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Abstract 

Background: Breast cancer is the most common cancer among women in South Africa. Offering 

comprehensive breast care services requires careful planning; yet, there is limited literature on the 

costs of providing services in low-resource settings. We aimed to estimate the average costs per 

procedure and patient for the diagnosis of breast conditions in South Africa, including the impact of 

shifting to lower-cost imaging options.  

 

Methods: We used a retrospective clinical cohort study conducted at an outpatient clinic in 

Johannesburg in 2013-2014 to establish a hypothetical, 12-month population of clinic patients and 

diagnostic service statistics. We estimated costs via micro-costing from the provider perspective. An 

Excel-based model was used to explore the financial impact of shifts from mammography to 

ultrasound.  

 

Results:  An estimated 3,867 individuals attended the clinic over 12 months. The average cost per 

initial consultation/examination was (USD 2015) $10.14. Mammography cost $59.96 and ultrasound 

$21.11 per patient. Cyto-histological procedures were most costly (stereotactic core needle biopsy 

(CNB) - $330.05, ultrasound-guided CNB - $279.42, fine needle aspiration - $101.00). The average 

cost per patient was $115.96. Hypothetically shifting from mammography to ultrasound only 

marginally lowered average per patient costs due to the high cost of the mammogram machine.  

 

Conclusion:  Holistic, accessible services are important for continuity of care and reducing delay to 

treatment initiation. Some have suggested use of ultrasound for imaging in low-resource settings, but 

our research shows that facility-level cost savings occur only when mammography is completely 

eliminated, suggesting the need for cost-efficient placement and use of technologies.  
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Introduction 

Breast cancer is one of the largest causes of cancer-related deaths in sub-Saharan Africa [1]. 

Structural barriers, such as limited access to services, contribute to poor outcomes [2]. Also, patients 

often present late, and certain treatments, such as surgery or mastectomy, may not be acceptable to 

all patient groups [2,3].  

Breast cancer statistics in sub-Saharan Africa also mask the much larger burden of breast-

related conditions. In developed countries, the ratio of breast cancer diagnoses to women routinely 

screened is roughly five per 100 [4], and 80 percent of masses are found to be due to benign 

conditions [5]. Similar outcomes are seen in developing country settings, such as Nigeria and 

Uganda, where routine screening may be less likely [6]. 

In South Africa, where there is no national-level, routine screening program, breast cancer is 

the most common cancer among women. The age-standardised breast cancer incidence rate among 

women is 31.43 per 100,000 [7]. More than half of all women diagnosed with breast cancer in the 

public sector present with late-stage (i.e. stage 3 or 4) disease [8], and over 3,800 women die from 

breast cancer annually, comprising 15% of all cancer deaths among women [1]. South Africa’s 

breast cancer statistics are likely also a large underestimate of the burden of breast disease in the 

country. A recent, retrospective study at an outpatient clinic in Johannesburg showed that among 363 

men and women who presented with a complaint, cancer was diagnosed in 52 (14.3%), and the 

remaining individuals (approximately 85%) presented with non-malignant problems [9]. The 

outpatient clinic in the study, which allowed clients to present without a referral, provided a 

comprehensive service, ranging from initial physical examinations to cancer surgery and 

reconstructive surgery. For diagnosis, the clinic offered the gold standard, i.e. ‘triple assessment’. 

This comprised clinical examination, imaging (via mammography and/or ultrasound), and cyto-

histological testing [10,11]. This kind of holistic, accessible service is important for continuity of 

care and reducing delay to treatment initiation, which contributes to poor outcomes for cancer 
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patients [12,13], but unfortunately comprehensive, integrated breast care is uncommon in low-

resource settings [14]. Replicating this kind of service in other resource-limited settings – both 

within and outside of South Africa – would require careful consideration of the costs of providing 

care and how to best ensure equitable access.  

There is limited literature on the costs of comprehensive, breast condition diagnosis and 

management. Often the breast-related cost literature focuses on mammograms and the cost-

effectiveness of various screening intervals for asymptomatic women in high resource settings. This 

literature is difficult to apply in low- and middle-income settings, where population-level screening 

programs are less common and where screening with mammography in particular may be 

prohibitively expensive or simply not available [15,16].   

 In this study, we investigated the costs of offering breast care diagnostic services at an 

outpatient clinic in a large, urban, public hospital in Johannesburg, South Africa. We also aimed to 

explore the financial impact of using lower-cost imaging options (i.e. ultrasound instead of 

mammography) to provide guidance for policy makers in low-resource settings where routine 

screening with mammography may be unaffordable.  

 

Materials and Methods 

Service statistics 

We derived service-related data for this economic evaluation from a retrospective file review 

conducted from August 2013 to June 2014 at a large, urban, outpatient clinic operating within a 

public hospital in Johannesburg, South Africa. The file review documented breast-related complaints 

and diagnoses for a sample of people attending the clinic [9]. Ethics approval for the retrospective 

study and this cost evaluation was obtained from the Human Research Ethics Committee at the 

University of the Witwatersrand and the hospital where the outpatient clinic is located. 
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A detailed description of the retrospective file review has been published separately [9]. In 

summary, clinic patients were eligible for selection into the sample for the retrospective study if 

they: attended the clinic for a first visit between 1 April 2011 and 30 June 2012; were age 18 or older 

at the time of their visit; and had a file available for review at the clinic during sampling. Research 

staff used clinic registers to identify and select eligible participants for enrollment. Selection was 

done using a systematic, random sample (i.e. a randomly selected first participant and a set selection 

interval thereafter) until the desired sample of 400 participants was reached.   

For each selected/enrolled patient, the trained study team members used a standardized 

questionnaire to transcribe information from the patients’ files regarding procedures conducted at the 

initial clinic visit and a uniform follow up period of 12 months after the initial visit.  

For this analysis, we extrapolated the proportions of patients who had the various diagnostic 

procedures in the retrospective study to a hypothetical 12-month clinic population. Generally the 

initial consultation (including physical examination) and other diagnostics were performed at the 

first visit, and then the patient had a “follow-up diagnostic visit,” which was where a health care 

worker would assemble the results of all the diagnostic procedures, make a final diagnosis, and 

present the information to the patient. Unfortunately follow-up visits were not routinely recorded in 

the patients’ files. Based on conversations with staff at the facility, who indicated that some patients 

do not return and some have more than one follow-up visit, we have conservatively assumed that all 

patients returned for one follow-up visit.  

 

Costs 

We estimated the costs of diagnosing breast-related conditions, including cancer, at the study 

facility from the health service perspective. Procedures included were the initial medical 

consultation, mammography, ultrasound of the breast, ultrasound-guided core needle biopsy, 
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stereotactic core needle biopsy, fine needle aspiration, and the follow-up diagnostic visit. We did not 

include the costs of treatment activities, such as surgery, chemotherapy or radiation; training costs; 

or patients’ costs. 

From February to July 2015, we estimated costs per procedure or activity using micro-

costing, determining all required resources and resource volumes and then multiplying by resource 

costs. We included personnel, consumables, laboratory tests, equipment and some overhead costs, as 

described in Table 1.  

We collected resource usage (i.e. time, number of items, number of uses, etc.) for the inputs 

in Table 1 through a combination of time and motion observations and discussions with staff at the 

facility and South Africa’s National Health Laboratory Service (NHLS). Time and motion 

observations were conducted, where possible, for 20 to 40 patient interactions per diagnostic 

procedure type. Wherever possible, we determined the unit costs for consumables, laboratory tests 

and equipment using clinic records and publicly available sources [17,18]. Staff costs were 

calculated using public sector salary scales [19]. We followed generally recommended methods [20] 

to annualize capital costs (i.e. furniture and equipment) using a discount rate of 3% and depreciation 

periods recommended by the South Africa Revenue Service [21]. For the mammogram and 

ultrasound machines we used depreciation periods as provided in the purchase quotations (i.e. eight 

and six years respectively) in the base case scenario. All costs were collected in  South African Rand 

(R) and inflated to 2015 prices (where necessary) using the IMF’s World Economic Outlook 

database [22]. We present the costs in 2015 US dollars (USD) using an average exchange rate for 

2015 of 12.77 Rands per dollar [23]. 

 In some instances, different staff types (e.g. nurses, doctors, specialists) shared certain 

workloads. Where different levels of staff could perform a task, we chose the lowest cadre of staff (at 

a mid-career salary level) in our base case scenario.  
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Table 1. Cost inputs for breast diagnostic procedures performed at a large, outpatient clinic in 

Johannesburg, South Africa  
Cost type Inputs per procedure 

Direct costs*  

  Personnel 

    Initial examination and follow-up 

    Mammogram and ultrasound 

    Biopsies and FNA 

 

Staff nurse, medical officer** 

Medical specialist, radiographer 

Medical specialist, radiographer 

  Consumables 

    All procedures 

 

Medical consumables (gloves, hand sanitiser, paper toweling, needles, 

gauze, etc.), office supplies, etc. 

  Lab tests 

    Biopsies and FNA 

 

Sampling materials and cyto-histology charges from NHLS 

  Equipment 

    Initial examination and follow-up 

    Ultrasound, FNA, Biopsy-UG 

    Mammogram 

    Biopsy-S 

 

Consultation furniture 

Ultrasound machine, biopsy instrument, furniture 

Mammogram machine, biopsy instrument, furniture 

Mammography machine, stereotactic biopsy add-on, furniture 

Indirect costs***  

  Shared personnel 

    All procedures 

 

Receptionist, security guard, quality control meeting time 

  Shared equipment 

    All procedures 

 

Shared computers, waiting room furniture 

  Infrastructure/overhead 

    All procedures 

 

Rent and utilities for dedicated and shared spaces (waiting rooms, 

reception, etc.) 

Initial examination = Initial consultation with physical examination, Follow up = Follow-up diagnostic visit; FNA = Fine 

needle aspiration; Biopsy – UG = Ultrasound-guided core needle biopsy; Biopsy – S = Stereotactic core needle biopsy, 

NHLS = National Health Laboratory Service 

* These are incremental costs – i.e. required per service, and they include both fixed and variable costs.  

**The model included costs for a mid-career medical officer/doctor. If more junior doctors are employed, a specialist 

may also be required for support. 

***These include overhead (rent, utilities, etc.) plus shared furniture and staffing not often defined as “overhead.” Also, 

these costs are fixed costs only; the total cost of these items does not change with service volume. 

 

Analysis 

We captured the cost data and conducted the analysis using a model built for this study in 

Excel (Microsoft Corporation, 2010). The model consisted of several interlinked spreadsheets, 

utilising basic formulas and VBA (Visual Basic for Applications) programming language to produce 

the desired outcomes. A snapshot of the model contents are provide in Supplemental file: Workbook 

snapshot. 

The analysis was conducted in two phases. First, we estimated the total cost for diagnostics 

and the average cost per patient seen in the retrospective study population and a hypothetical 12-

month population at the clinic. We based the calculation of fixed costs (equipment, shared personnel, 
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infrastructure/overhead) on the total expected volume of patients. Thus, for costs representing the 

retrospective study population, we spread the fixed costs across the study population only. For the 

hypothetical 12-month population, fixed costs are spread across the full patient volume for the 12 

months.  

We conducted univariate and multivariate sensitivity analysis to explore the impact of 

variation in our cost inputs on the total and average costs at the facility. Univariate sensitivity 

analysis involves adjusting each input parameter of interest consecutively; whereas multivariate 

sensitivity analysis involves adjusting more than two parameters simultaneously. The parameters 

varied in the analysis included: the time required for staff and the total costs for consumables and 

equipment per diagnostic procedure. We allowed for ±25% variation in all of these parameters. In 

addition, we varied depreciation periods for the mammography and ultrasound machines by ± 25%, 

and explored the impact of a 5% discount rate. 

To illustrate the impact on costs of varying mammographic service volume, we decreased the 

proportion of patients at the clinic who have mammography and stereotactic biopsy (which requires 

a mammography machine) in increments of 25%. As usage decreased, we reduced the variable costs, 

but fixed costs remained static and were spread across the smaller number of patients receiving 

mammography. Because triple assessment diagnosis requires an imaging service, however; we did 

not eliminate imaging altogether. In our model, as we reduced use of mammography we shifted 

patients to ultrasound services. In the retrospective file review study, some women had both 

mammography and ultrasound [9]. For those women, we eliminated the mammogram cost rather 

than converting it to an additional ultrasound cost. When mammography services were eliminated, 

we removed all the mammography equipment and infrastructure costs completely. We present the 

cost per patient and per mammography and ultrasound for this hypothetical example where 

dependency is shifted to ultrasound for imaging. 

We consulted the CHEERS checklist during the drafting of this manuscript. 
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Results 

As documented in the retrospective study [9], 4,834 patients (606 (12.5%) male, 4,142 

(85.7%) female, 86 (1.8%) gender unknown) visited the clinic during the 15-month sampling period 

(i.e. April 2011 to June 2012) (data not shown). Based on these figures, we estimated that 3,867 

patients would attend the clinic in a hypothetical 12-month period (Table 2). 

Table 2 presents information regarding the total numbers and proportions of patients who 

required the various diagnostic procedures at the clinic. In total, 363 files (9 (2.5%) male; 354 

(97.5%) female) were selected for inclusion in the retrospective study [9]. All patients had the initial 

consultation with an examination, and roughly half (52%) had an ultrasound procedure. 

Mammography was performed for 41% of the patients seen. Cyto-histological procedures were less 

common.  

 

Table 2. Services obtained in South African breast care clinic by study population* and 

hypothetical full clinic patient population 

Procedure 

Services obtained by 

study sample, 15-

month period (n=363) 

Services obtained by 

hypothetical, full clinic 

population, 12-month period 

(n=3,867) 

Average number of 

services rendered per 

month, full clinic 

population (n=3,867) 

Initial consultation** 363 (100%) 3,867 (100%) 322 

Mammography 149 (41%) 1,585 (41%) 132 

Ultrasound 189 (52%) 2,011 (52%) 168 

Biopsy – UG 58 (16%)  619 (16%)  52 

Biopsy – S  15 (4%)  155 (4%)  13 

FNA 4 (1%) 39 (1%) 3 

Fo.up diagnostic visit 363 (100%)  3,867 (100%) 322 

F.up = Follow up; FNA = Fine needle aspiration; Biopsy – UG = Ultrasound-guided core needle biopsy; Biopsy – S = 

Stereotactic core needle biopsy 

* Includes all procedures conducted for diagnostic purposes at initial visit to clinic and within the subsequent 12 months 

in the retrospective study [9]. 

** The initiation consultation included a clinical breast examination.  
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The average costs per procedure, considering a hypothetical 12-month period of service 

delivery at the facility, are provided in Table 3. The initial consultation with clinical breast 

examination and the follow-up visit were the least costly diagnostics. Personnel costs were the 

largest component of these costs. Considering the imaging procedures, which were considerably 

more costly because of expensive equipment, mammography was more costly than ultrasound. The 

histological procedures were the most costly diagnostic procedures because of personnel costs and 

laboratory charges.  
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Table 3. Average costs per procedure considering a 12-month time period and patient population (n=3,867) (base case (range*)) (USD 

2015) 

 

Initial 

consultation**  Mammography Ultrasound Biopsy – UG Biopsy – S 

Fine needle 

aspiration 

Follow-up 

diagnostic visit 

Direct costs       

   Personnel 5.97 

(4.73-7.20) 

18.14 

(13.61-22.68) 

12.93 

(10.54-15.33) 

38.59 

(29.06-48.12) 

55.54 

(41.78-69.31) 

20.74 

(18.32-23.75) 

7.13 

(5.38-8.89) 

   Consumables 0.14 

(0.10-0.17) 

0.11 

(0.09-0.14) 

0.19 

(0.15-0.24) 

22.79 

(17.10-28.49) 

22.75 

(17.06-28.44) 

1.41 

(1.06-1.77) 

0.11 

(0.09-0.14) 

   Labs N/A N/A N/A 213.67 

(160.25-267.09) 

213.67 

(160.25-267.09) 

70.87 

(53.15-88.58) 

N/A 

   Equipment 0.26 

(0.20-0.35) 

36.22 

(22.43-61.94) 

2.54 

(1.64-4.09) 

2.54 

(1.64-4.09) 

36.22 

(22.43-61.94) 

2.54 

(1.64-4.09) 

0.26 

(0.20-0.35) 

Total direct costs 6.37 

(5.03-7.72) 

54.48 

(36.12-84.76) 

15.67 

(12.32-19.66) 

277.59 

(208.05-347.79) 

328.18 

(241.52-426.77) 

95.56 

(73.58-118.18) 

7.51 

(5.66-9.39) 

Indirect costs 3.77 

(3.72-3.82) 

5.49 

(5.46-5.52) 

5.44 

(5.42-5.46) 

1.83 

(1.82-1.84) 

1.87 

(1.85-1.90) 

5.44 

(5.42-5.46) 

3.77 

(3.72-3.82) 

Total costs 10.14 

(8.76-11.54) 

59.96 

(41.58-90.27) 

21.11 

(17.75-25.12) 

279.42 

(209.87-349.63) 

330.05 

(243.37-428.66) 

101.00 

(79.00-123.65) 

11.29 

(9.38-13.21) 

Biopsy – UG = Ultrasound-guided core needle biopsy; Biopsy – S = Stereotactic core needle biopsy; N/A = Not applicable 

* From sensitivity analysis 

** The initiation consultation included a clinical breast examination. 
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Table 4 provides the total cost for diagnosing breast conditions in the study clinic – for the 

study population and for all patients in a hypothetical 12-month period. The total costs of diagnosing 

breast conditions in the study population was $379,874 and the average cost per study patient seen 

was $1,046. Considering the hypothetical 12-month clinic population, the total cost of diagnosing 

patients was $448,423, and the average cost per patient seen was $116. The proportion of total costs 

spent on mammograms and stereotactic biopsies for the 12-month population was 34.3% (22.6% 

mammogram costs and 11.7% stereotactic biopsy costs).  

 

Table 4. Total and average per patient costs for breast-related diagnosis in outpatient clinic in 

Johannesburg, South Africa (study population* and hypothetical full-clinic population) (USD 

2014) 

 Cost (Range**) or % 

Study population (n=363)  

  Total cost  379,874.57 (285,368.44-497,018.98) 

  Average total cost per patient  1,046.49 (786.14-1,369.20) 

Hypothetical 12-month population (n=3,867)  

  Total cost  448,423.46 (342,471.74-577,013.46) 

  Average total cost per patient  115.96 (88.56-149.21) 

  Proportion of total costs spent on mammogram & stereotactic biopsy  

    services 34.3% 

*Retrospective study population [8] 

** The range represents the plausible ranges based on sensitivity analysis.  

 

Figure 1 illustrates the change in total costs, the cost per mammogram and ultrasound, and 

the cost per patient seen at the clinic as usage of mammography-based services is shifted to 

ultrasound-based services. The furthest left column represents mammography machine usage as 

documented in the retrospective study. As mammography is reduced, ultrasound usage is increased. 

In the rightmost column, mammography is no longer used at the clinic. Due to the high, fixed cost of 

the mammogram machine, total costs remain roughly the same until mammography services are 

eliminated completely. The cost per mammogram done, however, increases almost three-fold to 

$168.48 per patient as the service volume decreases to 25% of the current volume.  
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Figure 1. Reductions in total cost for hypothetical 12-month population at the breast clinic as 

dependency on mammograms and stereotactic biopsies are incrementally phased out (USD 

2014) 

 
F.up = Follow up; FNA = Fine needle aspiration; Biopsy – UG = Ultrasound-guided core needle biopsy; Biopsy – S = 

Stereotactic core needle biopsy 

NB: The initiation consultation included an examination. 

*This is the proportion of women who received any imaging (ultrasound or mammography) in the retrospective study 

[8].   
 

Discussion 

In this analysis, which is one of few to report on the costs of breast diagnostic services in a 

low-resource setting, cyto-histological assessments were the most expensive components of triple 

assessment for diagnosis of breast disease, including cancer. Personnel costs were strong drivers of 

the costs for consultations. Equipment costs comprised the majority of the imaging costs, and 

personnel costs and laboratory charges were drivers of the cyto-histological costs. For all procedures, 

service volume was critical in determining the average cost per patient. The costs of equipment and 

infrastructure decreased (per patient) as patient volume increased due to the large contribution of 
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fixed costs to the total costs in the clinic. For example, for mammography specifically, equipment 

and infrastructural costs were 73.4% of the total procedural cost. 

In this setting, the base case cost estimates for mammography services were higher than the 

estimated costs of ultrasound – when used for imaging and guiding biopsies. However, our 

sensitivity analysis produced overlapping cost ranges for the two services, meaning that their costs 

could be equivocal under certain conditions. Using the base case cost estimates for both procedures 

and assuming a theoretical environment where mammography use was shifted to ultrasound, we 

estimated that any cost savings from such a shift would be minimal until use of the mammography 

machine is stopped altogether.  

Because of its use for multiple applications, ultrasound may be more accessible than 

mammography in low-resource settings [28], and, in fact, arguments have been made for use of 

ultrasound exclusively in such locations. Sensitivity of ultrasound for diagnosis of breast cancer has 

been estimated at 98.4% [24] and, because the technology is dependent on the technician conducting 

the assessment, both sensitivity and specificity may improve with practice [25]. For women with 

dense breasts ultrasound may be more sensitive than mammography [25,26], and for late stage 

disease diagnosed in settings with limited access to radiation and breast conserving surgery, access to 

mammography does not change management or improve patient outcomes [26,27].  

Despite these clinical and logistical arguments for use of ultrasound, however, 

mammography does remain an important diagnostic and screening tool. Ultrasound has been shown 

to be a poor tool for diagnosis of calcification in the breast, which is indicative of pre-invasive 

cancer [29]. Also, stereotactic core needle biopsies, which require a mammography machine, 

generally cannot be replaced by ultrasound-guided core needle biopsies due to the presence of micro-

calcifications undetectable with ultrasound imaging. Our simple illustration of the impact of low 

service volumes on average cost per mammogram suggests that policymakers in South Africa and 

other resource-limited settings, should plan for an equitable geographic distribution of both 
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mammography and ultrasound machines (and the radiologists and/or technicians required to operate 

them) and strong referral pathways that allow for maximum utilization of the technologies.  

There are limitations to this research. The clinical study from which the service statistics are 

drawn was retrospective, and there were challenges with data quality when assessing the services 

provided. The clinical and cost data are derived from one facility only; however, very few facilities 

offering comprehensive breast care diagnostic services exist in the country. Further, performing 

micro-costing in a complex environment was challenging. To address this, we used sensitivity 

analysis to assess variations in our assumptions. Finally, we assumed that the ultrasound machine 

was used for breast care only. In other settings, it may be used for many purposes, most particularly 

antenatal care, thus reducing the cost per use.  

Despite limitations, this analysis provides a much needed contribution to the literature 

regarding the costs of a comprehensive approach for the diagnosis of breast conditions. To our 

knowledge, the data presented here are the first cost estimates for breast-related diagnosis in Sub-

Saharan Africa. The analysis also provides guidance to service providers regarding the components 

of each diagnostic procedure that are most likely to affect the total cost.  

Breast cancer is a major public health concern in South Africa and in many similar low- and 

middle-income countries globally. Making diagnostic services more accessible is critical for 

improved health outcomes. Services are already free or provided at low cost to men and women in 

the public sector in South Africa, but offering comprehensive diagnostic services is also important 

for ensuring that patients receive treatment if required in a timely fashion. Careful consideration of 

the financial implications of increasing access to all services in all settings is required, as some 

services such as mammography are extremely costly per person if utilization is low. Careful planning 

for maximum utilization of expensive machinery and considering lower cost alternatives for some 

locations could contribute to increased access to services for women in low-resource settings. 
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