trained pediatric

oncologists.19 The presence of a national health insurance program

further supports pediatric patients with cancer, although this only

becomes available when a formal diagnosis is made. Finally, in addi-

tion to the comprehensive center in Eldoret (Kenya), there exists a sim-

ilarly structured hospital in Nairobi which covers the Eastern regions

of the country. Despite operating independently, there is collaboration

of ideas and expertise with a shared interest in improving pediatric

cancer care. When utilizing the SIOP (International Society of Paedi-

atric Oncology) characteristics of infrastructure and levels of service

line outlined by Howard et al., the services of MTRH have also shown

growth over the past decade.20 While previously showing capabilities

consistent with a level 0 institution, there has been an upward trajec-

tory andMTRH is now consistent with levels 1 and 2 depending on the

specific service line.

Utilizing the current Kenya healthcare infrastructure and the mul-

tiple partnerships with MTRH, MU, IU, and Princess Maxima Cen-

ter for Pediatric Oncology, we have developed a multidisciplinary and

sequential approach to better evaluate the complex factors affecting

the lack of appropriate diagnosis of pediatric cancer inWestern Kenya

with a particular emphasis on childhood leukemia, the most common

malignancy affecting children.2 First, we developed a database to bet-

ter track all pediatric cancer diagnoses, geographic distribution, and

patient outcomes. Second,we utilized a retrospective reviewof lab val-

ues and malaria slides at a district hospital to identify patients with

pediatric leukemia to determinewhich patients may have presented to

health care facilities with underlying leukemia but had not received a

proper diagnosis. Finally, we surveyedpediatric healthcare providers in

Western Kenya utilizing a general oncology knowledge assessment to

test basic knowledge of pediatric oncology epidemiology, presentation,

and diagnosis. The results of these comprehensive, decade-long initia-

tives are reported here. In addition, we discuss the findings how these

insights can direct continued improvement in pediatric cancer diagno-

sis and treatment throughout the region.

2 METHODS

2.1 Part 1

The pediatric oncology team at Indiana University, the Dutch team

from Princess Máxima Center, and the oncologists working with

AMPATH together with the local pediatricians taking care of the chil-

dren with cancer established a formalized database in January 2010

for all pediatric cancer patients seen at MTRH. The registry collects

information regarding disease type, patient age, location, and treat-

ment outcome. For the purposes of this database, pediatric patients

were considered to be any child 14 years of age or younger. Diagno-

sis for leukemia and lymphoma was typically made based on morphol-

ogy, flow cytometry, or immunochemistry, while the diagnosis of solid

tumorswas often based on tissue immunohistochemistry or pathology.

Results have been continuously collected over the past decade, main-

tained by a local coordinator who can review medical records, com-

municate with clinicians and nursing teammembers, and connect with

primary health care providers for established patients. Patient infor-

mation has been collected at multiple time points including at diagno-

sis and end of treatment at a minimum. For patients who experienced

relapsed disease, thiswas also captured by the registry once confirmed

with tissue diagnosis.

After each calendar year, the total number of pediatric cancer diag-

noses and each individual cancer type are compared to the anticipated

diagnoses based on epidemiologic estimates relative to the regional

population. These epidemiologic estimates are derived from extrapo-

lated data from various databases including the Surveillance, Epidemi-

ology and End Results Program (SEER) and the Union for International

Cancer Control.2,21,22

2.2 Part 2

Following the review of the initial data in Part 1, our groups sought to

better understand the mechanisms leading to poor referral and diag-

nosis rates at the local level. As district and county hospitals act as the

first triage point for many patients referred to MTRH, this served as a

natural site of the subsequent investigation. One of these district hos-

pitals was identified as a focus center to investigate potential patients

who could not be appropriately diagnosed or referred.
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Due to the similar clinical presentation between leukemia and

malaria, as well as the ready availability of slides, we chose to review

peripheral blood smears made for malaria detection to retrospectively

screen for leukemia. Over 30,000 malaria slides were reviewed over

17 months from September 2012 through February 2014. Through a

series of checkpoints including cell counts and pathology review, slides

that were highly consistent with acute leukemiawere identified. These

slides were then processed, and cells were evaluated for leukemia via

polymerase chain reaction analysis after manually scraping individual

them off the slide. Although this review included both pediatric and

adult patients and the clinical data at the lab facility was incomplete,

the majority of these slides were from children 14 years of age or

younger.We then compared the data to the registry to determine if the

patients were being referred or evaluated at MTRH (T. Vik, personal

communication, November 16, 2020).

2.3 Part 3

Beginning in 2010, we host an annual 2-day pediatric oncology confer-

ence atMTRH located in Eldoret, Kenya, for clinicians and nurses in the

referral region who care for pediatric patients who may have cancer.

These providers typically practice at the level of the county hospital

or mission hospital where patients receive complete blood counts and

basic imaging including X-ray and ultrasound services. The conference

consists of didactic lectures given by pediatric oncologists and other

specialists as well as interactive small group instruction. This instruc-

tion targeted previously determined areas of need from prior years as

well as content that was expected of a general provider. At the onset of

the conference, all participants were given a general oncology knowl-

edge assessment prepared by subject matter experts (SMEs). This is

a 25-question test featuring clinical vignettes and relevant pediatric

oncology factual information. At the conclusion of the conference, the

participants were asked to complete the assessment for a second time.

The test was made by a compilation of SMEs each contributing two to

four questions for their disease-specific area and was verified by col-

leagues in the AMPATH network and the Dutch group. All knowledge

evaluated in the assessmentwas covered during the conference teach-

ing. The assessments are not anonymous and pre- and posttests were

matched to each participant to determine the level of improvement.

For participants who completed only a pretest or only a posttest, their

results were excluded from the analysis. After collecting all the results,

a paired t-test was used to assess for significant change as a result of

the delivered educational conference curriculum.

Moreover, after the conclusion of the conference, each participant

was given an opportunity to make additional recommendations for

future education and outreach to better address the noted gap in pedi-

atric cancer cases. These answers were reviewed by the hosting pedi-

atric oncologists. This was supplemented with the results from the

2016 and 2018 conference attendees, which were also available and

reviewed. Results from the conference in 2017 were not available.

Questions and comments that were endorsed by multiple attendees

were kept for review by the pediatric oncology team atMTRH.

F IGURE 1 The number of diagnosed cases of pediatric cancer at
Moi Teaching and Referral Hospital (MTRH) since 2010 compared to
the number of expected cases based on the population of the referral
region

3 RESULTS

3.1 Part 1

The pediatric cancer database was established in 2010 and has been

maintained and continuously updated since its launch. The overall

trends in pediatric cancer cases have been compared to the estimated

incidence, which is shown in Figure 1. Although 10 years of data

were included in this registry, recent trends reveal that only 200–250

patients were diagnosed annually in the last several years. Despite the

increasing number of diagnosed cases shown in Figure 1, this suggests

that the remaining 75%–80% of patients go undiagnosed and do not

receive treatment. Figure 2 shows the distribution of pediatric can-

cer in 2019 confirming that pediatric acute lymphoblastic leukemia is

the most common type of pediatric cancer in this region. Although this

should represent about 30%–40% of all pediatric cancer diagnoses,

only 49 cases (20%) were diagnosed in 2019 with slightly lower num-

bers in previous years.2,21,22

3.2 Part 2

Our internal review of the malaria slides from the district hospi-

tal was completed over a 17-month period during which more than

31,000 slides were collected. Following our screening process, 41

malaria slides demonstrated both morphologic and genetic evidence

of leukemia. In comparison with the pediatric cancer database at our

referral hospital, none of the patients with peripheral evidence of

leukemia were referred for either diagnosis or treatment at MRTH.

As the age of the patient was not actively and reliably recorded by

the outlying facility, the exact number of pediatric samples remained

unclear. However, multiple verbal discussions with lab personnel con-

firmed that themajority of samples were from pediatric patients.
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F IGURE 2 Frequency of each pediatric cancer diagnosis atMoi
Teaching and Referral Hospital (MTRH) in 2019

3.3 Part 3

At the 2020 annual pediatric oncology conference at MTRH, there

were a total of 45 attendees from various regions throughout West-

ern Kenya. Among these participants, 39 completed the pretest and

43 completed the posttest. There were 37 individuals who completed

both tests. For data analysis, only participants who completed both the

pretest andposttestwere included. Theaveragepretest scorewas13.9

and the average posttest score was 17.8 yielding an average increase

of 3.9 (p=<0.001). These results were supplemented with attendance

from prior years, dating back to 2016. In total, 124 participants com-

pleted both a pretest and a posttest. Themean increasewas 4.52 ques-

tions and the p-value was<0.001.

In addition to the quantitative scoring assessments, the qualitative

answers from attendees at the 2020 conference were reviewed. The

suggestions for future interventions found that over half of all atten-

dees were seeking additional educational opportunities moving for-

ward. This was consistent with the findings from previous conferences

as well.

4 DISCUSSION

The goal of this study was to better understand the scope and subse-

quently the mechanisms associated with the underdiagnosis of pedi-

atric cancer in Western Kenya. By first defining the magnitude of the

problem, and then examining it at the local patient and provider level,

our teams could better identify the next steps needed to help address

these disparities.

The first step was to better understand the rate of pediatric cancer

diagnosis in our hospital relative to population estimates. By building a

comprehensive pediatric cancer database, the local rates of diagnosis

could be followed in real time. This also better helped to highlight the

gaps between what our teams were seeing at MTRH in comparison to

the expected rates via epidemiologic estimates. Further, although the

extrapolation of SEER data for populations such as those in Kenya is

limited, this database represents the best available anticipated base-

line for the purposes of this work.

The next stepwas to help elucidate the presumably large population

of pediatric patients who likely do have cancer but have not received

a formal diagnosis and subsequent medical referral and treatment. In

its current state, the majority of referrals come from county hospi-

tals where initial workups including blood cell counts and imaging can

occur. Our team elected to focus on the local level to better evaluate

barriers to a proper diagnosis. Malaria has many overlapping signs and

symptoms with pediatric leukemia and typically requires a fingerstick

blood test to evaluate, which is readily available at district hospitals.

These coinciding diseases offered an opportunity to potentially find

patients with leukemia who were not referred for further workup and

thus not receiving appropriate diagnosis and treatment.

Based on the analysis of malarial slides which isolated dozens of

cases of undiagnosed pediatric leukemia from a single district hospi-

tal, it is reasonable to speculate that these patients are presenting to

local providers for evaluation. However, based on various system fail-

ures, the right tests and therefore the right diagnoses are not found. As

the district hospital sends themajority of patients toMTRH for further

care, it is suspected that these patients ultimately did not receive an

appropriatediagnosis and thereforedidnot survive.Although this eval-

uation is based on the overlapping signs of malaria and acute leukemia,

it supports the idea that a lack of education and awareness by primary

healthcare providers could be a leading issue. This lack of knowledge

was one of the driving mechanisms for assessing the potential impact

that educational interventions could have at the site of initial patient

contact.

The results of the knowledge assessments from the annual pediatric

oncology conference are also important to emphasize. As a result of

the improvement in posttest scores, it is noted that primary healthcare

providers do not yet have the general knowledge foundation to appro-

priately evaluate pediatric patients whomay have cancer. As a result, it

becomes less likely that the appropriate diagnostic workups are com-

pleted. The brief academic intervention at the conference showed sig-

nificant improvement following dedicated didactic learning. Thiswould

suggest that the relevant practitioners in the region have a willingness

and aptitude to learnmore about pediatric oncology if given the oppor-

tunity. Additionally, results of qualitative responses following the con-

ference suggest that additional academic opportunities would be wel-

come.

To this extent, our team intends to implement Project ECHO (Exten-

sion for Community Health Outcomes) as a mechanism to continue to
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offer additional educational opportunities to these providers. In this

way,we can utilize both case-based learning aswell as previously effec-

tive didactic educational sessions to help sustain the progress made at

this annual conference. As Project ECHO is a validated and sustainable

teleclinic tool adhering to the hub and spokesmodel,23–26 it is intended

that additional progress can still be made in the rate of pediatric can-

cer detection and appropriate referral. Further, as this is a validated

distance education platform, it is well suited for virtual learning during

a global pandemic, such as the coronavirus disease of 2019 or Ebola,

when travel and close contact are restricted. As the only tertiary refer-

ral hospital in the region,MTRH is uniquely positioned to offer both the

specialty expertise to function as a hub teamaswell as the resources to

offer further diagnostic and therapeutic interventions.

Although there are not recently published articles detailing the

implementation of Project ECHO and improvement of pediatric oncol-

ogyoutcomes, there areother instancesof educationachieving success

in LMIC. Cervical cancer represents a disease where multiple points

along the cancer continuum can effectuate care including prevention

with vaccination, early and effective screening, and ultimately timely

referral and treatment. There are several instances of telehealth edu-

cation being implemented to successfully address healthcare dispari-

ties using the Project ECHOmodel in LMIC.24,27,28

Additionally, previous work from international organizations such

as SIOP helps to better outline anticipated issues as the referral

infrastructure continues to grow. As more patients are referred and

appropriately diagnosed, new issues such as treatment abandonment,

funding, and access to standard chemotherapy are likely to arise.

A strong regional network of connected and educated personnel

will be better equipped to not only identify but also address these

concerns.

5 CONCLUSION

Through a multi-step approach, our teams were better able to iso-

late potential issues impeding the appropriate and timely diagnosis

of pediatric cancer in Kenya. First, epidemiological data and treat-

ment records at a large regional tertiary care center suggested at least

75% of patients with pediatric cancer were undiagnosed. A review

of malaria slides at a district hospital found several dozen cases of

leukemiawhichwere not referred for diagnosis or treatment. This sug-

gests that these patients are presenting for care; however, the cor-

rect labs and workup are not pursued leading to a lack of appropri-

ate diagnosis. Lack of general oncology knowledge played a critical

role, based on a pediatric oncology assessment of healthcare providers

in the region. The pre- and posttest results suggest significant learn-

ing potential for clinicians in medically underserved regions of Kenya.

Given the suggestions for continued improvement, our teams will plan

to use continuous virtual education platforms such as Project ECHO to

further address these disparities.
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