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Abstract

Purpose—Survival from Wilms Tumor (WT) exceeds 90% at 5 years in developed nations,
whereas at last report, 2-year event-free survival (EFS) in Kenya reached only 35%. To clarify
factors linked to these poor outcomes in Kenya, we established a comprehensive web-based WT
registry, comprised of patients from the four primary hospitals treating childhood cancers.

Materials and Methods—WT patients diagnosed between January 2008 and January 2012
were identified. Files were abstracted for demographic characteristics, treatment regimens, and
enrollment in the Kenyan National Hospital Insurance Fund (NHIF). Children under 15 years of
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age having both a primary kidney tumor on imaging and concordant histology consistent with WT
were included.

Results—Two-year event-free survival (EFS) was 52.7% for all patients (n=133), although loss
to follow up (LTFU) was 50%. For the 33 patients who completed all scheduled standard therapy,
2-year EFS was 94%. Patients enrolled in NHIF tended to complete more standard therapy and
had a lower hazard of death (Cox 0.192, p <0.001).

Conclusion—Survival of Kenyan WT patients has increased slightly since last report. Notably,
WT patients completing all phases of standard therapy experienced 2-year survival approaching
the benchmarks of developed nations. Efforts in Kenya should be made to enhance compliance
with WT treatment through NHIF enrollment.

Wilms tumor; global health; pediatric cancer; Kenya; race disparity

Nephroblastoma or Wilms Tumor (WT) is the most common childhood kidney cancer
worldwide, yet its incidence, behavior, and outcome vary according to ethnicity and
geographic location(1). WT poses a disease burden to black sub-Saharan Africans and ranks
second or third among the most frequently diagnosed childhood cancers (2,3). This
frequency differs from North American childhood cancer incidences, which place WT fifth
behind leukemia, lymphoma, CNS tumors, and neuroblastoma (4).

Although WT is often curable in developed nations, children affected in resource-
constrained regions of Sub-Saharan Africa experience poor outcomes. Kenya is one such
country particularly burdened by this childhood cancer(5). The last analysis of WT survival
among Kenyan patients reported a two-year event-free survival (EFS) of only 34.7% (6),
which stands in contrast to recent survival rates exceeding 90% at 5 years in developed
countries (7,8). WT therefore occurs commonly among Kenyan children and continues to
produce an unacceptably high mortality.

Interestingly, this increased predisposition for children of black African ancestry to develop
WT persists despite geographic location and generations of genetic distance from sub-
Saharan origin. Black African-American children have an increased incidence of WT (11
cases per million children <15 y of age) compared with whites (8 cases per million) (1,9).
Among children presenting with WT in Tennessee, a greater proportion were black, and
differences in molecular profiling of WT were observed between race groups, which may in
part contribute to these ethnic variations in both incidence and outcome(10,11).

Curious about the possibility of a biological basis for these disparities, we recently
conducted an exploratory study to characterize the molecular phenotype in Kenyan Wilms
Tumor (KWT) (11). KWT specimens showed many of the classical and typical features of
WT. Disease aggressiveness, treatment resistance, and a distinct molecular signature
suggested a unique tumor phenotype in these patients. However, interpretation of these
results was limited by high numbers of patients who became lost to follow up or abandoned
care; in addition, clinical data were incomplete in nearly every case. Sample sizes were too
small to make generalizable statements.

To refine and clarify the clinical significance of these preliminary molecular observations, a
partnership was established between researchers at VVanderbilt University Medical Center
(VUMC), Meharry Medical School in Nashville TN, and the four highest volume pediatric
surgical hospitals in Kenya: Kenyatta National Hospital (KNH) in Nairobi, AIC Kijabe
Hospital in Kijabe, Tenwek Mission Hospital in Bomet, and Moi Teaching and Referral
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Hospital (MTRH) in Eldoret. The purposes of these collaborations are: 1) to create a
comprehensive Kenyan WT registry (KWTR) for gathering clinical data and for facilitating
ongoing patient treatment; 2) to create a WT tissue repository for parallel biological studies,
and 3) to assign molecular profiles more reliably to those WT patients having completed
cancer care, which will yield greater prognostic accuracy than the alternative and less
precise scenario if patients remain undertreated.

We hypothesized that event-free survival (EFS) for children diagnosed with and treated for
WT had improved since last report, but that a higher death rate from WT would persist when
compared to that in more developed countries. Secondarily, we hypothesized that
completion of all phases of therapy would result in greater EFS and that greater access to
care through national health insurance coverage would improve completion of therapy and
thereby decrease the risk of death.

1. Materials and Methods
1.1. Study Design and Definitions

To initiate the KWTR, we performed a retrospective chart review of all patients diagnosed
with WT beginning Jan 1, 2008. All patients under 15 years of age having imaging or
operative findings of a primary kidney tumor were included. We excluded patients with a
pathologic diagnosis of a tumor other than WT. Several definitions are important to
understand this study. Loss to follow-up (LTFU) was defined as any patient missing his or
her next scheduled treatment or follow-up appointment and further not having a scheduled
follow-up appointment. Study patients were classified as active in therapy if currently
receiving chemotherapy, radiation therapy, or surgical planning and who were not LTFU.
Patients were classified as having completed all therapy if all therapeutic interventions,
including preoperative chemotherapy, operative resection, postoperative chemotherapy, and
radiation, had been documented as finished. Patients were considered to have received a
blood transfusion if any blood product (packed red blood cells, plasma, platelets, etc.) had
been administered outside of the operating room. Nearly every patient received some type of
blood transfusion /nthe operating theatre and so these cases were not considered among the
blood transfusion status variable.

1.2. Patient Cohort

To initiate and establish the KWTR, two American authors (JA & MA) traveled to Kenya.
After obtaining Ethics Review Committee (ERC) or Institutional Review Board (IRB)
permissions at each of the four collaborating Kenyan centers, patient lists were created first
by querying discharge diagnosis records. At the two larger institutions, KNH and MTRH,
the authors manually reviewed all histology records for the past 4 years. Any patient with a
histopathologic diagnosis of WT or nephroblastoma was added to this list. At the Kijabe and
Tenwek mission hospitals, digital histopathologic records were available for the study
period. Candidates identified by a digital query of these databases were also added to the list
of potential registrants. Outpatient and inpatient cancer registries maintained at MTRH were
reviewed for potential registry candidates. File clerks at each location attempted to locate
records for patients on each list. Multiple visits were made over six weeks to maximize the
number of patient files. Of 221 potential KWTR entrants on the initial list, 184 files were
located. Of these, 133 met the inclusion criteria. We were unable to determine any
characteristics of patients with missing files. They were excluded from further analysis.

1.3. Kenyan Wilms Tumor Registry

The authors wished to create a sustainable Wilms tumor registry that would provide
expandability, electronic stability, and equal access for all research partners. It was also
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essential that the registry be simple to access, operate, and maintain at minimal cost. We
hoped that the registry could provide a framework upon which future low cost and
sustainable registries for trauma, clinical care, and other cancers in both pediatrics and adults
could be built. To fulfill these goals, the consortium hospitals jointly created the KWTR by
utilizing REDCap (Research Electronic Data Capture) tools hosted at VUMC(12). REDCap
is a secure, web-based application designed to support data capture for research studies,
providing: 1) an intuitive interface for validated data entry; 2) audit trails for tracking data
manipulation and export procedures; 3) automated export procedures for seamless data
downloads to common statistical packages; and 4) procedures for importing data from
external sources. Although hosted initially at VUMC, data hosting may eventually reside
within Kenya as the tool is applied to other disease entities.

Using an existing institutional tumor registry at MTRH, previous studies, and individual
clinical experiences of coauthors, we developed a data collection instrument that could
capture past, current, and ongoing therapy. After a two-week trial, modifications were made
to accommodate the realities of data collection in Kenya.

1.4. Minimum Staging

Minimum staging was estimated using Children’s Oncology Group (COG) criteria(13).
Initial staging was based on imaging and then updated according to intraoperative findings,
including tumor spillage, visible lymph node involvement, and metastases. Staging was
finalized after review of pathological reports, such as of lymph node positivity and margins.

1.5. Statistics

2. Results

End points for our primary analysis were overall survival, and 2-year event free survival
(EFS). The overall survival time for each subgroup of interest was estimated using the
Kaplan-Meier method with 95% confidence intervals. Log-rank test was used to compare
the equality of survival curves for two subgroups. To investigate potential prognostic
factors, such as sex, age, the status of completing all therapy, NHIF membership, tribal
membership, and blood transfusion status, we performed multivariable survival analysis by
applying Cox proportional hazards model on the survival data. The adjusted p values as well
as the adjusted 95% confidence intervals from the Cox model were reported. To assess
whether our analysis had potential bias in estimating patient survival due to a large
proportion LTFU, we conducted statistical tests to evaluate the relationship between risk
factors for patients having detailed follow-up information and those LTFU. For continuous
variables, two-sample T test was applied; for categorical variables, Fisher’s exact test was
applied. In addition, secondary analysis of tribal data was compared to current state
ethnographics using one sample test of proportion with Yates’s correction for continuity.
Descriptive percentages are reported as the percentage of patients for whom that data point
was available, since complete data were not available for all patients. All tests were
conducted at the 0.05 significance level. STATA version 11.2 (StataCorp LP; College
Station, TX) was used for statistical analyses.

2.1 Demographics and Treatment Regimens

Of 133 analyzed patients, 53.4% were male, and the mean age at diagnosis was 41 months
(95% CI 36.7 — 45.3). Fifty-four percent (95% CI 44.4 — 62.7) were enrolled in NHIF (1).
Presenting symptoms were similar to those reported in other studies, but also reflect the
more advanced stage of many of these tumors (Table 2). The average child presented to
medical attention 3.1 months after initial symptoms. Diagnosis was established on average
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15.5 days after presentation, but the first therapeutic intervention (operation or
chemotherapy) was not initiated until 41.2 days after presentation.

WT therapy has many variations between the four treating institutions in Kenya. North
American COG protocols guide therapy in the two mission hospitals, whereas the
International SIOP (Société Internationale d’Oncologie Pédiatrique) based protocols are
followed in the state-funded hospitals. This variation in treatment style can be seen in the
description of treatment completion (Table 1). For the total study cohort, twenty-eight
percent of patients had up-front resection before chemotherapy, while 74% received
preoperative chemotherapy; overall, resection was completed in 69.9% of cases.
Radiotherapy was administered in full courses to 16.8% of diagnosed children. Overall,
24.8% of patients (n=33) completed all prescribed therapy.

2.2 Loss To Follow Up (LTFU)

LTFU was 50%. Because LTFU can cause inaccuracy in study outcomes, we reviewed
demographic and staging information with respect to patients LTFU (1). The LTFU group
differed in that they had been diagnosed in a shorter period of time, had completed resection
in greater proportion, and had completed radiotherapy in greater proportion than patients not
LTFU. As would be expected, fewer patients in the LTFU group completed therapy in any
given phase.

2.3 Survival and the Effect of National Health Insurance Fund Enrollment

Two-year event-free survival (EFS) from WT was 52.7% for all patients. Among the 33
patients who completed all therapy, 2-year EFS was 94%. (Fig. 1) Cox proportional hazard
of death was 0.046 for those who completed all therapy (Table 3; p = 0.004). As predicted,
patients enrolled in the NHIF tended to complete more or all therapy. (Fig. 2) 34.8% of
NHIF enrollees completed all therapy, but only 23.5% of those without NHIF completed all
therapy (Fig. 2; Fishers exact, p = 0.002). Cox proportional hazard of death was 0.184 for
those enrolled in NHIF (Table 3; Fig. 3; p < 0.001).

2.4 Tribe of Origin

2.5 Staging

To assess for hereditary predisposition, tribal affiliation was evaluated. Overall, most tribes
were distributed within our WT cohort at the expected rate(14), but Kikuyu tribe members
were over-represented. Although the Kikuyu tribe comprises 22% of the Kenyan population,
it comprised 35.6% of WT patients within this study (p = 0.001, One sample test of
proportion). Conversely, the Luo tribe represents 13% of the Kenyan population, but only
4% of WT patients originated from this tribal subgroup (p = 0.007, One sample test of
proportion).

In Kenya, imaging to establish a WT diagnosis can include abdominal ultrasound, computed
tomography, intravenous urography, and chest x-ray. Staging imaging was not performed
uniformly; furthermore, many patients receive imaging at sites outside the treating hospital.
When imaging is obtained outside the hospital system, results may not be recorded in the
patient chart or may be on a loose piece of paper that is easily lost. For these reasons,
information adequate for minimum initial staging according to COG criteria was available
for only 125 patients. Where possible, this staging information was updated using operative
findings and pathology results. We report a minimum COG stage for this Kenyan cohort of
WT patients, recognizing that some may be under staged. Of those patients having sufficient
data to estimate a minimum stage, 4 (3.2%) were stage 1, 53 (42.4%) stage 2, 45 (36%)
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stage 3, 21 (16.8%) stage 4, and 2 (1.6%) stage 5. Staging did differ by LTFU and is
displayed in Table 1.

2.6 Complications

One third (33.8%) of patients experienced some type of soft tissue infection while receiving
therapy, including surgical wound infection. Interestingly in this unvaccinated population,
8.3% of patients contracted varicella zoster during their therapy. At least two patients
experienced doxorubicin-related cardiac dysfunction. Nearly 20% required blood
transfusions outside the operating theater. These transfused patients had a hazard ratio of
death of 2.13 (95% CI 1.01 — 4.49, p = 0.048) on Cox Multiple Hazard regression analysis
(Table 4; Fig. 4).

3. Discussion

Overall, we observed a two-year EFS from WT in Kenya of 52.7%, which represents a small
improvement since the last report in 2001(6). More significantly, those who completed all
standard therapy achieved a survival rate of 94% at two years. NHIF enrollment increased
the number of patients completing successive phases of therapy and greatly decreased the
hazard of death. An unexpected finding was that the Kikuyu tribe was over-represented
among those diagnosed with WT. Tribal origin was not associated with a higher risk of
death. Finally, blood transfusions received outside of the operating theater were associated
with a greater hazard of death.

Death and morbidity from cancer in developing countries are increased for all 27 cancers
evaluated by Soerjomatoram in 2008(15). This is again demonstrated in this study. Cancer
care inequalities are vast. Large opportunities exist for improving cancer care and correcting
health care disparities.

Of particular note, we learned from this study that enroliment in the NHIF was associated
with greater survival. Moreover, membership in NHIF also increased the percent of WT
patients completing all standard therapy from 23.5 to 34.8%. Although health insurance can
be costly in developed nations, membership in the Kenyan NHIF for the entire family costs
320 Kenya Shillings (KES) per month for those employed and 160 KES per month for those
who are self-employed, ($3.75 U.S. and $1.88 U.S, respectively) (16). KNH now requires
newly diagnosed patients to apply for enrollment in NHIF. There is a 90-day waiting period
for new claims, and pre-existing diseases do not preclude membership. Because of this
beneficial effect of enrollment in NHIF, in the next phase of our ongoing studies, we will
finance enrollment of patients in the NHIF in order to determine whether the relative
survival advantage can be realized on a prospective basis. Every effort should be made to
enroll children diagnosed with WT (or any malignancy) in the NHIF.

A discouraging finding from this study was that half of the patients were LTFU. Many
patients stopped follow-up after definitive tumor resection was performed and before
adjuvant chemotherapy was completed. In many cases, preoperative chemotherapy was the
only medicinal adjunct that many patients received. It is unclear if this abandonment of care
reflects social misconception regarding the treatability of WT beyond definitive surgery or
reflects a strain on family resources to complete all levels of treatment. In Kenya, some
families indeed believe that cancer is never curable or only occasionally curable by surgery,
after which further chemotherapy and radiation is perceived as futile or unnecessary
(personal communication, Abdallah, F.).

This current study is limited by the realities of research in the developing world. For
example, files for 37 patients could not be located, follow-up was not uniform, and LTFU
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was considerable. WT treatment was not standardized and varied from institution to
institution. Also, we could not measure the true incidence of WT in Kenya, because
estimates of the population served by institutions vary widely and overlap. Tribal population
distributions of WT also appeared to vary considerably. Regarding staging, regional and
distant metastatic data were limited in the detail of description, and not sufficiently reliable
to permit a comparative stage-for-stage survival analysis with developed nations. Gathering
the same data in a prospective manner should be more accurate to gage responses to therapy
and to associate molecular profiles with outcome variables. This retrospective analysis study
design cannot determine causation in the NHIF impact on survival or barriers that prevent
enrollment of all patients. It may be that NHIF membership is a surrogate marker of those of
higher socio-economic status, who are more capable of paying medical costs, which would
translate into improved outcomes. Despite these acknowledged limitations, we believe this
study makes a significant contribution to our understanding of factors affecting survival
from WT in Kenya, and importantly, it lays the sustainable foundation, in the form of a
registry and tissue repository, for future investigation, both epidemiologic and molecular in
nature.

In summary, we observed limited progress in the outcomes from WT in Kenya since the last
publication of data compiled from the mid-1990°s(6). This study further highlights a
cooperative effort between American and Kenyan investigators to improve care through a
comprehensive Kenyan WT Registry and Tissue Repository. Most notably, NHIF
enrollment enhanced therapy completion and was associated with a large decrease in hazard
of death. Patients who completed all phases of therapy showed 2-year event-free survival
approaching standards of developed nations. Yet Kenyan WT patients continued to
experience high in-therapy death rates, which may represent advanced-stage or treatment-
resistant disease, delay in presentation, malnutrition, other undefined co-morbid disease, or
susceptibility to treatment toxicity. Efforts should be made to enhance compliance with WT
treatment protocols through interventions such as NHIF enrollment. The KWTR can be used
to coordinate patient care and to facilitate patient entry into NHIF membership. The
initiation of this registry shows a snapshot of the current situation for children diagnosed
with this burdensome disease and highlights many opportunities for improvement.
Discussions have already begun to create a standardized nationwide WT treatment protocol
based on COG and SIOP protocols but specific to Kenyan epidemiologic and biologic
features. These efforts will ensure that more patients complete all phases of treatment. Only
then can our advanced proteomic analysis, which is currently underway, accurately assign a
molecular fingerprint to specific outcome parameters and risk groups, and only then can we
also determine whether a unique biology contributes to the described poor outcomes. We
anticipate that the next report from Kenya will show great improvement in WT patient
survival.
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Percentage of patients completing each phase of Wilms Tumor therapy for those enrolled
and not enrolled in the Kenya National Hospital Insurance Fund and included in the Kenyan
Wilms Tumor Registry.
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Fig 2.
Kaplan-Meier survival curve for patients in the Kenyan Wilms Tumor Registry enrolled vs.
NOT enrolled in the Kenya National Hospital Insurance Fund.
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Kaplan-Meier Survival curve for patients in the Kenyan Wilms Tumor Registry completing
vs. not completing all prescribed therapy.
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Received Blood Transfusion(s) vs Did NOT Receive Blood Transfusion(s)
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Fig 4.

Months Of Follow Up

Kaplan-Meier survival curve for those in the Kenyan Wilms Tumor Registry receiving vs.

NOT receiving a blood transfusion.
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Table 2

Presenting symptoms, complications, and mode of diagnosis for patients in the Kenyan Wilms Tumor
Registry.

Presenting Symptoms: (n = 133)" Percent | 95% ClI
Abdominal Distention 97.7 93.5-99.5
Weight Loss 345 26.6 -43.3
Decreased Appetite 331 25.1-417
Fever 16.5 10.7-24.0
Nausea and Vomiting 10.5 59-17.0
Hematuria 6.8 31-125

Method of Diagnosis (n = 133)

Fine Needle Aspiration 39.8 31.5-48.7
Ultrasound 36.1 27.9-44.9
Computed Tomography 19.5 13.2-27.3
Intravenous Urography 7.4 0-4.1
Open Biopsy 2.3 05-6.5

Complications n = 1337

Wound Infection? 33.8 25.9-425

Blood Transfusion 195 13.2-27.3

Respiratory Distress 18.8 125-26.5

Therapy Delay Due To Lack Of Funds > 158 100-23.1

Pneumonia 15.0 9.4-22.2
Urinary Tract Infection 14.3 8.8-21.4
Neutropenia 10.5 59-17.0
Drug Not Available 9.0 4.7-152
Chicken Pox 8.3 42-143
Renal Insufficiency/Failure 5.3 2.1-105
Seizure 53 2.1-105
Therapy Related Cardiomyopathy 15 0.2-53

*A patient may have more than one presenting symptom (Percentages sum to > 100%).
fA patient may have more than one complication (Percentages sum to > 100%).
’tlncludes postoperative infection and soft tissue infections.

§Transfusi0n of blood, or blood product outside of the operating room.

Hok

Documented delay of therapy or imaging due to lack of funding.
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Tribal affiliation for children in the Kenyan Wilms Tumor Registry compared with Kenya tribal distribution
reported by the 2012 World Factbook(14).

Tribes'(n=101) | n | % | % KenyaPopulation (14T | p¥

Kikuyu 36 | 35.6 22 0.001
Luhya 16 | 15.8 14 0.7

Kamba 13 | 129 11 0.658
Kalenjin 10 | 9.9 12 0.62
Kisii 5 5.0 6 0.814
Luo 4 4.0 13 0.01
Meru 4 4.0 6 0.513

*
Tribes with less than four cases not shown.

fPercentage of each tribe represented in the Kenyan population.

iOne sample test of proportion with Yates’s correction for continuity.
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Multiple Cox Hazard Regression for hazard of death for patients in the Kenyan Wilms Tumor Registry.

Table 4

Hazard of Death 95% ClI p
Male 1.6 0.76-3.51 | 0.214
Age 1.0 0.96-1.02 | 0.757
NHIE * Member 0.19 0.06-0.45 | 0.000
Completed All Therapy 0.05 0.01-0.39 | 0.004
Transfusion 213 1.01-4.49 | 0.048
Member of Kikuyu Tribe 0.73 0.33-1.57 | 0.414

*
National Hospital Insurance Fund
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