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Abstract

Background

Cervical cancer imposes considerable economic burden on societies and individuals. There

is lack of evidence regarding this from the developing world and particularly from sub-Saha-

ran Africa. Therefore, the study aimed to estimate the societal costs of cervical cancer in

Eswatini.

Materials and methods

The cost of illness study (CoI) was applied using national specific clinical and registry data

from hospitals, registries and reports to determine the prevalence of cervical intraepithelial

neoplasia (CIN) and cervical cancer in Eswatini in 2018. Cost data included direct medical

costs (health care utilization in inpatient and outpatient care), direct non-medical costs

(patient costs for traveling) and indirect costs based on productivity loss due to morbidity

(patient time during diagnosis and treatment) and premature mortality.

Results

The estimated total annual cost for cervical cancer was $19 million (ranging between $14

million and $24 million estimated with lower and upper bounds). Direct cost represented the

majority of the costs at 72% ($13.7 million) out of which total pre-cancerous treatment costs

accounted for 0.7% ($94,161). The management of invasive cervical cancer was the main

cost driver with costs attributable to treatment for FIGO III and FIGO IV representing $1.7

million and $8.7 million respectively. Indirect costs contributed 27% ($5.3 million) out of

which productivity loss due to premature mortality represented the majority at 67% ($3.5

million).

Conclusion

The economic burden of cervical cancer in Eswatini is substantial. National public health

prevention strategies with prophylactic HPV vaccine and screening for cervical lesions

should therefore be prioritized to limit the extensive costs associated with cervical cancer.
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Introduction

Among other cancers, worldwide, cancer cases attributed to the Human Papilloma virus

(HPV) are estimated at 4.5% (630 000) [1]. Evidence shows that high risk HPV types cause

almost 100% of cervical cancer cases [1–3]. The burden of cervical cancer is compounded by

the high prevalence of HIV infection, particularly in settings with limited access to the HPV

vaccine [4]. The life time risk for cervical cancer in HIV positive women is higher (3.3%) than

that in HIV negative women which stands at 2.3% [5].

Cervical cancer is the 4th most frequent female cancer and the 4th leading cause of cancer

mortality worldwide [6]. However, the disease burden is not equally distributed across coun-

tries. Low- and middle-income countries (LMIC) report high mortalities compared to high-

income countries (HIC) [6, 7]. The age standardized (world) incidence rates (per 100,000) of

cervical cancer cases were among the highest in sub-Saharan Africa (�26) in 2018 [6]. Cervical

cancer imposes a considerable economic burden on society and individuals [6, 8]. However,

there is limited knowledge of the economic burden of cervical cancer in low-income countries

(LICs) and particularly in sub-Saharan Africa [9]. Most studies estimate the economic burden

either for multi-country or country-specific aggregate data of multiple cancers [8–12].

Understanding the human and economic burden of the disease is important for public

health policy-makers to make planning and budget decisions [12]. Findings from CoI studies

provide essential information on disease-specific costs and data for further economic evalua-

tions in view of informed policy decisions [13–15]. With evidence of HPV vaccination pre-

venting up to 90% of diseases attributed to this virus the question of how to prioritize and

allocate resources to prevent cervical cancer is essential. We therefore aim to investigate the

societal cost of cervical cancer in Eswatini to contribute to further economic evaluations

important for informed policy-making.

Our previous cost analysis conducted in Eswatini estimated direct medical costs associated

with Human Papillomavirus (HPV) related cervical cancer diseases at $16 million [14]. This

was the first study to demonstrate the magnitude of the economic burden resulting from cervi-

cal cancer. Whilst the study demonstrated the significant economic burden of cervical dyspla-

sia and invasive cancer, it only considered the providers’ perspective. Indirect costs tend to

contribute a significant proportion of the total economic burden/or societal cost of HPV-

related diseases [16] and are therefore included in our present study.

Materials and methods

Method of costing

From a societal perspective, we performed a Cost of Illness (CoI) study, investigating costs

incurred during the intervention both by the provider and the patients [15]. CoI is the com-

mon methodology for estimating specific disease-associated costs [13].

‘Prevalence-based’ and ‘Incidence-based’ methods are the most common approaches to

conducting CoI studies. We used a prevalence-based approach which considers costs of all dis-

ease cases in a geographical area in a given time period [13]. We employed both top-down and

bottom-up costing approaches [15, 17]. A top-down costing approach was used to estimate the

costs associated with health care services whilst a bottom-up costing approach (micro-costing)

was used to determine costs associated with primary care.

Costs

A societal perspective, including direct medical, direct non-medical and indirect costs (mone-

tary value of productivity loss due to morbidity and mortality), was used to estimate the
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economic burden associated with cervical cancer in Eswatini. Direct medical costs were

divided into recurrent costs and capital costs [15]. Recurrent costs included personnel, travel,

consumables (including medical supplies), administration, utilities and overheads. Capital

costs consisted mainly of equipment, buildings, vehicles and everything that has a useful life of

more than one year and an equivalent value of $50. All costs are presented in US Dollars using

the 2018 average exchange rate of1 USD ($) = 14.5 Eswatini lilangeni (SZL), the Eswatini

currency.

Direct medical costs. To estimate the total direct medical costs, we estimated the average

cost of screening and managing cervical lesions and cervical cancer. The average cost for each

treatment was then multiplied by the number of patients treated corresponding. The number

of women screened by Pap smear were obtained from the Sexual Reproductive Health (SRH)

annual reports and prices were based on market or private sources obtained through the Pha-

lala Fund [18] (Table 1). Data on the cytological results including normal or abnormal results

and inadequate cytological results (result could not be determined) were not available. We esti-

mated the burden of ASCUS-H or HSILCIN2/CIN using the treatment information provided

in the SRH 2018 report [19]. Laboratory costs including cytological testing, follow-up biopsy

as well as physician assessment of abnormal results were obtained from the private sector and

market pricing [18]. The number of Visual Inspection with Acetic Acid (VIA) screened and

VIA positives were obtained from the SRH report. Treatment costs were estimated as per the

procedures provided in the Eswatini Standardized Cancer Care and Guidelines [20]. Variables

were adapted from a previous study conducted in Eswatini [14]. The total number of women

treated with loop electrosurgical excision procedure (LEEP), or total abdominal hysterectomy

(TAH) and Cryotherapy was obtained from the SRH 2018 report.

Information to estimate treatment costs associated with cervical cancer was obtained from

the Phalala Fund through review of medical records. Similarly, treatment variables were

Table 1. Data variables and source for costs regarding screening, management and treatment of cervical lesions

and cervical cancer.

Data Data source Price source

Estimated number of cases in 2018 = 268 Swaziland National Cancer Registry (SNCR),

Ministry of Health, Report on Cases of Cancers in

Swaziland (2018)

Screening

VIA screening • Sexual and Reproductive Health Annual Program

Report, 2018

• Health Management Information System (HMIS)

Market price

Pap smear/Cytology Eswatini Health Laboratory Service (EHLS) Private hospital

Lesion and cancer diagnosis and treatment

Treatment with LEEP • Sexual and Reproductive Health Annual Program

Report, 2018

• Eswatini Health Laboratory Service (EHLS)

Market price

Treatment with cryotherapy (for VIA

positives)

• Sexual and Reproductive Health Annual Program

Report, 2018

Market price

Follow-up Pap smear of LSIL /CIN1 Private hospital, gynecologist Market price/

private hospital

Treatment of AGC; ASCUS-H; HSIL-/

CIN2/CIN3 and FIGO 1 with

hysterectomy

Private hospital, Phalala Fund Market price/

private hospital

Treatment of FIGO II-IV with

radiotherapy and chemotherapy + Biopsy

Phalala Fund based on SA hospitals fees Market price

https://doi.org/10.1371/journal.pone.0250113.t001
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adapted from a previous study [14] and information from expert interviews, these included

medical practitioners from private facility (The Clinic Group—Mbabane) and public facility

(Mbabane Government Hospital—Chemotherapy Unit).

Actual costs of the variables were estimated at market price based on private charges [18].

The country lacks official data on the proportion of women treated for different International

Federation of Gynecology and Obstetrics (FIGO) stages of cancer. Provided proportions were

based on the empirical number of patients diagnosed and treated according to the Cancer Reg-

istry annual report, Table 1. We assumed that the reported number of women with cervical

cancer were clinically staged according to FIGO staging procedures and were treated as per

the Eswatini Standardized Cancer Care and Guidelines. In addition to clinical assessment of

patients diagnosed, other investigations included biopsy, X-ray, CT-computed tomography

scan which are currently available in private hospitals. The Phalala Fund kept data for all

patients diagnosed with invasive cancer receiving treatment in and outside the country. Data

variables and cost for screening, management and treatment of cervical lesions and cervical

cancer were based on sources presented in Table 1.

Direct non-medical costs. A cross-sectional study was conducted on nineteen (19)

patients with cervical cancer attending treatment follow-up at the Mbabane Government

Referral Hospital and we collected data on the amount spent on transport and patient time

costs (monetary value of the time spent away from work as a result of seeking cancer

management).

We estimated transportation costs (including return) for women receiving follow-up treat-

ment, specifically chemotherapy at the Chemotherapy (outpatient) Unit of the Mbabane Gov-

ernment Referral Hospital. We used Eswatini Standardized Cancer Care and Guidelines and

interviewed experts to obtain the average number of visits for each woman in a year. A major-

ity of the patients indicated that they needed to have a companion or a relative whenever they

visited the hospital. We therefore doubled transport costs to account for the companion’s

transport costs.

Indirect costs. The number of cervical cancer deaths for 2018 was obtained from the

national Cancer Registry.

Morbidity. Employing the human capital approach [21], the time-related gross earnings

were estimated. Indirect costs related to patient time taken for seeking health care was esti-

mated. To compute patient time costs due to prevention and treatment for cervical cancer we

estimated average monthly income from gross annual earnings. Adapting a methodology

described elsewhere [22], we estimated patient time by screening methodology, diagnosis,

treatment for CIN, staging and treatment by FIGO stage.

Patient time by screening methodology, diagnosis, treatment for CIN. Information on waiting

time and procedure was gathered from experts in the field, mainly from private hospitals. The

Eswatini Standardized Cancer Care and Guidelines states that follow-up care includes quar-

terly gynecological reviews with colposcopy and biopsy in the first year of treatment [20]. The

study assumed 20 full-time working days of 8 hours per month. Following recommendations

for health economic evaluations, the average annual general gross earnings rate for all working

individuals of both genders was used [15, 23]. Cost per work day ($11.2) and work hour ($1.4)

was estimated. Then we multiplied the total procedure and wait time per parameter in the pre-

vention, management and treatment of CIN with the corresponding number of people who

received the care.

Patient time for staging, treatment and follow-up by FIGO stage. Staging and treatment, par-

ticularly radiotherapy, is conducted in South Africa. Using data from literature [22] and infor-

mation obtained from the Phalala Fund, we estimated that patient staging is one week on

average (40 working hours, translating to $56 per person). To compute productivity loss, we
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multiplied the value of time lost with the number of women diagnosed with cervical cancer in

2018 (268), Table 1. Similarly, to establish productivity loss as a result of invasive cancer treat-

ment, we established the treatment time including follow-up time in weeks by FIGO stage

resulting to FIGO Ia1-Ib1 (9), FIGO Ib2-II (17), FIGO (III) and FIGO IV (42). The Eswatini

Standardized Cancer Care and Guidelines states that follow-up care includes a gynecological

examination including a Pap smear every 3 months for the first 2 years after completing

treatment.

Mortality costs. Calculating mortality costs required three parameters, that is the number of

deaths, years of potential productive life lost (YPPLL) and monetary value of productivity lost

[24]. The human capital approach equates productivity lost to an individual wage rate and is

based on the assumption that an individual continues to produce output over a working life

time which is cut short by premature death [24]. Data from the national cancer registry was

used to estimate the number of cervical cancer related deaths for 2018. To estimate the YPPLL

due to premature cervical cancer related death, which is defined as the remaining life expec-

tancy at the age of death. Average expected years of potential productive life lost for cervical

cancer age-group-specific deaths was estimated assuming labor participation ages of Eswatini

(18–60 years). Furthermore, the study used full employment rate in the cervical cancer patients

and annual average earnings. Average YPPLL was multiplied by average annual earnings.

According to health economic recommendations, future costs were discounted at 3% and 5%

[15, 23]. To account for uncertainty, we based our calculations on both the assumptions that

the women lived until the end of the year and that the women died in the middle of the year.

Estimation of annual costs

The aggregate cost of prevention, management and treatment of cervical intraepithelial neo-

plasia and cervical cancer in 2018 was computed. All costs were reported in 2018 US dollars

(average exchange rate: $1 = SZL14.5).

Sensitivity analysis

Using methodology adapted from previous studies [11, 14, 22, 25], we performed sensitivity

analysis using ±25% to account for uncertainties in the cost estimation and unrecorded cases

by the facilities.

Ethics approval and consent to participate

The study was approved by the National Health Research Review Board (NHRRB) of Eswatini

(FWA 00026661/IRB 00011253) and the University of KwaZulu-Natal Biomedical Research

Ethics Committee (BE 059/19). Both ethics committees approved the data collection tool and

written informed consent form, which was obtained from all the participants prior to partici-

pating in the study. All women aged between 18 years and above receiving chemotherapy care

at the Mbabane Government Referral Hospital—Chemotherapy Unit were considered eligible

for the study.

Results

Prevention, management and treatment of cervical intraepithelial

neoplasia (CIN)

Cost data was collected to estimate the economic burden associated with prevention, manage-

ment and treatment of cervical intraepithelial neoplasia. Parameters and variables included in

the study are presented in Table 2.
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Treatment of cervical cancer

The breakdown for staging and treatment variables for FIGO I- IV (total number of sessions

per stage) is presented in Table 3. The costs for staging, management and treatment of cervical

cancer per FIGO stage including cost breakdown of variables resulted in a cost of $2,445 for

FIGO Ia1-Ib1, $32,870 for FIGO Ib2-II, and $32,666 and $54,421 for FIGO III and IV respec-

tively, Table 4.

The distribution of the cervical cancer cases was as follows: FIGO Ia1-Ib1 (13), FIGO Ib2-II

(40), FIGO III (54) and FIGO IV (161) (Table 5). Staging was conducted outside the country,

mainly in South Africa (SA), and involved clinical examination with cystoscopy under anes-

thesia. FIGO stage Ia1-Ib1 treatment involved hysterectomy, a procedure conducted locally.

Treatment for FIGO stage Ib2-IV involved brachytherapy, radiotherapy, chemotherapy and

blood tests conducted in SA over 42 days. Brachytherapy use was limited to metastatic cancer,

hence the variation in cost distribution in FIGO stages III and IV. Additional costs incurred as

a result of seeking treatment in SA included transport, lodging and accompanying staff allow-

ance. Applying the staging, treatment and follow-up procedures, the annual estimated cost for

cervical cancer treatment was $11,8 million (ranging between $8,9 million—$14,8 million)

(Table 5). The estimated annual direct costs for prevention, management, and treatment of

CIN and invasive cervical cancer was $13,7 million, out of which pre-cancerous treatment

Table 2. Costs for prevention, management and treatment for cervical lesions expressed in 2018 USD average

exchange rate of $1 = SZL14.5.

Parameter Variables included in the cost Average (2018)

USD

Pap smear screens Examination table with foot supports, examination light, speculum,

examination gloves, cervical spatula and cytobrush glass slide and fixative,

1 sheet

48

Total VIA screened Nurse’s time, examination table, speculum, light source (halogen torch or

flashlight), instrument tray, 3 cotton swabs, examination gloves, 20mls of

3% to 5% acetic acid (white table vinegar) solution

38

Biopsy Colposcope: Variable fixed power or zoom lens (3× to 7× low power to

15× to 40× high power), biopsy forceps, endocervical curette (Kevorkian

curette, no basket), endocervical speculum (Kogan, both narrow and wide

types), ring forceps, Pap smear materials, vaginal speculums, full-strength

Lugol’s iodine solution, Monsel’s solution (ferric subsulfate), 1 ml, acetic

acid solution 3% to 5% (white vinegar; 4–6 oz or 120–180 ml), cotton- or

rayon-tipped swabs (8–10), junior Scopettes/OB-GYN applicators (6–10),

4 × 4 gauze, urine or sputum cups for vinegar, vaginal side wall retractor,

underpads ("chuck pads") (17 × 24 inch), cotton balls (15–20), power

(electricity), doctor’ss time, Lab cost

95

LEEP Usage of all equipment/instruments, linen and consumables: 1 packet of

cotton balls, 1 packet gauze, antiseptic solutions—Savlon ±50cc, floor

cleaning solution-sonic 1 bucket, specimen bottle, formalin 10cc, Cidex

solution 5L, vinegar solution, anesthesia, doctor’s and nurse’s time

512

Cryotherapy Usage of cryotherapy machine and equipment, nitrous oxide, sanitary

pad, detergents (95% alcohol, water, sodium chloride solution), nurse’s

time, antibiotics treatment: Amoxylin/Ciproflaxin 500mg BID, Flagyl

400mg tid 7/7 days OR: Panado 1gm TDS and Diclofenac 50mg TDS 3/7

days

38

Follow-up procedure

of LSIL

With Pap smear and antibiotics 56

Treatment of HSIL With hysterectomy during anesthesia: usage of equipment/instruments,

linen, 5 swabs abdominal packs, 20 gauges, sutures– 4 vicryl No.2 and 2

vicryl No.1, anesthesia, doctor’s and nurse’s time

998

1785

https://doi.org/10.1371/journal.pone.0250113.t002
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costs accounted for $94,161. When accounting for uncertainty in the number of women that

were eventually screened versus those not screened (sensitivity analysis (±25)), the total annual

cost ranged from $10,3 million to $17,1 million (Table 5).

Direct non-medical costs

A total of 268 women were diagnosed with invasive cancer in 2018. The mean transport cost

per visit including return was estimated at $10. With 12 visits annually including a relative

companion in all the visits, the annual transport costs was estimated at $0,06 million (ranging

between $0,05–$0,08 million).

Table 3. Breakdown for staging and treatment variables for FIGO I-IV.

Staging and treatment variables IA1-IB1 1B2-II III 1V

Transport including from Eswatini and between treatment sites 0 1 1 1

Lodging including meals 0 42 42 42

Hospital admission for early stage treatment 1 0 0 0

Hospital admission in step down facility 0 1 1 1

Radical hysterectomy with anesthesia 1 0 0 0

Clinical examination with colposcopy under anesthesia 1 1 1 1

CT scan planning 0 1 1 1

Brachytherapy treatment 0 1 1 0

Radiotherapy treatment 35 35 35

Follow-up during brachytherapy & radiotherapy 0 2 2 2

Chemotherapy 0 7 7 7

Follow-up during chemotherapy 0 2 3 1

Follow-up after treatment 1 12 12 12

MRI 1 1 1

Nurses’ and drivers’ allowance 0 2 2 2

https://doi.org/10.1371/journal.pone.0250113.t003

Table 4. Costs for staging, management and treatment of cervical cancer per FIGO stage I-IV expressed in 2018 USD average exchange rate of $1 = SZL14.5.

Breakdown for staging and treatment variables for FIGO I-IV

Staging and treatment variables Cost per unit ($) IA1-IB1 1B2-II III 1V

Transport including from Eswatini and between treatment sites 1,771 0 1,771 1,771 1,771

Lodging including meals 55 0 2,310 2,310 2,310

Hospital admission for early stage treatment 1,207 1,207 0 0 0

Hospital admission in step down facility 105 0 105 105 105

Radical hysterectomy with anesthesia 1,034 1,034 0 0 0

Clinical examination with colposcopy under anesthesia 362 0 362 362 362

CT planning scan 235 0 235 235 235

Brachytherapy treatment 4,969 0 4,969 4,969 0

Radiotherapy treatment 402 0 14,070 14,070 14,070

Follow-up during brachytherapy & radiotherapy 204 0 408 408 408

Chemotherapy 527 0 3,689 3,689 3,689

Follow-up during chemotherapy 204 0 612 408 204

Follow-up after treatment 204 204 2,448 2,448 29,376

MRI 965 0 965 965 965

Nurses’ and drivers’ allowance 463 0 926 926 926

TOTAL 12,707 2,445 32,870 32,666 54,421

https://doi.org/10.1371/journal.pone.0250113.t004
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Indirect costs

Patient time costs. The total cost for patient time spent by screening methodology, diag-

nosis and treatment of CIN was estimated at $1,2 million (Table 6). We further estimated

patient time for staging, cancer treatment and follow-up per FIGO stage. The total costs esti-

mated stood at $0,5 million (Table 7).

Mortality. According to the national cancer registry, there were 296 cancer-related deaths

in 2018 [26], out of which 141 were attributed to cervical cancer. Of these 141 deaths, 52 were

of women above the labor participation age of Eswatini (60 years). Only deaths of women aged

between 18–60 years were included in our calculation of potential productive life lost due to

premature cervical cancer related mortality. The total costs of premature deaths due to cervical

cancer at 3% discount rate was estimated at $1.9 million and at 5% discount rate $1.3 million

(Table 8). Varying the total costs of premature deaths due to cervical cancer by half (0.5) at 3%

Table 5. Annual direct (health care costs) cost estimation for prevention, management and treatment of cervical cancer lesions and cancer expressed in $ for 2018.

Prevalence 2018 Cost per item Base case cost Range

Parameter Number Average cost (2018) Base costs (2018) Lower (-25%) Higher (+25)

Screening 22,345

Pap smear 4,248 48 203,904 152,928 254,880

Total VIA screened 18,097 38 687,686 515,765 859,608

Biopsy 387 95 36,765 27,574 45,956

Total screening costs 928,355 696,266 1,160,444

Diagnosed cervical lesion

Treatment with LEEP 527 512 269,824 202,368 337,280

VIA positive treated with cryotherapy 515 38 19,570 14,678 24,463

Follow-up of LSIL with Pap smear 3 months later 10,132 56 567,392 425,544 709,240

Treatment of HSIL with hysterectomy under anesthesia 85 998 84,830 63,623 106,038

Total pre-cancerous treatment costs 941,616 706,212 1,177,020

Diagnosed with cervical cancer

FIGO IA-IBI 13 2,445 31,785 23,839 39,731

FIGO IB2-II 40 32,870 1,314,800 986,100 1,643,500

FIGO III 54 32,666 1,763,964 1,322,973 2,204,955

FIGO IV 161 54,421 8,761,781 6,571,336 10,952,226

Total cost for treating invasive cancer 11,872,330 8,904,248 14,840,413

Total direct costs 37,100 13,742,301 10,306,726 17,177,876

https://doi.org/10.1371/journal.pone.0250113.t005

Table 6. Assumed patient time spent and productivity lost by screening methodology, diagnosis and treatment of CIN.

Screening strategy Procedure time

(minutes)

Wait time

(minutes)

Total time

(minutes)

Total times

(hours)

Productivity

loss ($)

Productivity loss by number of

patients seen in 2018 ($)

VIA screening 60 20 100 1,7 2,3 42,226

Pap smear/cytology 20 20 40 0,7 0,9 3,965

Treatment for the lesions

Cryotherapy 60 20 80 1,3 1,9 961

LEEP 60 20 80 1,3 1,9 984

Follow-up after treatment for CIN (four

gynecological reviews including cytology

tests)

60 40 100 80 112 113,478

Total 260 120 400 85 119 1,182,920

https://doi.org/10.1371/journal.pone.0250113.t006
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discount rate, the total costs was estimated at $1.3 million and at 5% discount rate $1.0 million

(Table 8).

Total annual cost

The total annual cost for cervical cancer was estimated at $19 million (between $14 million

and $24 million estimated with lower and upper bounds). Direct costs constituted a majority

of the costs at 72%, ($13,7 million) (Table 9). Management for invasive cancer stage was the

main cost driver with costs attributable to treatment for FIGO III and FIGO IV representing

$1,7 million and $8,7 million respectively. Indirect costs contributed 27% ($5,3 million) out of

which productivity loss due to premature mortality represented 67% ($3,5 million).

Discussion

This is the first study in Eswatini to evaluate the societal costs of prevention and treatment of

cervical intraepithelial neoplasia and invasive cancer. The study estimated that the annual soci-

etal cost of cervical cancer in 2018 was $18,9 million, ranging from $14 million to $24 million.

Costs for health care and productivity loss represented 72% ($13,7 million) and 27% ($5,2 mil-

lion) of the total costs respectively. The main cost driver was health care cost for treatment of

invasive cervical cancer with this cost rising steadily with late disease treatment, FIGO stages I

($0,4million), II ($1,6million), III and IV ($2,2million and $10,1 million respectively).

Table 7. Patient time for staging, cancer treatment and follow-up by FIGO stage.

FIGO

stage

Treatment time

including staging

(weeks)

Valuing treatment

time (weekly income

$56)

Follow-up

(hours)

Valuing

follow-up time

($)

Productivity loss (sum of the value

for treatment time and follow-up

time) ($)

Productivity loss by number of

women corresponding per FIGO

stage in 2018 ($)

Ia1-Ib1 9 504 15 22 5,254 6,831

Ib2-II 17 952 15 22 973 38,938

III 17 952 15 22 973 52,567

IV 42 2,408 15 22 2,429 391,144

Total 85 4,816 60 86 4,901 489,481

https://doi.org/10.1371/journal.pone.0250113.t007

Table 8. Estimating mortality costs.

Mortality cost for cervical cancer varied for 1 and 0.5 years

Age

group

Lost

YPPLL

Number of

deaths

Average

annual

income ($)

Mortality cost at 3%

discount rate ($)

(assuming women lived

for 1 year)

Mortality cost at 5%

discount rate ($) (assuming

women lived for 1 whole

year)

Mortality cost at 3%

discount rate ($)

(assuming women lived for

0.5 years)

Mortality cost at 3%

discount rate ($)

(assuming women lived for

0.5 years)

23–27 35 2 2,690 64,843 31,274 55,249 38,369

28–32 30 6 2,690 194,168 103,928 153,310 112,163

33–37 25 16 2,690 502,465 298,471 367,645 283,353

38–42 20 15 2,690 438,842 289,298 297,551 241,590

43–47 15 15 2,690 383,275 280,407 240,820 205,983

48–52 10 7 2,690 138,857 112,742 80,850 72,851

53–57 5 13 2,690 150,150 135,296 81,015 76,903

58–60 1 5 2,690 13,047 12,778 6,623 6,555

Totals 1,315 79 2,690 1,885,646 1,264,193 1,283,063 1,037,768

Average annual gross income = $2,690

https://doi.org/10.1371/journal.pone.0250113.t008
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This findings are consistent with those of previous studies whose findings suggest that costs

of managing cervical cancer vary by cancer stage at diagnosis and that advanced cervical cancer

(stages III and IV) poses the greatest costs [27–30]. Liu et al. reported significant costs of cervi-

cal cancer in Canada and, according to these researchers, the average incremental costs

increased with treatment phase (pre-diagnosis ($362), initial phase ($15,722), continuing

phase ($3,924) and $52,539 in the terminal phase) [28]. Similarly, a study assessing the costs of

cancer care on a treatment continuum for 10 malignancies including cervical cancer concluded

that stage III cancers posed the greatest annual cost burden for most cancer types [31]. A sys-

tematic review assessing the cost of cancer along the treatment phases also concluded that

costs vary by cancer stage [32]. In contrast, Patel et al. [33] reported that screening constituted

the highest proportion of the annual cost in 4 European countries, namely Belgium $23 million

(€22.6 million); Finland $35 million (€30.7 million), Poland $58 million (€49.8 million) and

Sweden $58 million (€49.8). The current findings corroborate the conclusions by other studies,

asserting that countries with well-established screening programs incur higher expenses on

prevention measures compared to developing countries with less organized screening inter-

vention [14, 34]. This evidence is reasonable and seems to reflect how cancer programming is

Table 9. Total annual cost estimation for cervical cancer lesions and invasive cancer (direct, direct non-medical and indirect costs) in 2018.

Prevalence

2018

Cost per item Base case cost Range

Parameter Number Average cost

(2018)

Base costs

(2018)

Lower

(-25%)

Higher

(±25)

Direct costs (health care costs)

Screening 22,345

Pap smear 4,248 48 203,904 152,928 254,880

Total VIA screened 18,097 38 687,686 515,765 859,608

Biopsy 387 95 36,765 27,574 45,956

Total 928,355 696,266 1,160,444

Diagnosed cervical lesion

Treatment with LEEP 527 512 269,824 202,368 337,280

VIA positive treated with cryotherapy 515 38 19,570 14,678 24,463

Follow-up of LSIL with Pap smear 3 months later 10,132 56 567,392 425,544 709,240

Treatment of HSIL with hysterectomy under anesthesia 85 998 84,830 63,623 106,038

Total 941,616 706,212 1,177,020

Diagnosed with cervical cancer

FIGO IA-IBI 13 2,445 31,785 23,839 39,731

FIGO IB2-II 40 32,870 1,314,800 986,100 1,643,500

FIGO III 54 32,666 1,763,964 1,322,973 2,204,955

FIGO IV 161 54,421 8,761,781 6,571,336 10,952,226

Total 11,872,330 8,904,248 14,840,413

Total direct costs 37,100 13,742,301 10,306,726 17,177,876

Direct non-medical costs

Patient transport costs from seeking health care assuming that in all the visits the

patient had at least one companion (268 patients)

536 120 64,320 48,240 80,400

Indirect costs

Patient time off work from seeking health care by screening methodology, diagnosis,

treatment for CIN, staging and treatment by FIGO stage

268 6,240 1,672,401 1,254,301 2,090,502

Mortality (premature deaths) 1,315 2,690 3,537,350 2,653,013 4,421,688

Total 5,274,071 3,955,553 6,592,589

Total 9,050 19,016,372 14,262,279 23,770,465

https://doi.org/10.1371/journal.pone.0250113.t009
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organized in HICs versus LMICs. The consumption of screening services is expected to be

higher in HIC countries due to service availability compared to LICs. However, more recent

studies from both worlds are necessary to better understand such dynamics across countries.

Our previous cost analysis conducted in Eswatini showed that treatment of high grade cer-

vical lesions and invasive cancer constituted most of the costs, accounting for about 80%

($12.6 million) of the total costs ($16 million) [14]. Similarly, our previous study conducted in

Sweden found that direct costs accounted for 76% of the total costs for which costs of preven-

tion, management and treatment of CIN were the main cost drivers [11]. Whilst direct costs

contribute significantly to the economic burden of cervical cancer, our findings demonstrated

that productivity loss as a result of premature deaths tends to constitute a significant propor-

tion of the total indirect costs. Late diagnosis of cervical cancer in Eswatini is the possible

explanation behind the high cost associated with treatment of invasive cancer. Treatment in

later stages requires extended chemo- and radiation therapy as well as longer hospitalizations

and, consequently, contributes to high costs burden.

Our study estimated a total indirect cost of $5,2 million of which 67% ($3,5 million) was

attributable to productivity loss due to premature mortality. To our knowledge this is the first

study to demonstrate the magnitude of the economic burden of cervical cancer in Eswatini

from the providers’ perspective.

The high proportion of costs attributable to premature mortality among the indirect costs

has been noted in other studies [9, 14, 34, 35]. A study looking at productivity loss in 4 devel-

oping countries (Brazil, Russia, India and South Africa) ranked cervical cancer as the second

highest cancer resulting to greater productivity loss in South Africa [36]. Worth noting is that

cervical cancer costs were more significant in South Africa than in the rests of the countries

considered. This could support the evidence that the burden of cervical cancer is heaviest in

the sub-Saharan region [7].

Another Swedish study, assessing the economic burden of human papillomavirus related

pre-cancers estimated the total annual costs at $124 million (€94 million) and of which $82 mil-

lion (€62,2 million) were attributed to indirect costs. Of the total indirect costs, $48 million (€36

million) were attributable to premature mortality [12]. In a study undertaken in the United

States of America, the researchers reported $3.3 billion costs associated with treatment of cervi-

cal cancer of which 66% ($2,2 billion) were indirect costs. Of the indirect costs 99% ($2,1 billion)

were attributable to lost earnings as a result of premature mortality due to cervical cancer [37].

One of the key strengths of our study is that it highlights the significant economic burden

associated with prevention, treatment and productivity loss related to cervical cancer. To our

knowledge, our study has demonstrated for the first time the economic burden of cervical can-

cer from the societal perspective in Eswatini. We believe that the assumptions in our calcula-

tions are plausible. We followed the Eswatini standardized cancer care guidelines and expert

information to inform variables/parameters considered for this analysis.

Our cost estimates for direct costs were consistent to those of other studies [11, 14]. To

address the information gap, part of the clinical management data on screening and treatment

was obtained from physicians with expert knowledge in the prevention and treatment of cervi-

cal intraepithelial neoplasia.

The paramount limitations were lack of national cumulative risk for mortality for women

due to other causes, such that we were limited to adjust costs associated with premature mor-

tality based on life expectancy. Also, the lack of cost index in Eswatini may to result to cost var-

iation. However, to account for uncertainties, costs were varied against estimates that are

normally used in this type of studies. Also, the lack of screening outcome data particularly his-

tology results was another limitation. This underscores the need for organized surveillance sys-

tems for cervical cancer screening and management in Eswatini.
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We also estimated transport cost and time for seeking health care based on the patients

receiving follow-up treatment at Mbabane Government Hospital (National Referral Hospital).

Transport cost for at least one companion per patient visit were also included. This partially

demonstrated caregivers’ costs. However, the presented costs could be underestimated as the

study did not estimate costs associated with care outside the hospital, including caregivers’

time, yet these have been reported to be among the main cost drivers in studies investigating

other diseases in sub-Saharan Africa [38, 39].

In this study we employed the human capital approach to estimate the value of lost produc-

tivity due to time for seeking health care and premature mortality. This method is grounded in

the economic theory and is based on the assumption that companies employ labor until the

marginal value of an employee’s work productivity is equal either to the marginal cost of labor

or to the employee’s gross wage [21]. This method discriminates individuals above retirement

age and overestimates the costs of lost production because it disregards potential work replace-

ment which eventually results in diminished production losses. Our proportion of the total

annual costs constituted by indirect costs were consistent with those observed in other cost of

illness studies [24, 30, 37, 40].

Our study presents the amount the country spent in 2018 on prevention, screening, man-

agement and treatment of CIN and cervical cancer from a societal perspective. We demon-

strated how costs were distributed between direct and indirect costs within cervical cancer

screening and management. This will provide health policy-makers new insights into where

resources are spent.

The results are relevant to Eswatini, where introduction of a nonavalent (Gardasil 9) HPV

vaccine (against HPV 6, 11, 16, 18, 31, 33, 45, 52 and 58) (GlaxoSmithKline and Merck & Co.)

program is under consideration. To date, there have been a number of studies demonstrating

that the vaccine reduces lifetime risks of cervical cancer induced by HPV types by 47% to

100% depending on age of coverage [31, 41, 42]. It is believed that implementation of orga-

nized prophylactic HPV vaccination will lead to greater amounts of resources spared which

otherwise would have been used in the management of invasive cervical cancer.

The economic burden associated with prevention, management and treatment of CIN and

cervical cancer in Eswatini is substantial. It is expected that this will increase significantly due

to the increasing incident rate compounded by a high HIV prevalence rate among the repro-

ductive age groups [36].

Conclusion

Our findings provide reference for future economic evaluations for assessing HPV vaccination

of both genders in Eswatini. Strategies for the prevention and early detection of pre-cervical

cancer lesions and cancer should be prioritized. Introducing HPV vaccine is likely to result to

public health care resource savings that are currently directed toward invasive cancer manage-

ment with limited life-saving benefits.
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