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Abstract 

Purpose:  

To validate, assess, and utilize the Bugando Cancer Registry (BCR) of Bugando 

Medical Centre (BMC), Mwanza, Tanzania for radiotherapy (RT) services planning. 

Methods:  

For BCR validation, we randomly sampled 63 total registry cases. Two reviewers 

not associated with the BCR manually collected data elements from medical records and 

compared them with BCR data to measure concordance and completeness.  

For BCR assessment, we described the pattern of pediatric and adult 

malignancies from 2008 to 2016 and classified them by GLOBOCAN standards. Primary 

tumor sites, means of diagnosis, HIV status, and the number of AIDS-defining 

malignancies (cervix, non-Hodgkin lymphoma, and Kaposi sarcoma) were reported. The 

2012 GLOBOCAN estimates for Tanzania were then scaled to the Lake Zone using 2012 

national census data and adjusted for population growth to compare BCR cases in 2016. 

Finally, for BCR utilization for RT planning, all notifiable cancer cases diagnosed 

in 2016 were used as the basis for analysis. RT utilization based on primary site was 

calculated using the latest version of the evidence-based estimation method from the 

Collaboration for Cancer Outcomes Research and Evaluation’s (CCORE-EBEST), a RT 

utilization model based on Australian incidence of notifiable cancers. CCORE-EBEST 
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was modified to account for the high number of cases of Kaposi sarcoma seen at BMC. A 

time-driven activity-based costing (TD-ADC) model was used to compute the total 

resources and operational costs for three situations: the capacity to treat 500 patients per 

year, the required capacity to meet 100% of the clinical need, and the clinical need that 

could be met with maximal equipment and staff capacity (four teletherapy units, one 

orthovoltage unit, one brachytherapy afterloader, two simulators). 

Results:  

 BCR validation: All 63 reviewed registry records had complete cancer site and 

morphology information included in the registry. For the majority (n=41), the basis of 

diagnosis was pathology. Of sampled registry cases, primary tumor site and 

morphology were 74% and 70% concordant, respectively. Of the fifteen parameters 

entered into the BRC, twelve (80%) were 100% complete and the overall completeness 

was 97%. The median concordance rate was 79% (interquartile range 72%-86%). 

 BCR assessment: A total of 2,772 cases were reported. 2,286 cases were adult 

(82.5%) and 486 cases were pediatric (17.5%). 2,522 patients (91%) lived in one of the six 

Lake Zone regions. Number of cancer cases reported in the registry by year increased 

from 19 in 2008 to 1,272 in 2016.  Means of diagnosis were histologic or cytologic 

confirmation for 1,923 cases (85%), clinical investigations (e.g., radiologic studies) for 528 

cases (19%), clinical diagnosis for 298 cases (11%), serologic tumor markers for 13 cases 

(0.5%), unknown for 7 (0.2%) cases, and death certificate for 3 (0.1%) cases. The most 
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common adult cancers were cervix (n=520, 22.7%), breast (n=288, 12.6%), prostate (n=195, 

8.5%), others (n=198, 8.7%), and Kaposi sarcoma (n=184, 8.0%). The most common 

pediatric cancers were non-Burkitt non-Hodgkin lymphoma (n=84, 17.3%), Burkitt 

lymphoma (n=80, 16.5%), Wilms tumor (n=71, 14.6%), soft tissue sarcoma (n=56, 11.5%), 

and leukemia (n=50, 10.3%). The number of unique BCR cases logged in 2016 was 12.2% 

of the expected number based on GLOBOCAN estimates (1,116 v. 9,165, p<0.001). 

 RT utilization: A total of 1,088 unique cancer cases were analyzed. Casemix was 

significantly different between BMC and the modified CCORE-EBEST model, with 

significantly higher cases of cervix (29.5% v. 1.0%, p<0.001) at BMC and fewer cases of 

breast cancer (9% v. 12.2%, p<0.001) and prostate cancer (10.1% v. 18.4%, p<0.001).  The 

proportion of new cancer cases requiring RT at BMC was 56.4%, significantly higher 

than the original CCORE-EBEST expected rate of 48.4% (p<0.001). In 2016, had RT been 

available, 614 patients at BMC would have received RT for a total of 11,837 fractions. To 

treat 500 patients per year, BMC has sufficient teletherapy capacity with a single Co-60 

teletherapy unit operating 12 hours per day, but a brachytherapy afterloader and C-arm 

are required. To scale up capacity to meet current clinical need in the least expensive 

fashion, an afterloader and C-arm are needed, as are 4 radiation oncologists, 3 medical 

physicists, 5 radiation therapists, and increasing the Co-60 workday from 8 to 14 hours. 

If BMC installed teletherapy equipment in every bunker, 1,900 patients could be treated 
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a year. This would require 11 ROs, 6 MPs, 16 RTTs, 3 dosimetrists, 2 nurses, 0.3 

information technologists, 0.5 mechanical engineers, and 1.4 electrical engineers. 

Conclusions: Data quality metrics of the BCR indicate it is of sufficient quality for local 

planning. This first comprehensive report of the BCR shows a cancer diagnosis pattern 

typical of many hospital registries in low-income countries. For RT services planning. 

application of the CCORE-EBEST and TD-ADC models to a hospital-based cancer 

registry is feasible with minor modifications. The high RT utilization rate at BMC 

supports the clinical value of RT; however, current capacity at BMC is not sufficient to 

meet the clinical need. Scaling up RT services requires a combination of equipment and 

staffing to maximize efficiency and clinical outcomes. 
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1. Introduction  

1.1 The scope of the cancer burden in low- and middle-income 
countries 

In 2012, 14.1 million cases of cancer were reported worldwide, and this number 

is projected to rise to 24.6 million by 2030.1 8.2 million cancer deaths were also recorded 

in 2012, and this figure will rise to 13.0 million in 2030, with most deaths occurring in 

low- and middle-income countries (LMICs).1 The reasons for the increasing cancer 

burden in LMICs are complex and multifactorial, but decreasing infant mortality, more 

effective treatment of communicable diseases, changes in reproductive patterns, tobacco 

consumption, environmental factors, and rising obesity rates play a role.2,3  

The cancer burden is especially pronounced in Africa. Nearly three quarters of 

cases and deaths occur in sub-Saharan African countries.4 A cancer diagnosis in sub-

Saharan Africa presents a particularly unique set of challenges, including human 

resource limitations, competing health investment priorities, lack of health literacy 

surrounding cancer, and incomplete coverage of cancer screening programs, among 

others.5 

1.2 The Lake Zone of Northwestern Tanzania 

The United Republic of Tanzania is a low-income country of approximately 49 

million people in eastern sub-Saharan Africa and an estimated 46% of Tanzanians live 

below the poverty line of $1.90 per day.6–8 Bugando Medical Centre (BMC) is a tertiary 
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care referral hospital in Mwanza, Tanzania, the largest city in the Lake Zone of 

northwestern Tanzania.  

 

Figure 1: Map of Tanzania highlighting the six regions comprising the Lake 

Zone (dark blue). 

Comprised of six regions, the Lake Zone has a population of approximately 11.8 

million people.9 BMC is the only hospital in the Lake Zone with fellowship-trained 

oncologists for adult oncology, pediatric hematology/oncology and radiation oncology.  
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1.3 Cancer Diagnoses and Mortality in Tanzania  

There is no national cancer registry in Tanzania, so the population-based cancer 

incidence is unknown. National estimates are extrapolated from regional registries and 

listed in the GLOBOCAN database, maintained by the IARC. For Tanzania, the 2012 

GLOBOCAN estimates are based on data from the Kilimanjaro Christian Medical Centre 

cancer registry (located in Moshi, Tanzania) and cancer registries elsewhere in East 

Africa.10 However, application of cancer registry data obtained from other regions to the 

Lake Zone may not be entirely accurate. Prior analyses of bladder cancer incidence have 

found variations in cancer incidence between regions of Tanzania, suggesting that the 

distribution of other cancers may vary as well.11 In 2012, there were an estimated 33,900 

new cancer cases and 23,600 cancer deaths. The five most frequent cancers by total 

number were cervix, Kaposi sarcoma, prostate, breast, and esophagus.10  

1.4 The Role of Cancer Registries in Cancer Control Planning 
and the Status of Cancer Registries in sub-Saharan Africa 

To date, comprehensive and reliable cancer incidence data in Africa are not 

available. The gold standard for measuring the cancer burden is a population-based 

cancer registry, yet this registry type is largely absent from sub-Saharan Africa.12 Such 

registries require multiple steps for implementation: definition of the geographic area 

and population to be covered, record of official population estimates, access to 

individual medical records and other source documents, and partnering with local 

information sources for reliable information flow.13 Until such registries are 
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implemented, regional and hospital-based cancer registries can play an important role in 

describing the cancer burden in specific geographic areas. Simply having cancer 

registries is insufficient, however. The quality and accuracy of data must be assessed so 

such data can be used to guide policy decision making. 

The Bugando Cancer Registry (BCR) was developed in partnership between 

BMC and Duke University and began in 2015. The BCR is staffed by a single registrar 

individually trained in cancer registry data entry and chart review by the International 

Agency for Research on Cancer (IARC). 

1.5 Current Status of Radiotherapy Capacity in sub-Saharan 
Africa 

Despite the vital role of radiotherapy (RT) in cancer care, there is a worldwide 

shortage of RT capacity.14,15 It is estimated that roughly half of patients would benefit 

from RT for either curative or palliative treatment, yet more than 90% of the population 

in low-income countries lack access.16,17  This lack of access is particularly pronounced in 

Africa, where only 23 of the 52 countries are known to have teletherapy.18  
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Figure 2. External beam radiotherapy machines in Africa in 2010. From Wahab 

et al.18 

Some potential reasons for RT capacity shortcomings are underinvestment of RT 

resources, lack of prioritization amongst global health professionals, and limited 

domestic and international funding.14  

1.6 Radiotherapy Implementation at Bugando Medical Centre 

RT services at BMC were planned to commence in 2014; however, implementing 

RT was delayed by technical and human capacity barriers. The BMC RT department 

began treating patients in August 2017. The BMC RT center contains four vaults with 
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sufficient shielding for megavoltage teletherapy, one vault for orthovoltage therapy, two 

simulator rooms, and one brachytherapy suite suitable for high-dose rate brachytherapy.  

 

Figure 3. First patient treated with radiotherapy at Bugando Medical Centre. 

Current equipment includes a single Bhabhatron-II© cobalt-60 teletherapy unit 

(Panacea Medical Technologies, Bangalore, India) and an IMAGIN© simulator (Panacea 

Medical Technologies, Bangalore, India) capable of fluoroscopy, digital X-ray 

generation, and cone-beam CT image acquisition. Two multi-energy linear accelerators 

have been donated but are currently non-operational. Current staff includes one 

radiation oncologist, one medical physicist, two radiation therapists, and one nurse. 
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2. Methods 

2.1 Bugando Cancer Registry Validation 

In July 2016, we conducted a retrospective chart review to compare BCR data 

entry with BMC paper charts. By using the BCR paper collection forms, we randomly 

sampled 63 cases with a date of diagnosis between April 2015 and March 2016, which 

equated to approximately 7% of incident cases entered into the BCR during that time 

period (4% overall). To validate the registry data, we reviewed and compared the initial 

BCR data collection form and associated medical charts. There are 37 possible 

parameters entered into CanReg5 per medical chart. Although pathology is the most 

common data source, autopsy information, diagnostic imaging, clinical notes, and 

cytology data sources may also have been used as the basis of diagnosis in the BCR. 

Because reports from the departments of pathology were not integrated with the 

primary medical record chart, we separately extracted charts and collected information 

from those departments. Therefore, the collection of complete data for a specific cancer 

registry case might have required data collection from several physical locations in the 

medical center. 

Two independent reviewers not affiliated with the BCR manually reviewed and 

compared the BCR data collection form with patient paper-based medical record charts 

and associated documents (e.g., pathology reports). The reviewers have expertise in the 

field of medicine and public health with prior experience performing medical chart 
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audits. By using electronic spreadsheets, the reviewers abstracted the following patient 

demographic characteristics: name, age, sex, occupation, tribe, and geographic district of 

residence. Reviewers also abstracted the following information specific to patient’s 

diseases: cancer site, stage at diagnosis, diagnosis date, morphology, laboratory 

accession number (used for tracking purposes), vital status, and date of death. 

Reviewers also abstracted treatment received: surgery, chemotherapy/hormone therapy, 

and radiotherapy. Where information was ambiguous, the reviewers discussed the case 

with the senior researcher and reached consensus before recording it to ensure 

uniformity. 

Data quality was evaluated by assessing completeness (defined as percentage of 

variables completed within a registry case) and accuracy (defined as internal consistency 

within a registry record and alignment with the patient’s medical record). During this 

review process, particular emphasis was placed on variables critical for clinical care 

decision making and proper cancer epidemiology reporting, such as primary cancer site; 

morphology; and, when possible, stage of disease. Data collection, management, and 

analysis were conducted in Microsoft Excel 2016 (Microsoft Corporation, Redmond, 

WA) and Stata 15 (StataCorp, College Station, TX) software. 

2.1.1. Ethical Considerations 

The study was approved by the Catholic University of Health and Allied 

Sciences/BMC Research Ethical Committee (Mwanza, Tanzania) and the National 
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Institute for Medical Research—Lake Zone Medical Research Coordinating Committee 

(Mwanza, Tanzania). The study qualified for exemption (per 45CFR46.101(b)) by the 

Duke University Institutional Review Board (Durham, NC). 

2.2 Bugando Cancer Registry Assessment 

The BCR is staffed by a single registrar individually trained in cancer registry 

data entry and chart review by the International Agency for Research on Cancer (IARC). 

Data collected included demographics (age, sex, occupation, location of residence), 

primary tumor site (using ICD10 coding), histopathology (when available), clinical 

symptoms at presentation, diagnostic modality (laboratory, radiology, histology), 

clinical and/or pathologic staging (when available), HIV status, treatment received, last 

recorded vital status, and date of last contact. Potential treatment options were surgery, 

chemotherapy, radiotherapy, and/or hormonal therapy. A total of 37 parameters are 

collected from the medical chart, although not all parameters are present in every chart. 

Data are abstracted from the patient chart at time of initial consultation into CanReg5 

(available open source at http://www.iacr.com.fr).19 CanReg5 includes checks for 

consistency and validity, and permits search for potential duplicate registration. The 

BCR has undergone an internal reabstracting audit and found to be a highly complete 

and accurate cancer registry.20     

Cancer primary site / morphology were categorized by age group (adult if 18 

years or older, or pediatric if age <18 years). For adult cases, cancer types were classified 
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by the GLOBOCAN classification.6 GLOBOCAN estimates of cancer incidence and 

mortality for 2012 were collected from the IARC’s Cancer Today Fact Sheet.10  

The Lake Zone of northwestern Tanzania is comprised of the Shinyanga, 

Mwanza, Mara, Geita, Simiyu, and Kagera regions.9 Regional population data for sex 

and 5-year age group was calculated using the 2012 Tanzanian Population and Housing 

Census Regional Profiles.9 The GLOBOCAN estimates are national, so the cancer 

incidence estimates were scaled to the Lake Zone using the 2012 National Bureau of 

Statistics census data.9 Survival was not modelled as survival data collection in the BCR 

was lacking for most cases. Because over half of the cases in the BCR were logged in 

2016, the 2012 GLOBOCAN scaled estimates were increased by 2.7% per prior 

intercensal growth rate estimates to enable comparison of BCR cases recorded in 2016 to 

the expected number of cancer cases in the Lake Zone for 2016.9 

2.2.1 Statistical Analysis 

Descriptive statistical analysis was performed to determine the distribution of 

diagnoses and treatment by sex, age, and year of diagnosis. One-sample tests of 

proportion were used to compare cancer cases logged in the BCR in 2016 to the 

GLOBOCAN estimates, though cancer types with fewer than 10 cases in the BCR were 

not compared due to concerns regarding statistical validity given the few number of 

events. Statistical analyses were performed with Excel 2017 (Microsoft, Redmond, WA) 

and STATA v15.1 (StataCorp, College Station, TX).  
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2.3 Radiotherapy Services Planning 

Although RT is now operational at BMC, an accurate estimate of RT demand is 

needed. Using individual patient data from the BCR, the purpose of this analysis was to 

measure RT capacity, estimate the RT need for the Lake Zone, and project operational 

and investment costs to scale-up RT services to meet clinical needs. 

2.3.1 Radiotherapy Utilization 

To estimate annual RT utilization needs for BMC, all cancer cases seen in the 

2016 calendar year were analyzed. The number of radiotherapy indications for external 

beam radiotherapy was calculated using the latest version of the Collaboration for 

Cancer Outcomes Research and Evaluation’s evidence-based estimation method 

(CCORE-EBEST) with one modification.16,21,22 Given the high rate of Kaposi sarcoma 

recorded in the BCR, a literature review was performed to estimate radiotherapy 

utilization for this disease. An estimated 30% of patients would receive a single fraction 

of radiotherapy and Kaposi sarcoma cases were removed from the “other” cancer 

category described in the CCORE-EBEST model.23,24 Retreatment was not considered, 

primarily because it has been previously described to have a small impact on the 

results.25 Non-melanoma skin cancer cases were excluded. Univariate comparison of 

primary tumor sites between the BCR and the CCORE-EBEST model was performed 

using the one-sample test of proportions. 
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Brachytherapy is not yet operational at BMC but was included to estimate the 

resources needed for implementation. Brachytherapy was assumed to be essential for 

the treatment of cervical cancer only and delivered in three fractions. In line with prior 

analyses estimating brachytherapy usage by income level designation, the proportion of 

cervical cancer cases at BMC requiring brachytherapy was assumed to be 75%.26 The 

average number of fractions for all cancer types was used to calculate equipment and 

staffing needs. 

2.3.2 Radiotherapy Infrastructure and Costs 

The time-driven activity-based costing (TD-ABC) approach, used by the Global 

Task Force on Radiotherapy for Cancer Control (GTFRCC) and based on prior 

International Atomic Energy Agency (IAEA) costing and staffing models, was used to 

compute current capacity and the capacity for scale-up.14 Consistent with local labor 

conditions, the BMC RT department currently operates 8 hours per day, 5 days per 

week, for 50 weeks per year. As was done by the GTFRCC, all equipment-related quality 

assurance and preventive maintenance activities were assumed to take place outside of 

clinical hours.14 Staffing levels were assumed to be adequate for handling the equipment 

for both simulation and treatment delivery, using the same approach as that of the 

GTFRCC. Costs included salaries, equipment, and construction costs, including 

maintenance and amortization. Local salary data were obtained from personal 

communication with BMC leadership. Due to a paucity of data on training costs at the 
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GTFRCC, training costs were included in the difference of salaries between residents 

and trained radiation oncologists.  

2.3.3 Radiotherapy Capacity and Potential for Scale-up 

Three scenarios were modeled for RT capacity at BMC. The first scenario 

measured the capacity required to treat 500 patients per year, a figure deemed as a 

reasonable minimum number of patients for a RT department in a low-income country. 

The second scenario calculated the most inexpensive combination of operational and 

investment costs to scale up to meet 100% of the current clinical need. Finally, the third 

“aspirational” scenario projected the clinical need that could be met if physical capacity 

at BMC was utilized to its full treatment capacity: four megavoltage teletherapy units 

(two cobalt-60 teletherapy, two multi-energy linear accelerators), one orthovoltage 

therapy unit, one high-dose rate afterloader with C-arm, one fluoroscopic simulator, and 

one CT simulator. Full-time equivalents (FTEs) were calculated using the TD-ADC for 

each staff type: radiation oncologist (RO), medical physicist (MP), radiation therapist 

(RTT), dosimetrist (DO), nurse (NU), information technology (IT) support, mechanical 

engineer (ME), and electrical engineer (EE). Univariate comparison of primary tumor 

sites between the BCR and the CCORE-EBEST model was performed using the one-

sample test of proportions.
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3. Results 

3.1 Bugando Cancer Registry Validation 

The BCR contains information on over 2,700 unique patients with cancer from 23 

ethnic groups and nine regions.   

Table 1: Patient and tumor characteristics of selected cases for validation of the 

Bugando Cancer Registry. 

Characteristic No. Patients (%) 

Sex 

Male 

Female 

 

30 (48) 

33 (52) 

Region of Residence 

Mwanza 

Mara 

Other 

Unknown 

 

17 (27) 

12 (19) 

25 (40) 

9 (14) 

Primary Tumor Site 

Cervix 

Liver 

Skin 

Breast 

Prostate 

Colorectal 

Other 

 

9 (14) 

7 (11) 

7 (11) 

5 (8) 

5 (8) 

5 (8) 

25 (40) 

Year of Diagnosis 

2015 

2016 

 

52 (83) 

11 (17) 
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3.1.1 Bugando Cancer Registry Completeness and Accuracy 

We located primary medical record charts for all sampled patients (n=63). The 

majority of patients (65%, n=41) had a diagnosis based on pathology or cytology. Seven 

(11%) patients were diagnosed based on clinical examination and 15 (24%) patients were 

diagnosed using clinical investigations (e.g., serum tumor markers, diagnostic imaging). 

All 63 patients (100%) had a complete date of diagnosis in the BCR. For all sampled BCR 

records, cancer site and morphology was complete, though the rates of completeness 

varied between parameters. Overall completeness rate was 97%. 

Among the sampled BCR records, the most common cancer sites were cervix 

(n=9), liver (n=7), skin (n=7), breast (n=5), and prostate (n=5). By comparing the medical 

record and BCR collection form, cancer site was concordant for 74% of cases. For 

patients with a pathologic or cytologic diagnosis, morphology concordance was 70%. 

The range of concordance by patient/tumor parameter ranged from 18% to 100%, with a 

median of 79% and a mode of 100%. No duplicate records were identified during the 

review.  

Table 2: Completeness and accuracy of the sampled medical records of the 

Bugando Cancer Registry. 

Registry Variable Completeness (%) Concordance (%) 

Age at diagnosis 100 87 

Date of diagnosis 100 77 

Basis of diagnosis 100 77 
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Date of last contact 100 17 

Primary tumor site 100 74 

Morphology 100 70 

Stage 59 60 

Surgery received 100 80 

Radiotherapy received 100 79 

Chemotherapy received 100 84 

Date of death 0 n/a 

Overall 97 79 

 

3.2 Bugando Cancer Registry Assessment 

From January 1, 2008 to December 31, 2016, a total of 2,776 patients were seen 

and evaluated at BMC. Four cases (0.1%) of benign hematologic disease were excluded, 

leaving a total of 2,772 unique cases for analysis. Means of diagnosis were histologic or 

cytologic confirmation for 1,923 cases (69%), radiologic investigations for 528 cases 

(19%), clinical diagnosis for 298 cases (11%), serologic tumor markers for 13 cases (0.5%), 

unknown for 7 (0.2%) cases, and death certificate for 3 (0.1%) cases.  

3.2.1 Age and Sex Distribution 

2,286 cases were adult (82.5%) and 486 cases were pediatric (17.5%). The median 

age at diagnosis was 46 years (interquartile range (IQR) 30-60). When categorized by 

pediatric or adult, the median age of diagnosis was 6 years (IQR 3-12) and 50 years (IQR 
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40-63) for pediatric and adult patients, respectively. There were 1,114 males (40%) and 

1,658 females (60%). By age group, there were 261 pediatric males (54%) and 225 

pediatric females (46%), and 853 adult males (37%) and 1,433 adult females (63%). 

3.2.2 Cancer Types by Age Group 

Table 3 describes the primary cancer sites for pediatric patients. The three most 

common pediatric cancer subtypes were non-Burkitt non-Hodgkin lymphoma (n=84, 

17.3%), Burkitt lymphoma (n=80, 16.5%), and Wilms tumor (n=71, 14.6%), together 

comprising 48.3% of pediatric cancer cases. There were three cases (0.6%) of central 

nervous system tumors in the pediatric age group. 
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Table 3: Distribution of pediatric cancers by age-group and gender.  

 Age Group Gender 

Diagnostic Group 0-3y (%) 4-12y (%) 13-18y (%) Total (%) Male (%) Female (%) Total 

    Leukemia 

 AML 

 ALL 

 CML 

        Subtotal 

     Lymphoma 

 Hodgkin 

 Non-Hodgkin 

 Burkitt lymphoma 

        Subtotal 

     Total 

 

1 (0) 

7 (3) 

0 (0) 

8 (3) 

 

2 (0) 

13 (6) 

16 (7) 

31 (13) 

39 (17) 

 

2 (0) 

23 (10) 

3 (1) 

28 (12) 

 

11 (5) 

45 (19) 

55 (24) 

111 (47) 

139 (59) 

 

4 (2) 

4 (2) 

5 (2) 

13 (6) 

 

8 (3) 

26 (11) 

9 (4) 

43 (18) 

56 (24) 

 

7 (3) 

34 (15) 

8 (3) 

49 (21) 

 

21 (9) 

84 (36) 

80 (34) 

185 (79) 

234 (100) 

 

7 (3) 

21 (9) 

5 (2) 

33 (14) 

 

14 (6) 

49 (21) 

40 (17) 

103 (44) 

136 (58) 

 

0 (0) 

13 (6) 

3 (1) 

16 (7) 

 

7 (3) 

35 (15) 

40 (17) 

82 (35) 

98 (42) 

 

7 (3) 

34 (15) 

8 (3) 

49 (21) 

 

21 (9) 

84 (36) 

80 (34) 

185 (79) 

234 (100) 

Solid Tumors 

 Wilms tumor 

 Retinoblastoma 

 Primary hepatic 

 Neuroblastoma 

 Soft tissue sarcomas 

 Bone tumors 

 Germ cell tumors 

 Kaposi sarcoma 

 Other  

     Total 

 

40 (16) 

24 (10) 

10 (4) 

2 (1) 

13 (5) 

0 (0) 

6 (2) 

1 (0) 

5 (2) 

101 (40) 

 

30 (12) 

17 (7) 

6 (2) 

5 (2) 

18 (7) 

0 (0) 

5 (2) 

6 (2) 

10 (4) 

97 (38) 

 

1 (0) 

3 (1) 

5 (2) 

1 (0) 

25 (10) 

2 (1) 

2 (1) 

7 (3) 

8 (3) 

54 (21) 

 

71 (28) 

44 (17) 

21 (8) 

8 (3) 

56 (22) 

2 (1) 

13 (5) 

14 (5) 

23 (9) 

252 (100) 

 

32 (13) 

22 (9) 

14 (5) 

7 (3) 

32 (13) 

1 (0) 

2 (1) 

8 (3) 

11 (4) 

129 (51) 

 

39 (15) 

22 (9) 

7 (3) 

1 (0) 

24 (10) 

1 (0) 

11 (4) 

6 (2) 

12 (5) 

123 (49) 

 

71 (28) 

44 (17) 

21 (8) 

8 (3) 

56 (22) 

2 (1) 

13 (5) 

14 (5) 

23 (9) 

252 (100) 
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The three most common adult cancers were cervix (n=520, 22.7%), breast (n=288, 

12.6%), and prostate (n=195, 8.5%). By gender, the three most common female cancers 

were cervix (n=520, 36.3%), breast (n=262, 18.3%), and other cancers (n=107, 7.5%), and 

the three most common male cancers were prostate (n=195, 22.9%), Kaposi sarcoma 

(n=129, 15.1%), and others (n=91, 10.7%). 
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Table 4. Distribution of adult cancer types according to gender. 

Cancer Type Male (%) Female (%) Total (%) 

Lip, oral cavity 0 (0) 3 (0) 3 (0) 

Nasopharynx 10 (0) 8 (0) 18 (1) 

Other pharynx 7 (0) 13 (1) 20 (1) 

Esophagus 40 (2) 50 (2) 90 (4) 

Stomach 9 (0) 7 (0) 16 (1) 

Colorectum 30 (1) 35 (2) 65 (3) 

Liver 76 (3) 42 (2) 118 (5) 

Gallbladder 2 (0) 1 (0) 3 (0) 

Pancreas 7 (0) 1 (0) 8 (0) 

Larynx 5 (0) 0 (0) 5 (0) 

Lung 10 (0) 2 (0) 12 (1) 

Melanoma of skin 18 (1) 24 (1) 42 (2) 

Kaposi sarcoma 129 (6) 55 (2) 184 (8) 

Breast 26 (1) 262 (11) 288 (13) 

Cervix Uteri 0 (0) 520 (23) 520 (23) 

Corpus Uteri 0 (0) 54 (2) 54 (2) 

Ovary 0 (0) 43 (2) 43 (2) 

Prostate 195 (9) 0 (0) 195 (9) 

Testis 1 (0) 0 (0) 1 (0) 

Kidney 5 (0) 15 (1) 20 (1) 

Bladder 35 (2) 54 (2) 89 (4) 

Brain, nervous system 3 (0) 3 (0) 6 (0) 

Thyroid 1 (0) 10 (0) 11 (0) 

Hodgkin lymphoma 21 (1) 9 (0) 30 (1) 

Non-Hodgkin lymphoma 52 (2) 31 (1) 83 (4) 
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Multiple myeloma 4 (0) 4 (0) 8 (0) 

Leukemia 26 (1) 26 (1) 52 (2) 

Non-melanoma skin 50 (2) 54 (2) 104 (5) 

Others 91 (4) 107 (5) 198 (9) 

Total 853 (37) 1433 (63) 2286 (100) 

 

3.2.3 Cancer Rates for the Lake Zone Region 

An analysis of the cancer diagnosis by place of residence revealed that 2,522 

(91.0%) BCR cases lived in the Lake Zone. 1,509 (54.4%) cases from the Mwanza region. 

The other five regions within the Lake Zone had roughly similar number of cancer cases 

in the BCR, with cases ranging from 157 (Geita) to 346 (Mara). 250 cases came from 

outside the Lake Zone, with the two most common non-Lake Zone regions being 

Kigoma (n=74) and Tabora (n=125). 

3.2.4 Morphologies of Selected Adult Cancer Sites 

Morphology subtypes for cancer sites of notable incidence (e.g. cervix) and for 

whom morphology is of significant importance (e.g., breast, Hodgkin lymphoma, and 

non-Hodgkin lymphoma) are listed below.  

 

Table 5. Morphology subtypes of adult cases of breast cancer, cervix cancer, 

Hodgkin lymphoma, and non-Hodgkin lymphoma. 

Tumor Site Morphology n % 

Breast  



 

22 

 Infiltrating ductal carcinoma 117 40.6 

 Intraductal papillary adenocarcinoma 13 4.5 

 Lobular carcinoma 6 2.1 

 Paget disease and intraductal carcinoma 70 24.3 

 Fibrosarcoma 18 6.2 

 Other 64 22.2 

Cervix  

 Squamous cell carcinoma 439 84.4 

 Adenocarcinoma 44 8.5 

 Other 37 7.1 

Hodgkin Lymphoma  

 Hodgkin lymphoma NOS 25 83.3 

 Mixed cellularity 2 6.7 

 Nodular sclerosing 2 6.7 

 Other 1 3.3 

Non-Hodgkin Lymphoma  

 Malignant lymphoma NOS 67 80.7 

 Diffuse large B-cell lymphoma 3 3.6 

 Lymphoplasmacytic lymphoma 3 3.6 

 Mycosis fungoides 3 3.6 

 Burkitt lymphoma 2 2.4 

 Mantle cell lymphoma 2 2.4 

 Mediastinal large B-cell lymphoma 1 1.2 
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 Other 2 2.4 

 

In addition, of the 90 cases of esophageal cancer, 64 (71.1%) were squamous cell 

carcinoma, 18 (20.0%) were adenocarcinoma, and eight (8.9%) were carcinoma NOS. The 

most common morphologic subtype of bladder cancer was squamous cell carcinoma 

(n=55, 61.8%), followed by carcinoma NOS (n=7, 7.9%) and adenocarcinoma (n=7, 7.9%). 

114 (96.6%) of adult liver cancers were hepatocellular carcinoma. 

3.2.5 Cancer Diagnosis and the Human Immunodeficiency Virus 

There were 968 potentially AIDS-defining malignancies (cervical cancer, Kaposi 

sarcoma, non-Hodgkin lymphoma) recorded in the BCR, representing 34.9% of all cases. 

Of those, 198 (20.4%) were Kaposi sarcoma, 247 (25.5%) were non-Hodgkin lymphoma, 

and 523 (54.0%) were cervical cancer. For patients diagnosed with a potentially AIDS-

defining malignancy, 157 (16.2%) were HIV-positive, 26 (2.7%) were HIV-negative, and 

785 (81.1%) had unknown HIV status. The percentages of known HIV status (positive or 

negative) for Kaposi sarcoma, cervical cancer, and non-Hodgkin lymphoma cases were 

65.7%, 4.2%, and 12.6%, respectively.  

For the 210 cancer cases in HIV-positive patients, 157 cancers (74.8%) were AIDS-

defining malignancies and 53 (25.2%) were not AIDS-defining. One hundred and twenty 

cases (76.4%) were Kaposi sarcoma, 19 (12.1%) were cervical cancer, and 18 (11.5%) were 

non-Hodgkin lymphoma.  The most common non-AIDS-defining malignancies were 
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other cancers (n=16, 30.2%), liver (n=10, 18.9%), and non-melanoma skin cancers (n=6, 

11.3%).   

3.2.6 Cancer Treatment Utilization and Outcomes 

1,494 cases (53.9%) received at least one treatment - surgery, chemotherapy, 

radiation, or hormone therapy - while 1,278 cases (46.1%) had no treatment recorded.  



 

25 

Table 6. Treatment received by selected primary cancer sites comprising >5% 

and for all cases. 

Cancer type Surgery Chemotherapy Hormone 

Therapy 

Radiotherapy 

 Yes (%) No 

(%) 

Yes 

(%) 

No (%) Yes 

(%) 

No (%) Yes 

(%) 

No 

(%) 

Liver 7 (5) 133 

(95) 

100 

(71) 

40 (29) 1 (1) 139 (99) 1 (1) 139 

(99) 

Kaposi sarcoma 7 (4) 191 

(96) 

137 

(69) 

61 (31) 3 (2) 195 (98) 3 (2) 195 

(98) 

Breast 146 (51) 143 

(49) 

135 

(47) 

154 (53) 0 (0) 289 

(100) 

0 (0) 289 

(100) 

Cervix Uteri 44 (8) 479 

(92) 

63 

(12) 

460 (88) 0 (0) 523 

(100) 

9 (2) 514 

(98) 

Prostate 43 (22) 152 

(78) 

43 

(22) 

152 (78) 0 (0) 195 

(100) 

1 (0) 194 

(100) 

Non-melanoma 

skin 

49 (39) 76 

(61) 

42 

(34) 

83 (66) 1 (1) 124 (99) 1 (1) 124 

(99) 

Others 84 (27) 226 

(73) 

133 

(43) 

177 (57) 0 (0) 310 

(100) 

1 (0) 309 

(100) 

Total 624 (23) 2,148 

(77) 

1,177 

(42) 

1,595 

(58) 

7 (0) 2,765 

(100) 

19 (1) 2,753 

(99) 

 

3.2.7 Comparison to GLOBOCAN Estimates 

Based on 2012 GLOBOCAN estimates, there were 8,924 expected cancer cases in 

2012. After adjustment for population growth from 2012 to 2016, a total of 9,165 cancer 

cases were expected for 2016. Table 7 summarizes the number of cases in the BCR 2016 
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compared to the expected number of cases based on scaled GLOBOCAN estimates for 

the Lake Zone, with 95% confidence intervals and p-values calculated for those cancer 

types with 10 or greater cases in the BCR. 

Table 7. Reported cancer cases in the Bugando Cancer Registry in 2016 and 

expected number of cases based on scaled population estimates from GLOBOCAN. 

Cancer Type No. cases, 

BCR 2016 

No. cases, 

GLOBOCAN, 

2016 

BCR % of 

GLOBOCAN 

estimate (95% CI)* 

p* 

Lip, oral cavity 2 373 0.5 n/a 

Nasopharynx 8 144 5.6 n/a 

Other pharynx 14 76 18.4 (9.7, 27.1) <0.001 

Esophagus 39 588 6.6 (4.6, 8.6) <0.001 

Stomach 5 203 2.5 n/a 

Colorectum 23 335 6.9 (4.2, 9.6) <0.001 

Liver 47 161 29.2 (22.2, 36.2) <0.001 

Gallbladder 1 4 25.0 n/a 

Pancreas 2 13 15.4 n/a 

Larynx 3 150 2.0 n/a 

Lung 6 45 13.3 n/a 

Melanoma of skin 17 99 17.2 (9.8, 24.6) <0.001 

Kaposi sarcoma 67 1424 4.7 (3.6, 5.8) <0.001 

Breast 91 739 12.3 (9.9, 14.7) <0.001 

Cervix Uteri 319 1976 16.1 (14.5, 17.7) <0.001 

Corpus Uteri 44 49 89.8 (81.3, 98.3) <0.001 
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Ovary 18 74 24.3 (14.5, 34.1) <0.001 

Prostate 108 929 11.6 (9.5, 13.7) <0.001 

Testis 1 0 n/a n/a 

Kidney 19 29 65.5 (48.2, 82.8) <0.001 

Bladder 35 218 16.1 (11.2, 21.0) <0.001 

Brain, nervous system 2 30 6.7 n/a 

Thyroid 4 48 8.3 n/a 

Hodgkin lymphoma 16 41 39.0 (24.1, 53.9) <0.001 

Non-Hodgkin lymphoma 70 168 41.7 (34.2, 49.2) <0.001 

Multiple myeloma 2 6 33.3 n/a 

Leukemia 19 123 15.4 (9.0, 21.8) <0.001 

All cancers excl. NMSC 1,116 9,165 12.2 (11.5, 12.9) <0.001 

 

3.3 Radiotherapy Services Planning 

3.3.1 Cancer Diagnoses and Radiotherapy Utilization 

In 2016, 1,088 unique cancer cases were logged in the BCR and formed the basis 

for analysis. Primary site with corresponding RT utilization percentages are listed in 

Table 8. The “other” cancer category included soft tissue sarcoma (n=25) and other rare 

malignancies (n=15). Twenty-eight cases included in the BCR assessment portion were 

excluded from the RT planning portion due to concerns about data validity for RT 

planning due to several missing variables in those data entries. 
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Table 8: Primary cancer type with associated radiotherapy utilization and 

number of fractions using the modified CCORE-EBEST model. 

Cancer Type No. cases 

(%) 

RT Utilization, 

 % 

No. RT 

courses 

RT fractions 

per course 

No. RT 

fractions 

Cervix 334 (30.7) 71 237 21.1 5,004 

Prostate 114 (10.5) 58 66 28.1 1,858 

Breast 102 (9.4) 87 89 16.4 1,455 

Kaposi sarcoma 69 (6.3) 30 21 1.0 21 

Head and neck 60 (5.5) 74 44 27 1,199 

Lymphoma 50 (4.6) 73 37 14.2 518 

Uterus 46 (4.2) 32 15 22.2 327 

Liver 45 (4.1) 0 0 0 0 

Oesophagus 42 (3.9) 71 30 14.1 420 

Others 40 (3.7) 19 8 18.4 140 

Bladder 38 (3.5) 47 18 10.4 186 

Unknown primary 25 (2.3) 61 15 1.5 23 

Melanoma 17 (1.6) 21 4 18.6 66 

Ovary 17 (1.6) 4 1 7.5 5 

Leukemia 16 (1.5) 4 1 7.5 5 

Rectum 15 (1.4) 60 9 24 216 

Colon 10 (0.9) 4 0 2.5 1 

Vulva 9 (0.8) 39 4 24.1 85 

Kidney 6 (0.6) 15 1 2 2 

Lung 6 (0.6) 78 5 15.5 73 
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Thyroid 6 (0.6) 4 0 12.5 3 

Vagina 6 (0.6) 94 6 22 124 

Stomach 5 (0.5) 27 1 18.5 25 

Myeloma 3 (0.3) 45 1 3.6 5 

Brain 2 (0.2) 80 2 29.1 47 

Gallbladder 2 (0.2) 17 0 24.1 8 

Pancreas 2 (0.2) 49 1 21 21 

Testis 1 (0.1) 15 0 14.7 2 

Total 1,088 

(100.0) 

56.4 614 19.3 11,837 

 

Using the modified CCORE-EBEST model, 56.4% of cancer cases in 2016 would 

have received RT, a significantly higher proportion than the latest version of the original 

CCORE-EBEST model using notifiable cancers from Australia (56.4% v. 48.4%, 

p<0.0001). Primary tumor sites differed significantly between the BCR and the original 

CCORE-EBEST model, with higher percentages of cervix cancer (29.5% v. 1.0%, p<0.001) 

and with fewer cases of breast cancer (9% v. 12.2%, p<0.001) and prostate cancer (10.1% 

v. 18.4%, p<0.001). The average number of fractions per course was 19.3. 

3.3.2 Radiotherapy Capacity and Clinical Need 

Currently, BMC has insufficient equipment and staff capacity to treat 500 

patients per year. To treat 500 patients per year, BMC has sufficient teletherapy capacity 

with a single Co-60 teletherapy unit operating 12 hours per day, but a brachytherapy 
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afterloader and C-arm are required. See Table 9 for a list of the required equipment and 

staff for each clinical scenario. Using the TD-ADC model, the amount in 2012 US dollars 

per patient is $1,558 if 500 patients are treated per year, $1,319 per patient if 614 patients 

are treated per year, and $1,305 if 1,900 patients are treated per year. 
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Table 9: Equipment and staff resources required to treat 500 patients per year, 

614 patients per year, and 1,900 patients per year.  

 Resources Required 

 500 patients 

per year 

614 patients 

per year 

1,900 patients 

per year 

Equipment 

Co-60 teletherapy, n (hours/day) 1 (12) 1 (14) 2 (8) 

Linear accelerators, n (hours/day) 0 0 2 (12) 

Orthovoltage, n (hours/day) 0 0 1 (3) 

Fluoroscopic simulator, n (hours/day) 1 (2) 1 (2) 1 (2) 

CT simulator, n (hours/day) 0 0 1 (5) 

HDR afterloader, n (hours/day) 1 (4) 1 (4) 1 (10) 

3D TPS, n (hours/day) 0 0 1 (14) 

Record & Verify system, n (hours/day) 1 (12) 1 (14) 1 (12) 

Staff 

Radiation oncologist, n (hours/day) 3 (8) 4 (8) 11 (8) 

Medical physicist, n (hours/day) 2 (8) 3 (8) 6 (8) 

Radiation therapist, n (hours/day) 4 (8) 5 (8) 16 (8) 

Dosimetrist, n (hours/day) 1 (8) 1(8) 3 (8) 

Nurse, n (hours/day) 1 (8) 1 (8) 2 (8) 

Information technology, n (hours/day) 0.26 (8) 0.26 (8) 0.32 (8) 

Mechanical engineer, n (hours/day) 0.16 (8) 0.16 (8) 0.48 (8) 

Electrical engineer, n (hours/day) 0.41 (8) 0.41 (8) 1.39 (8) 
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4. Conclusions 

4.1 Bugando Cancer Registry Validation 

We found that the BCR was largely a pathology-based cancer registry with a 

moderately high level of completeness and accuracy for key patient and tumor 

characteristics, rendering the BCR a dataset of important quality to measure the cancer 

burden of the Lake Zone of northwestern Tanzania.  

In a low-income country like Tanzania, the necessary infrastructure for optimal 

cancer registries is often lacking.8,27 Pathology services are of critical importance for 

accurate cancer registries, but they are often inaccessible in developing countries. In 

Tanzania, only 22 pathologists serve a population of 49 million.28 At BMC, visiting 

pathologists will come for short stays to supplement the BMC pathology staff and 

address the case backlog. The lack of cancer data may delay governmental funding or 

development of cancer control plans and thus perpetuate the problem.27 Despite these 

resource limitations, there are examples of successful cancer registries in Africa.29 

Specifically in Tanzania, for example, there has been an ongoing effort to establish a 

hospital-based cancer registry in the Kilimanjaro region.30–32  

In comparison to a prior analysis of the Kilimanjaro Cancer Registry performed 

by investigators from our institution, the concordance for primary site and morphology 

was somewhat lower for the BCR.32 This could be because the registrars at Kilimanjaro 

are trained nurses and have more medical background than the BCR cancer registrar. 
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Intensive efforts have been made at BCR to educate the registrar on the subtle nuances 

of medical chart review to increase accuracy and completeness. Also, Kilimanjaro 

Christian Medical Center acts as the central pathology department for the region, while 

pathology evaluation in the Lake Zone is less centralized and more patients are referred 

to Bugando without a pathologic diagnosis. Finally, the Kilimanjaro cancer registry has 

been active longer than the BCR (Kilimanjaro began data collection in August 2013). 

With greater experience, hopefully concordance in the BCR will improve. With 

validation studies now completed at both the Kilimanjaro cancer registry and the BCR, 

linking the two registries will provide important data for cancer control services 

planning for Tanzania. The registry linking project is in development and will hopefully 

be completed in the near future. 

The BCR concordance rates notably varied between variables, with rather low 

concordance rates for date of last contact and stage. Low concordance for date of last 

contact could be simply because of the time lag between registry entry and registry 

review - patients could have been seen in follow up after registry entry. Comprehensive 

TNM and group staging at BMC is sparse and unfamiliar to the BCR cancer registrar. As 

staging becomes more comprehensive and the BCR registrar becomes more familiar 

with staging conventions, this concordance will hopefully increase in the future. This 

analysis will hopefully spur greater interest to include staging information for all new 
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cancer diagnoses. Still, concordance rates were generally high for key patient and tumor 

parameters that guide clinical decision making.  

Our validation project suggests that the BCR adheres to standardized data 

definitions and that collected data are generally concordant with medical records charts. 

One important limitation of our analysis is that we reviewed BCR quality and did not 

assess how well the BCR is performing within its catchment area. The most recent 

census data for the Lake Zone (defined as the Mwanza, Mara, Kagera, Simiyu, Geita, 

and Shinyanga regions) calculated a 2012 population of approximately 11.8 million.9 

Historically, BMC is the only hospital that has treated cancer in the Lake Zone and the 

BCR is the only active cancer registry in the Lake Zone. The BCR should be the most 

reliable source of cancer incidence data for the area. As the BCR expands to collect data 

at more community-based hospitals in the region, validation of how well the BCR 

performs regarding complete case ascertainment will be another important measure of 

data quality.  

Several sub-Saharan African cancer registries have performed quality assurance 

audits, including Nigeria, the Gambia, and Uganda.33–35 The Nigerian study mainly 

focused on pediatric cancers and measured completeness, comparability, and diagnostic 

validity.35 al-Haddad et al. found that the Nigerian registration process was generally 

consistent across facilities and adhered to international standards, but incompleteness 

was a problem. For the nation-wide cancer registry in the Gambia, its assessment 
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showed that records were morphologically verified for 18% and 33% of cancers among 

men and women, respectively, with completeness at approximately 50%.33 In the 

Kampala cancer registry, completeness was much higher at nearly 90%.34 The BCR’s 

completeness rate of 97% is notable in this regard. 

Even when registry data are collected at the hospital level, if they are of quality, 

they may be important for local planning. The gold standard for cancer registries 

remains the population-based cancer registry, which can facilitate cancer services 

planning for a nation or defined region. If other hospitals in the Lake Zone develop 

cancer registries with similar data standards, linking these registries would be an 

important intermediate step towards a better understanding of the cancer burden in the 

Lake Zone. In summary, the evaluation of registry quality, whether hospital based or 

population based, is an important starting point for data integrity and is a prerequisite 

for data to be used to guide cancer control planning and health policy decisions.  

4.2 Cancer Diagnoses and Treatment Utilization at Bugando 
Medical Center 

These initial cancer diagnosis pattern and treatment utilization data from the 

BCR reveal notable epidemiologic and treatment patterns that will inform clinical 

practice and scholarly activities at BMC. In addition, the BCR will be an important 

resource for cancer control planning for the Lake Zone and potentially for Tanzania as a 

nation.  
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BMC is the largest referral center in northern Tanzania, servicing the Lake Zone 

with a population of roughly 15 million in 2015.9 Unfortunately, little is known about the 

true cancer incidence in Tanzania, a common scenario in low-income countries of sub-

Saharan Africa. As of 2006, only 11% of the population in sub-Saharan Africa was 

covered by a population-based cancer registry, and only 1% of the population was 

covered by a high-quality registry.36,37  

Extrapolating the data from the current study to the available population data for 

the Lake Zone, the cancer incidence rate was 6.5 per million for ages 0-14 and 5.8 per 

million for ages 0-19. Clearly, the annual number of cases recorded in the BCR are 

implausibly low and are unlikely to approximate a true representation of incidence. 

There are many possible explanations for why the proportion of cases in the BCR falls so 

far short of the expected number derived from GLOBOCAN population estimates. First, 

in order to compare BCR incidence to GLOBOCAN estimates, the GLOBOCAN 

estimates were scaled to the Lake Zone population using population estimates for 

Tanzania as a whole. For Tanzania, GLOBOCAN incidence rates were calculated as a 

weighted average of the Kilimanjaro cancer registry (2003-2007) and the average of 

multiple cancer registries located in Eastern Africa (Addis Ababa, Ethopia; Eldoret, 

Kenya; Nairobi, Kenya; Blantyre, Malawi; Kyadondo, Uganda; Harare, Zimbabwe; Dar 

es Salaam, Tanzania), so the national estimates for Tanzania are extrapolated from 

mostly large urban centers throughout east Africa. It is possible that subtle differences in 
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cancer epidemiology within Tanzania, such as the higher rate of squamous cell 

carcinoma of the bladder seen in regions closer to schistosomiasis-infested Lake Victoria, 

would not be well characterized by GLOBOCAN.11 The IARC assigns a letter grade for 

the data quality for incidence, ranging from A (high quality national data or regional 

data with >50% coverage) to G (no data). Tanzania incidence estimates receive an “E” 

grade, meaning incidence data are derived from regional rates.38 Still, because 

GLOBOCAN estimates are a common source for cancer control services planning, 

comparing this hospital-based registry to the population estimate for the region is 

informative.  

Expanding current registries in Tanzania to population-based registries is a 

priority of the utmost importance. Without such data, designing a cancer control plan 

will be hampered by incomplete knowledge of the true cancer burden. One notable 

aspect of the BCR is that the BCR includes cases that are diagnosed based on laboratory, 

radiographic or clinical findings, whereas nearly all registries are based in a pathology 

department and based on histologic diagnosis alone.  The BCR combines both the 

pathology department with the cancer center to get a more robust evaluation of not only 

the diagnostic type, but the number of patients as well. While pathologic diagnosis is 

typically highly accurate, this analysis indicates that pathology-based registries may 

miss a significant percentage of cancer diagnoses. 
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Among pediatric cases, we previously estimated a projected 1,089 annual cancer 

incidence in children age 0-19 years in the Lake Zone.39 In this analysis, only 486 total 

cases were identified over an eight year period. This means only 5.6% of expected 

pediatric cancer patients presented to BMC for treatment. While there is a deficit of cases 

across all cancer groups, the lack of CNS tumors and the low rate of leukemia are 

particularly notable. According to SEER data, leukemia and CNS tumors are the most 

common pediatric cancers.40 However, those cancer types represent only 4.3% and 0.6% 

of pediatric cancers in the BCR. These discordant figures are likely due to limited 

diagnostic capacity at local health centers, as the necessary diagnostic tests, such as a 

complete blood count or advanced imaging, are typically unavailable. Malignancies that 

present with visual masses, such as Burkitt lymphoma and Wilms tumor, are easier to 

recognize and are more likely to be referred to a tertiary center like BMC. This is seen in 

reports across sub-Saharan Africa – visible tumors such as Kaposi sarcoma, Burkitt 

lymphoma, retinoblastoma, non-Hodgkin lymphoma, and Wilms tumor typically 

represent the most commonly reported pediatric tumors.41 

Among adult patients, the BCR analysis shows a high percentage of cervical 

cancer, a common pattern found in cancer registries of sub-Saharan Africa. This may be 

due in part to the presence of active screening programs for cervical cancer in the Lake 

Zone, such as Pink Ribbon Red Ribbon. Pink Ribbon Red Ribbon began activities in 

Tanzania and the Lake Zone is a priority region - twice-weekly screening clinics began 
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in 2016 and are held on campus at BMC.42 Other notable findings include the high 

percentage of squamous cell carcinoma of the bladder, most likely due to the presence of 

schistosomiasis in Lake Victoria.11  

Because the BCR is a hospital-based registry and not population-based, a 

thorough understanding of the local healthcare delivery environment is essential to 

place these data in the proper context. BMC is one of three tertiary consultant hospitals 

in Tanzania and the only cancer center in the Lake Zone Region of Tanzania. While BMC 

sees roughly 12% of the expected cancer patients, it is unknown how many are seen in 

local health care facilities. Entry into the health care system is often initiated at the local 

dispensary level or health centers, which is attended by medical assistants and nurses, 

and typically provides preventative services (i.e., vaccines, maternal-child health) with 

limited laboratory or diagnostic testing. There is typically one for every 50,000 people.  

These refer to District Hospitals, then Regional Hospitals, and finally one of the three 

consultant hospitals where diagnostic capacity for cancer exists.   
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In the Mwanza region alone, there are 388 healthcare facilities, of which 301 are 

dispensaries, 53 health clinics, 17 hospitals, and 17 other centers.  Due to this complex 

referral process, many patients never reach BMC and are therefore not included in the 

registry.  By expanding the registry to the regional hospitals where limited diagnostic 

tests are available, the proportion captured could be significantly improved.  

 Consult 

Hospital 

Regional Hospital 

District Hospital 

Health Centre 

Dispensary 

Figure 4: Diagram of healthcare system of the Lake Zone of Tanzania. 
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The impact of HIV on cancer incidence and outcomes in Tanzania is not 

currently known.  HIV seroprevalence among Tanzanians age 15-49 is estimated at 5.1%, 

resulting in approximately 2.2 million HIV-infected persons within the country.  An 

estimated 47% of men and 62% of women in Tanzania age 15-49 have been HIV tested, 

reflecting scale-up of testing efforts.  HIV prevalence in the Shinyanga Region (adjacent 

to the Mwanza Region and within the Bugando catchment area) is 7.2%, third highest in 

Tanzania.  Currently there is no population-based cancer registry in Tanzania, and 

reliable data on AIDS-associated malignancies are not available.  East Africa has the 

highest cervical cancer incidence and mortality in the world, but it is uncertain how 

much is attributable to HIV infection.    In this study, approximately 10% of reported 

cancer cases had a known diagnosis of HIV infection; however, the high incidence of 

cervical cancer, Kaposi sarcoma, and non-Hodgkin lymphoma suggests that HIV may be 

underdiagnosed in this population.   

Unfortunately, staging information is largely lacking in the BCR (77.8% of cases 

had no staging information recorded). While patients are routinely staged at initial 

consultation, such data is not always captured in the patient chart. Clearly, 

comprehensive staging is vitally important for guiding clinical decision making and its 

relevance when reporting outcome data cannot be overstated. Documenting stage is one 

area of improvement for the BCR.  
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Our analysis had several limitations, including those regarding the population 

estimates described above. In addition, the treatment utilization rate of 53.9% may be 

lower than actually occurred due to timing - if patients received treatment after entry 

into the BCR, it’s possible that record may not have been updated with treatment 

information. Based on these data, ascertaining the true treatment utilization pattern at 

BMC is a priority project and is being actively investigated.  

In conclusion, this initial comprehensive report of the BCR contains valuable 

information describing the cancer burden of the Lake Zone Region in Tanzania, the 

interrelationship between cancer and HIV infection, and how the BCR compares to 

scaled population estimates for the Lake Zone. This BCR analysis highlights several 

areas of clinical need, such as comprehensive HIV testing for all potentially AIDS-

defining malignancies and improved pathologic evaluation to better specify 

morphologic subtypes. It also provides important operational findings to improve 

clinical outcomes at BMC. Finally, these data identify several potential areas of further 

research, including expansion of the BCR, measuring the incidence and outcomes of 

cancers in the HIV-positive population of the Lake Zone, and identification of patient-

specific factors associated with treatment utilization, among others. The BCR is a 

valuable resource for cancer control services planning for Tanzania. 
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4.3 Radiotherapy Utilization at Bugando Medical Centre 

Based on a validated set of evidence-based treatment guidelines used in multiple 

world regions, over half of patients seen at BMC would have received RT in 2016 had it 

been available. Current RT capacity at BMC remains woefully short of meeting the 

clinical need, although increasing staffing and working hours can significantly increase 

the number of patients that can be treated with RT with only a moderate increase in 

operating costs. 

The proportion of patients at BMC who would receive RT is higher than many 

recent estimates from high-income countries, including the Australian data used to 

generate the latest version of the CCORE-EBEST model.22 This difference is likely due to 

differences in the type of cancer cases seen between world regions. There is a 

particularly high incidence of cervical cancer in the Lake Zone, a primary tumor site 

with a high rate of RT utilization (71%). Also, the lower proportion of breast and 

prostate cancers at BMC compared to Australia likely reflects the lack of mammography 

and prostate cancer screening in Tanzania.  

To the author’s knowledge, there is only one set of resource-stratified treatment 

guidelines for radiotherapy in resource-limited settings. Suneja et al. recently published 

guidelines for the treatment of locally advanced cervical cancer.43 These were based on 

the American Brachytherapy Society guidelines and modified to account for projected 

resource limitations in LMICs.44,45 The resource-stratified guidelines largely follow the 



 

44 

treatment approach used in high-income countries, recommending external beam 

radiotherapy of 20-25 fractions with concurrent chemotherapy followed by one to five 

fractions of high dose rate brachytherapy. A recent review by Rodin et al. highlighted 

the many obstacles facing RT expansion for optimal treatment of non-small cell lung 

cancer in the minimal resource setting, but specific treatment guidelines using RT for 

lung cancer have not yet been established.46 There is a lack of quality evidence generated 

in LMICs to help define treatment guidelines, so extrapolation from guidelines of high-

income countries is currently necessary. This evidence base will evolve as research 

infrastructure in LMICs improves.47  

Prior analyses of radiotherapy supply and demand have largely been at the 

national or international level. Yap et al. used GLOBOCAN incidence data and RT 

capacity data from the IAEA to estimate RT demand by country.15 For Tanzania, in 2012, 

there were an estimated 5,653 patients per megavoltage machine per year. To close the 

RT gap in Tanzania, an additional 38 megavoltage machines are required. This value 

suggests a greater RT need in Tanzania than this analysis would suggest, which is likely 

due to the difference between population-based estimates and hospital-based registry 

data used for the respective analyses. It is very possible that the hospital-based registry 

used for this analysis underestimates the true cancer burden in the Lake Zone and RT 

needs will be greater as more patients are referred to BMC once RT capacity is more 

widely known. At present, this analysis provides valuable data at the subnational level 
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to supplement more broad-based analyses such as those from the GTFRCC and the 

IAEA.14,18 

This study had several limitations. Caution must be used when extrapolating 

research and treatment paradigms from high income countries to LMICs, and the 

findings of this analysis must be interpreted accordingly. The latest version of the 

CCORE-EBEST model was based on notifiable cancers in Australia. Application of this 

model to the BCR resulted in a high percentage of “other” cancer cases, initially 7.5%. By 

amending the CCORE-EBEST model with specific RT utilization estimates for Kaposi 

sarcoma, the percentage of “other” cancer cases dropped to 3.7%. This approach 

highlights the need to tailor models derived and validated in high-income countries 

when using them in a setting with different local cancer incidence. The TD-ADC model 

uses cost data derived from high-income countries, and the expected cost per patient in 

this analysis appears high. A combination of targeted philanthropy and less costly 

equipment from device manufacturers is clearly needed to help defray these costs. 

To conclude, the CCORE-EBEST and TD-ADC models can be applied with minor 

modifications to hospital-based cancer registries and guide RT planning at a 

departmental level in a low-income country. Radiotherapy has a vital role in the 

treatment of cancer patients in the Lake Zone of northwestern Tanzania, yet current 

capacity remains far short of the clinical need.  
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