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Abstract 

Background: The World Health Organization (WHO) has developed a costing tool, the Cervical Cancer Prevention 
and Control Costing (C4P) tool, to estimate the comprehensive cost of cervical cancer primary, secondary and tertiary 
prevention in low- and middle-income countries. The tool was piloted in the United Republic of Tanzania, a country 
with a high incidence of cervical cancer with 62.5 cases per 100,000 women in 2020. This paper presents the costing 
tool methods as well as the results from the pilot in Tanzania.

Methods: The C4P tool estimates the incremental costs of cervical cancer prevention and control programmes. It 
estimates the financial (monetary costs to the government) and economic costs (opportunity costs). For the pilot, 
the study team collected data on costs and programme assumptions for human papillomavirus (HPV) vaccination of 
14-year-old girls and scaling up of cervical cancer screening (visual inspection with acetic acid and HPV-DNA testing) 
and treatment for women for 2020–2024. Assumptions were made on how vaccination coverage would increase over 
the 5 years as well as developing additional screening and treatment capacity through health personnel training and 
infrastructure strengthening.

Results: The total financial and economic costs of the comprehensive programme during 2020–2024 are projected 
to be US$68 million and US$124 million, respectively. The financial and economic costs of a fully immunized girl 
with HPV vaccine are estimated to be US$6.68 and US$17.31, respectively, while the costs per woman screened for 
cervical cancer are, on average, US$4.02 and US$5.83, respectively; US$6.44 and US$9.37 for pre-cancer treatment, 
respectively; and US$101 and US$107 for diagnosis of invasive cancer, respectively. The cost of treating and manag-
ing invasive cancer range from US$7.05 and US$7.83 for outpatient palliative care to US$800.21 and US$893.80 for 
radiotherapy, respectively.
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Background
Cervical cancer is the fourth most common cancer 
among women globally with 604,127 annual new cases 
and 341,831 deaths in 2020 [1]. The World Health 
Organization has launched a global strategy to accelerate 
countries to eliminate cervical cancer as a public health 
problem by the end of this century [2]. This strategy 
proposes to reduce cervical cancer incidence and mor-
tality through reaching by 2030 and maintaining along 
the years the following targets: 90% coverage for the full 
course of human papillomavirus (HPV) vaccination for 
girls by 15 years of age, 70% screening coverage of eligible 
women twice in their lifetime by 35 and 45 years of age 
with a high-performance test and provision of treatment 
and management care for 90% of women with pre-cancer 
and invasive cancer.

To assist countries to introduce programmes to prevent 
and control cervical cancer, the World Health Organiza-
tion developed the Cervical Cancer Prevention and Con-
trol Costing (C4P) tool [3] for the estimation of financial 
and economic costs over 5 years. The tool has two mod-
ules—one for estimating the incremental costs of intro-
ducing HPV vaccination (primary prevention) and the 
second for estimating the incremental costs of cervical 
cancer screening and treatment (secondary and tertiary 
prevention). An earlier paper [4] presented the assump-
tions and methods used for the first module. This paper 
will present the assumptions and methods used in the 
second module and the improvement in the first mod-
ule. It will also present the overall estimated incremental 
costs of introducing vaccination and screening and treat-
ment in Tanzania.

Tanzania had the fourth highest incidence rate of cervi-
cal cancer in the world in 2020 with 62.5 new cases per 
100,000 women (age-standardized to the world popu-
lation) [5]. Cervical cancer mortality is also high, with 
42.7 deaths per 100,000 (age-standardized to the world 
population) in 2020 [5]. Tanzania’s high incidence of cer-
vical cancer is linked to the burden of human immuno-
deficiency virus/acquired immunodeficiency syndrome 
(HIV/AIDS) in the country, with the HIV prevalence of 
female adults aged 15–49 at 6.0% in 2020 [6].

The Ministry of Health of Tanzania plans to reduce 
cervical cancer incidence and mortality [7] and reach 
elimination through scaling up prevention and control 

activities in the country. To inform domestic and external 
financial resource mobilization, the objective of this study 
is to estimate the financial and economic incremental 
cost of scaling up coverage of primary, secondary and ter-
tiary cervical cancer prevention in Tanzania from 2020 to 
2024. This study is a follow-up to the findings presented 
in an earlier 2012 publication [4] where the costs of intro-
ducing HPV vaccination in Tanzania were projected for 
the years 2011 to 2015. This study differs from the earlier 
one since it takes a comprehensive approach to prevent 
and control cervical cancer and includes projected costs 
of scaling up cervical cancer secondary and tertiary inter-
ventions in addition to vaccination as part of the global 
cervical cancer elimination strategy [2].

The Tanzanian cervical cancer prevention 
and control programme
The Tanzanian government has programmes to imple-
ment primary, secondary and tertiary prevention for cer-
vical cancer as shown in Table  1. The country through 
the national Immunization and Vaccine Development 
Programme (IVD) introduced HPV vaccination on a pilot 
basis in 2014 and then scaled up nationally as part of the 
routine programme in 2018. The IVD provides two doses 
to girls aged 14 years through the routine programme 
annually with two service delivery strategies: (1) vacci-
nation where girls visit health facilities to get the immu-
nization and (2) vaccination by health workers who visit 
schools located near facilities to immunize all 14-year-
old girls. It is assumed that the vaccine coverage in 2020 
for 14-year-old girls would be 70% in 2020, and the cov-
erage will increase to 85% by 2024.

The National Tanzanian Reproductive Health Pro-
gramme is managing the cervical cancer secondary and 
tertiary prevention service provision. It oversees screen-
ing with visual inspection with acetic acid (VIA) services 
in 136 out of 169 districts at zonal, regional referral and 
district hospitals and some health centres and dispen-
saries. By 2019, the programme had screened 11% of its 
eligible women. The programme managers plan to gradu-
ally ramp up VIA screening capacity from 794 in 2020 to 
all of its 6447 facilities by 2024. They also plan to scale up 
HPV-DNA screening from all 30 regional referral hospi-
tals beginning in 2020 to 88 facilities in 2024, including 
58 district hospitals.

Conclusions: The C4P costing tool can assist national cervical cancer programmes to estimate monetary resources 
needed as well as opportunity costs of reducing national cervical cancer incidence through primary, secondary and 
tertiary prevention.

Keywords: Costing, Cervical cancer, Human papillomavirus (HPV), Vaccines, Immunization programmes, Screening, 
Treatment, United Republic of Tanzania
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Women with a positive VIA or HPV screening test are 
treated with cryotherapy, if eligible, at the same visit in 
a single visit approach strategy (SVA) for small lesions 
and loop electrical excision procedures (LEEP) for larger 
lesions. Health providers offer cryotherapy at all regional 
referral hospitals, half of the district hospitals and health 
centres and some dispensaries (20%). LEEP is provided at 
all zonal and regional referral hospitals and a quarter of 
district hospitals.

Women who have lesions and are suspicious of cancer 
are referred for further evaluation and diagnosis with 
colposcopy and biopsies for histopathology assessment. 
If they are diagnosed with invasive cervical cancer, they 
are referred for treatment appropriate to the stage of the 
cancer, including radiotherapy, chemotherapy and/or 
palliative care. No surgery was available in the country 
for the treatment of invasive cancers. Treatment is pro-
vided at a few centres in the country—two regional refer-
ral hospitals for radiotherapy and 33 for chemotherapy. 
Outpatient palliative care is given at regional referral and 
district hospitals and health centres while inpatient pal-
liative care is given at regional referral hospitals.

Methods
The C4P tool [3] is an Excel-based country-specific 
costing and planning tool that facilitates data col-
lection and enables the user to estimate the value of 
incremental (additional) resources required to add the 
countrywide delivery of HPV vaccine to an existing 
immunization programme over a 5-year period and 
the resources required for scaling up cervical cancer 
screening and treatment services over a 5-year period. 
In other words, it only estimates the value of addi-
tional resources needed to introduce the vaccine or 
cervical cancer services and does not include the cost 

of the existing immunization or reproductive health 
programme or other goods and services (for example, 
transport) already being used for other vaccines (shared 
costs). The C4P tool separates costs into recurrent and 
capital as well as financial (monetary outlays) and eco-
nomic (opportunity costs) ones. Recurrent costs are 
the value of resources that last less than 1 year, such as 
supplies and personnel time, while capital costs are the 
value of resources that last more than 1 year, such as 
equipment or vehicles (see Table  2). Startup costs are 
the value of resources used in the initial one-time pro-
grammatic activities such as initial training and plan-
ning and are treated as capital goods and depreciated if 
their useful life lasts more than a year.

Financial costs are the monetary outlays paid for HPV 
vaccination or cervical cancer services such as supplies 
and commodities. Economic costs comprise the value 
of all outlays for vaccine introduction or screening and 
treatment, regardless of the source of funding, and take 
into account donated goods. For economic costs, the 
value of resources purchased by agencies other than the 
National Tanzanian Reproductive Health Programme, 
such as health personnel time costs and donated vac-
cines, are included. This analysis does not include the 
value of existing capital goods used to deliver services 
such as equipment when these are assumed to have 
excess capacity.

The current HPV vaccination module of the C4P tool 
has been improved compared to the version used in 
the previous exercise [4]. Depending on the objectives 
of the costing exercise, it can be used to either project 
costs in a 5-year period or retrospectively estimate 
cost expenditure in a 5-year period. Also, the tool can 
not only cost single-age cohort vaccination, but also 
multiple-age cohort vaccination, which is applicable 

Table 1 Implementation strategies for cervical cancer prevention and control in Tanzania, 2020–2024

a All hospitals include zonal, regional referral and district hospitals

Target population Intervention Sites providing services

Vaccination Girls aged 14 years 2 doses human papillomavirus vac-
cine [8]

Health centres, dispensaries, schools

Screening Women living with human immuno-
deficiency virus: 15–49 years
Women of the general population: 
30–49 years

Visual inspection with acetic acid
HPV-DNA

Health centres, dispensaries, all 
 hospitalsa

Regional referral and district hospitals

Pre-cancer treatment Women with a positive screening test Cryotherapy
Loop electrical excision procedures

Health centres, dispensaries, regional 
referral and district hospitals
All hospitals

Tertiary interventions for cancer Screened women suspicious of 
cancer

Diagnostics
Chemotherapy
Radiotherapy
Palliative care

All  hospitalsa

Regional referral hospitals
Regional referral hospitals
Health centres, regional referral and 
district hospitals
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to countries that newly introduce HPV vaccine for the 
recommended age group and for catch-up in an older 
age group.

The C4P tool was used to compare the alternative 
strategies and ultimately to focus on the detailed cost-
ing of the strategic plan [3]. The costs of cervical cancer 
prevention and control interventions were projected for 
a 5-year period, 2020–2024. The HPV vaccination mod-
ule (version 4.1) is used to project costs of vaccinating 
14-year-old girls while the screening and treatment mod-
ule (version 47.6.5) project the cost of providing cervical 
cancer services for two target populations: (1) women 
living with HIV that start screening at 15 years and (2) 
women from the general population that start screening 
at 30 years. Table 3 shows the activities that are costed in 
the two modules.

Costing screening and treatment services is more com-
plicated than vaccination since it comprises seven ser-
vices rather than one: two for screening, two for treating 
pre-cancer and three for diagnosis and treatment of inva-
sive cancer. The cost per cervical cancer service includes 
health personnel time, supply and materials, capital 
goods and other costs. The assumptions and data sources 
made in the estimation of vaccination, screening and 
treatment costs for each service are shown in Table 3.

All costs are reported in 2019 US dollars (US$).

Data collection
The study team, comprising health economists, repro-
ductive health specialists and epidemiologists, collected 
the data during two workshops in February and April 
2019 in Dar Es Salaam with immunization and cervical 
cancer programme managers; the Ministry of Health, 
Community Development, Gender, Elderly and Chil-
dren (MOHCDEC); and external partners (Joint United 
Nations Programme on HIV/AIDS, United States Center 
for Disease Control, Clinton Health Access Initiative, 

Johns Hopkins Program for International Education 
in Gynecology and Obstetrics, and London School of 
Hygiene and Tropical Medicine and WHO consultants). 
All participants attended the meetings in person. They 
collected information on time spent on service delivery 
using expert opinion, numbers of facilities/sites provid-
ing services, information on pricing and salaries and 
financial records on expenditures on planning, training, 
sensitization and monitoring as well as plans for scaling 
up service delivery.

Results
HPV vaccination costs
Table  4 shows the projected costs of the HPV vaccina-
tion during 2020–2024. The total annual financial costs, 
i.e. the monetary outlays by the government, range from 
US$3.2 million in 2020 to US$4.1 million in 2024, while 
the annual economic costs range from US$8.3 million to 
US$10.8 million. Economic costs are higher than finan-
cial ones since these include the value of donated vac-
cines and existing health personnel salaries. The financial 
and economic costs per fully immunized girl (FIGs) are 
projected to be US$6.68 and US$17.31, respectively. 
The cost drivers for both financial and economic costs 
are vaccine and injection supply procurement (58.1% 
and 71.4%, respectively) and service delivery (33.4% and 
24.0%, respectively) comprising personnel, per diem and 
transport (see Fig. 1 for a pie chart on financial cost dis-
tribution). Programmatic costs (including microplan-
ning, training, sensitization, monitoring and supervision) 
account for about 8.4% of total financial costs and 4.5% of 
economic costs.

Cervical cancer secondary and tertiary prevention 
programme costs
Table  5 shows the estimated unit cost per screening 
and treatment service based on the assumptions of the 

Table 2 Activities for HPV vaccination and cervical cancer screening and treatment costed in the C4P tool

DNA deoxyribonucleic acid, HPV human papillomavirus, LEEP loop electrosurgical excision procedure, VIA visual inspection with acetic acid
a Designated as capital costs if one-time cost and useful life is more than 1 year

HPV vaccination Cervical cancer screening and treatment

Startup costsa Microplanning
Training
Sensitization/social mobilization

Programme planning/microplanning
Training
Sensitization/social mobilization/communication

Recurrent
Service delivery
Programmatic

Vaccine procurement
Personnel time
Per diems and travel allowances
Monitoring and supervision

Procurement of supplies
Personnel time
Laboratory tests
Monitoring and supervision

Capital Cold chain
Other capital goods

VIA and HPV-DNA equipment
Cryotherapy machines
LEEP machine and other equipment
Radiotherapy treatment



Page 5 of 10Levin et al. BMC Medicine          (2022) 20:384  

Ta
bl

e 
3 

In
pu

ts
 u

se
d 

in
 c

er
vi

ca
l c

an
ce

r p
re

ve
nt

io
n 

an
d 

co
nt

ro
l s

er
vi

ce
s

AM
O

 a
ss

is
ta

nt
 m

ed
ic

al
 o

ffi
ce

r, 
CS

D
R 

co
m

pr
eh

en
si

ve
 s

cr
ee

ni
ng

, d
ia

gn
os

tic
 a

nd
 re

fe
rr

al
, D

N
A 

de
ox

yr
ib

on
uc

le
ic

 a
ci

d,
 E

N
 e

nr
ol

le
d 

nu
rs

e,
 H

IV
 h

um
an

 im
m

un
od

efi
ci

en
cy

 v
iru

s, 
H

PV
 h

um
an

 p
ap

ill
om

av
iru

s, 
LE

EP
 lo

op
 

el
ec

tr
os

ur
gi

ca
l e

xc
is

io
n 

pr
oc

ed
ur

e,
 M

D
A 

M
ed

ic
al

 D
ev

ic
e 

Au
th

or
ity

, M
O

 m
ed

ic
al

 o
ffi

ce
r, 

N
H

IF
 N

at
io

na
l H

ea
lth

 In
su

ra
nc

e 
Fu

nd
, P

H
 p

hy
si

ci
st

, R
N

 re
gi

st
er

ed
 n

ur
se

, R
T 

ra
di

ot
he

ra
pi

st
 te

ch
ni

ci
an

, U
N

FP
A 

U
ni

te
d 

N
at

io
ns

 
Po

pu
la

tio
n 

Fu
nd

, V
IA

 v
is

ua
l i

ns
pe

ct
io

n 
w

ith
 a

ce
tic

 a
ci

d,
 W

H
O

 W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n

Va
ri

ab
le

 n
am

e
A

ss
um

pt
io

n
So

ur
ce

Va
ri

ab
le

 n
am

e
A

ss
um

pt
io

n
So

ur
ce

Va
cc

in
at

io
n

Sc
re

en
in

g 
an

d 
tr

ea
tm

en
t

Ta
rg

et
 p

op
ul

at
io

n
14

-y
ea

r-
ol

d 
gi

rls
; 6

70
,9

05
N

at
io

na
l B

ur
ea

u 
of

 S
ta

tis
tic

s
Ta

rg
et

 p
op

ul
at

io
n

W
om

en
 li

vi
ng

 w
ith

 H
IV

 a
ge

d 
15

–4
9 

ye
ar

s: 
7,

85
2,

28
0

W
om

en
 in

 th
e 

ge
ne

ra
l p

op
ul

at
io

n 
ag

ed
 3

0–
49

 y
ea

rs
: 5

,8
02

,9
63

W
or

ld
 P

op
ul

at
io

n 
Pr

os
pe

ct
s 

20
19

Va
cc

in
at

io
n 

si
te

H
ea

lth
 fa

ci
lit

y:
 4

0%
A

t s
ch

oo
l: 

55
%

M
ob

ile
 o

ut
re

ac
h:

 5
%

Pr
og

ra
m

m
e 

m
an

ag
er

s
%

 w
om

en
 a

ss
um

ed
 to

 b
e 

liv
in

g 
w

ith
 H

IV
15

–2
9 

ye
ar

s: 
3.

1%
30

–4
9 

ye
ar

s: 
10

.5
%

Ta
nz

an
ia

 H
IV

 Im
pa

ct
 S

ur
ve

y 
20

16
–1

7 
[9

]

Co
ve

ra
ge

 (s
ec

on
d 

do
se

 o
f 

2-
do

se
 v

ac
ci

ne
)

20
20

: 7
0%

20
21

: 7
2%

20
22

: 7
5%

20
23

: 8
0%

20
24

: 8
5%

W
or

ks
ho

p 
ex

pe
rt

 o
pi

ni
on

Sc
re

en
in

g 
co

ve
ra

ge
20

20
: 1

5%
20

21
: 2

0%
20

22
: 2

5%
20

23
: 3

0%
20

24
: 3

5%

W
or

ks
ho

p 
ex

pe
rt

 o
pi

ni
on

Tr
ai

ni
ng

Co
un

ci
l c

as
ca

de
 a

nd
 a

nn
ua

l 
re

fre
sh

er
s

Ex
pe

rt
 o

pi
ni

on
Ep

id
em

io
lo

gy
 e

va
lu

at
io

n/
qu

al
ity

 
as

su
ra

nc
e 

of
 th

e 
pr

og
ra

m
m

e
H

PV
−

: 9
0.

2%
H

PV
+

/n
on

e:
 1

.6
%

Sm
al

l l
es

io
ns

: 4
.8

%
La

rg
e 

le
si

on
s: 

0.
4%

In
va

si
ve

 c
an

ce
r: 

3.
0%

Pr
og

ra
m

m
e 

m
an

ag
er

s

Co
ld

 c
ha

in
N

o 
ad

di
tio

na
l c

ol
d 

ch
ai

n 
re

qu
ire

d
Pr

og
ra

m
m

e 
m

an
ag

er
s

Re
sc

re
en

in
g 

# 
of

 y
ea

rs
H

IV
+

: 3
.0

 y
ea

rs
H

IV
−

: 5
.0

 y
ea

rs
Pr

og
ra

m
m

e 
m

an
ag

er
s

H
ea

lth
 s

ta
ff 

tim
e

5 
m

in
 n

ur
se

 o
r m

ed
ic

al
 a

tt
en

da
nt

 
pe

r v
ac

ci
na

tio
n

W
or

ks
ho

p 
ex

pe
rt

 o
pi

ni
on

H
ea

lth
 s

ta
ff 

tim
e

W
or

ks
ho

p 
ex

pe
rt

 o
pi

ni
on

H
PV

-D
N

A
 te

st
15

 m
in

 (R
N

)

VI
A

20
 m

in
 e

ac
h 

(R
N

, E
N

)

C
ry

ot
he

ra
py

20
 m

in
 e

ac
h 

(R
N

, E
N

)

LE
EP

35
 m

in
 (s

pe
ci

al
is

t, 
M

O
, A

M
O

)

C
SD

R
40

 m
in

 e
ac

h 
(o

nc
ol

og
is

t, 
EN

)

C
he

m
ot

he
ra

py
72

0 
m

in
 o

nc
ol

og
is

t, 
25

20
 m

in
 

(R
N

, E
N

)

Ra
di

ot
he

ra
py

13
5 

m
in

 M
O

, 1
80

 m
in

 (R
N

, P
H

), 
28

0 
m

in
 R

O
, 5

00
 m

in
 R

T

Pa
lli

at
iv

e 
ou

t/
in

15
 m

in
 A

M
O

Lo
ca

l s
ch

oo
l v

is
it 

tr
an

sp
or

t
Pe

r d
ie

m
 a

llo
w

an
ce

 o
f U

S$
13

 
(3

0,
00

0 
TZ

A
) a

nd
 tr

an
sp

or
t a

llo
w

-
an

ce

Pr
og

ra
m

m
e 

m
an

ag
er

s
Ex

is
tin

g 
eq

ui
pm

en
t w

ith
 e

xc
es

s 
ca

pa
ci

ty
 (n

ot
 c

os
te

d)
W

ai
tin

g 
ar

ea
, e

xa
m

in
at

io
n 

ar
ea

, 
gy

na
ec

ol
og

ic
al

 e
xa

m
in

at
io

n 
co

uc
h

W
or

ks
ho

p 
in

te
rv

ie
w

s

Va
cc

in
e 

pr
ic

e 
pe

r d
os

e
U

S$
4.

50
 p

er
 d

os
e

G
av

i
La

bo
ra

to
ry

 te
st

 p
ric

es
N

ot
 a

pp
lic

ab
le

N
H

IF
 p

ric
e 

sc
he

du
le

D
on

at
io

ns
80

%
 o

f v
ac

ci
ne

, i
nj

ec
tio

n 
su

pp
lie

s 
an

d 
sh

ip
pi

ng
 d

on
at

ed
 b

y 
G

av
i

G
av

i
Eq

ui
pm

en
t p

ric
es

N
ot

 a
pp

lic
ab

le
M

D
A

, U
N

FP
A

, U
N

IC
EF

, W
H

O

A
ss

um
pt

io
ns

 re
le

va
nt

 to
 b

ot
h 

pr
ev

en
tio

n 
an

d 
co

nt
ro

l s
er

vi
ce

s

 
Ex

ch
an

ge
 ra

te
23

04
 T

ZA
 to

 U
S$

1
O

an
da

D
is

co
un

t r
at

e
7.

0%
 (B

an
k 

of
 T

an
za

ni
a)

Ce
nt

ra
l b

an
k 

ra
te



Page 6 of 10Levin et al. BMC Medicine          (2022) 20:384 

prices and quantities of resources needed. The service 
with the lowest cost is VIA screening, and the costliest 
one is radiotherapy cancer therapy.

Table  6 presents the projected costs of cervical can-
cer secondary and tertiary prevention programme costs 
during 2020–2024. The total cost of the programme 
over 5 years is projected to be US$49.9 million and 
US$78.20 million for financial and economic costs, 
respectively. Most of the projected costs are for service 
delivery (82% for financial costs and 72% for economic 
costs). The remaining projected financial and economic 
costs (18% and 28%, respectively) are for programmatic 
costs, i.e. monitoring and supervision, programme 
planning/microplanning, training and sensitization/
social mobilization.

Among all services, the largest share of projected 
costs is for screening, followed by diagnosis and 

cervical cancer treatment. The largest share of pro-
grammatic costs is for sensitization/social mobilization.

Total costs
The total financial cost of comprehensive prevention 
and control over 5 years are projected to be US$67.6 
million (annually US$11.2 to US$15.6 million), while 
total economic costs are projected to be US$123.6 mil-
lion (annually US$21.1 to US$28.0 million) when all 
costs regardless of their source are included. The pro-
jected financial costs of screening and treatment are 
more than twice as costly as vaccination and 1.6 times 
as great as economic costs. The costliest service for 
financial costs is screening and pre-cancer treatment 
and vaccination for economic costs (due to the inclu-
sion of donated vaccines) (Table 7).

Table 4 Costing summary of HPV vaccination in 2020–2024 (2019 US dollars)

FIG fully immunized girls; costs reported in 2019 US dollars (US$)
a Refers to 20% vaccine purchase and freight, handling and insurance charges
b Due to substantial one-time costs necessarily being spread over the 5 years and personnel costs being calculated per vaccination, the per FIG annual costs would 
not adequately reflect service volume. See instead the aggregate costs divided by the total numbers of fully immunized girls for the 5 years in the “Total” column

2020 2021 2022 2023 2024 Total Percentage

Coverage

 First dose 80% 82% 85% 87% 90% 85% NA

 Second dose 70% 72% 75% 80% 85% 77%

 Drop-out 12.5% 12.2% 11.8% 8% 5.6% 12.5%

Financial

 Startup (US$000s) (annualized)

  Microplanning 25 25 25 25 25 125 0.7

  Training 78 78 78 78 78 386 2.1

  Sensitization 78 78 78 78 78 390 2.1

 Recurrent (US$000s)

  Vaccine  procurementa 1853 1962 2101 2261 2443 10,621 58.1

  Service delivery 1066 1128 1208 1302 1405 6108 33.4

  Monitoring and supervision 129 129 129 129 129 644 3.5

 Total financial costs (US$000s) 3229 3400 3619 3874 4158 18275 100%
Economic

 Startup (US$000s) (annualized)

  Microplanning 30 30 30 30 30 138 0.3

  Training 105 105 105 105 105 481 1.0

  Sensitization 94 94 94 94 94 429 0.9

 Recurrent (US$000s)

  Vaccine procurement 5899 6244 6688 7200 7775 33,806 71.4

  Service delivery 1984 2100 2250 2422 2615 11,370 24.0

  Monitoring and supervision 220 220 220 220 220 1102 2.3

 Total economic costs (US$000s) 8332 8793 9387 10,071 10,839 47,327 100%
Number of FIGs 469,634 497,998 534,646 588,497 644,036 2,734,810 NA

Financial cost per FIG with vaccine costs NAb NAb NAb NAb NAb $6.68 NA

Economic cost per FIG with vaccine costs NAb NAb NAb NAb NAb $17.31 NA
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Discussion
The C4P tool allows programme managers working in 
low- and middle-income countries such as Tanzania 
to work with a study team and stakeholders to co-cre-
ate a projection of the incremental costs of scaling up 

their programmes, for primary, secondary and tertiary 
prevention. The tool is a central part of a process that 
allows programme managers to consider the financial 
implications of alternative approaches to scaling up a 
cervical cancer programme. Furthermore, it acts as a 

Fig. 1 Composition of financial costs of HPV vaccine delivery in 2020–2024

Table 5 Cervical cancer services’ projected numbers provided and costs in 2020–2024 (2019 US dollars)

DNA deoxyribonucleic acid, HPV human papillomavirus, LEEP loop electrosurgical excision procedure, VIA visual inspection with acetic acid

Screening and treatment service Projected number of services provided 
in 5 years

Financial cost per service Economic 
cost per 
service

Screening

 VIA 4,750,216 $3.66 $5.54

 HPV-DNA testing 327,364 $9.20 $10.03

Pre-cancer

 Cryotherapy 117,549 $5.14 $7.21

 LEEP 9796 $56.79 $70.03

Cancer

 Diagnosis 73,615 $100.65 $106.60

 Chemotherapy 18,395 $292.56 $574.52

 Radiotherapy 7361 $800.21 $893.80

 Palliative care (outpatient) 9325 $7.05 $7.83

 Palliative care (inpatient) 491 $33.57 $34.36
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catalyst for key stakeholders to engage in substantive 
discussions about how they can coordinate their efforts 
to avoid bottlenecks and gaps in the service delivery 

workflow. As the process of completing the tool pro-
gresses, programme managers, policymakers, donors 
and funders ideally will reach a convergence in their 

Table 6 Costing summary of cervical cancer secondary and tertiary prevention in 2020–2024 (2019 US dollars)

a Drop-out rate assumes high loss to follow-up for the treatment of pre-cancer due partly to logistical difficulties for cryotherapy and LEEP and for invasive cancer due 
to the limited availability of tertiary health centres

2020 2021 2022 2023 2024 Total Percentage

Coverage assumptions

 Screening 15% 20% 25% 30% 35% N/A N/A

 aDrop-out for treatment if HPV+ 50% 50% 50% 50% 50% N/A N/A

Financial costs (000s)
 Service delivery
  Screening 2712 3467 4119 4783 5333 20,413 40.9%

  Pre-cancer 208 230 243 233 246 1161 2.3%

  Diagnosis and cancer 3320 3816 4026 3865 4077 19,105 38.3%

 Programmatic support
  Microplanning 62 62 62 62 62 310 0.6%

  Training 64 64 64 64 64 320 0.6%

  Sensitization/social mobilization 1505 1505 1505 1505 1505 7526 15.1%

  Monitoring and supervision 204 204 204 204 204 1020 2.0%

 Total financial costs 8075 9348 10,223 10,717 11,491 49,853 100%
Economic costs (000s)
 Service delivery
  Screening 4130 5120 6041 6779 7550 29,620 37.9%

  Pre-cancer 276 305 321 308 324 1534 2.0%

  Diagnosis and cancer 4458 5102 5328 5155 5394 25,427 32.5%

 Programmatic support
  Microplanning 151 151 151 151 151 755 1.0%

  Training 92 92 92 92 92 460 0.6%

  Sensitization/social mobilization 3748 3748 3748 3748 3748 18,741 24.0%

  Monitoring and supervision 330 330 330 330 330 1651 2.1%

 Total economic costs 13,185 14,848 16,011 16,562 17,579 78,423 100%

Table 7 Total projected costs of cervical cancer prevention and control in 2020–2024 (2019 million US dollars)

Programme areas 2020 2021 2022 2023 2024 Total Percentage

Financial
 Costs of HPV vaccination (including programmatic costs) 3.2 3.4 3.6 3.9 4.2 18.3 27.1%
 Service delivery costs of screening and pre-cancer treatment 2.9 3.6 4.3 4.9 5.5 21.2 31.4%
 Service delivery costs of cancer diagnosis, treatment and palliative care 3.3 3.8 4.0 3.9 4.1 19.1 28.3%
 Programmatic costs of secondary and tertiary prevention 1.8 1.8 1.8 1.8 1.8 9.2 13.3%
 Total 11.2 12.6 13.7 14.5 15.6 67.6 100.0%
Economic
 Costs of HPV vaccination (including programmatic costs) 8.3 8.8 9.4 10. 10.8 47.3 38.3%
 Service delivery costs of screening and pre-cancer treatment 4.3 5.4 6.3 7.0 7.8 30.8 24.9%
 Service delivery costs of cancer diagnosis, treatment and palliative care 4.5 5.1 5.3 5.2 5.4 25.5 20.6%
 Programmatic costs of secondary and tertiary prevention 4.0 4.0 4.0 4.0 4.0 20.0 16.2%
 Total 21.1 23.3 25.0 26.6 28.0 123.6 100%
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understanding of what needs to be done and how much 
it will cost to do it. This, in turn, aids champions of a 
cervical cancer programme to plan and advocate for 
resources for their programme so that they can reach 
their goals of reductions in mortality and morbidity 
and eventually elimination.

The process to estimate the costs of scaling up a com-
prehensive cervical cancer programme involves setting 
up a team of health economists, epidemiologists, clini-
cians and programme managers from both the immuni-
zation and the cancer units or programmes. Using the 
C4P tool effectively requires a trained health economist 
to be part of the study team and therefore involves train-
ing local health economists to use the tool. An addi-
tional benefit of the process is that the health system is 
strengthened since the capacity of local health econo-
mists in costing health programmes is improved.

The results of the pilot in Tanzania indicate that the 
cost driver for vaccination is vaccine procurement (58% 
and 71% of financial and economic costs, respectively). 
For non-vaccine costs, the cost driver is service deliv-
ery (33% and 24%, respectively), i.e. personnel salaries 
(for economic costs), transport and per diem. Program-
matic activities (i.e. microplanning, training, sensitiza-
tion and monitoring and evaluation) comprise a smaller 
proportion (8% of financial costs and 5% of economic 
costs) since these improve service demand and quality. 
The costliest programmatic activity is monitoring and 
supervision.

When the projected costs of vaccination are compared 
to the 2012 study by Hutubessy et  al. in Tanzania [4], 
these decreased by 37% due to a change in the number 
of doses of HPV vaccines and a lower percentage of vac-
cinations taking place at schools. That is, the WHO rec-
ommended number of vaccine doses per girl has declined 
from three to two [8], leading to lower projected costs 
for procurement. In addition, in the 2012 study, it was 
assumed that all vaccines would be given at schools while 
this study assumes that approximately half of the target 
population would be vaccinated in health facilities and 
the other half in schools, leading to lower service delivery 
costs. Other projected costs have increased in this study, 
e.g. the cost per service delivery visit has increased due to 
higher per diems and travel allowances.

The projected financial annual costs of cervical can-
cer screening and treatment range from $8.0 million in 
2020 to $11.4 million in 2024 while projected economic 
annual costs range from $13.1 million in 2020 to $17.5 
million in 2024. The service with the highest share of 
costs is screening (combination of VIA and HPV-DNA 
testing) since the projected service volume is signifi-
cantly higher than that for pre-cancer and cancer services 
even though the latter costs per service are much higher. 

Programmatic costs also comprise a large share, i.e. 16.3% 
and 25.6% for financial and economic costs, respectively.

To understand the context of implementing cervical 
cancer prevention and control in Tanzania, the propor-
tion of the annual health budget that would be required 
to finance the programme was calculated. The estimated 
proportion of the annual 2020/2021 health budget of 
Tanzania [10] that would be required is 1.4%, and this 
suggests that a comprehensive prevention and control 
programme is likely to be affordable.

The costs of screening and treatment are similar to 
those found in other studies in low- and lower-middle-
income countries. The cost of a woman screened with 
VIA in other studies US$3.33 [11] to US$3.67 [12] com-
pares well with US$3.66 to US$5.44 in this study. The cost 
of a woman screened with HPV-DNA testing in other 
studies [US$6.27 to US$15.92] [13] is in the range of this 
study’s estimates [US$9.20 to US$10.03]. The estimate of 
a cryotherapy service in this study, US$5.14 to US$7.21, 
is lower, however, than in other studies, e.g. US$38 [11] 
or US$28.97 [12], possibly because the costs of equip-
ment were calculated differently, i.e. these were divided 
by total national expected cases rather than by the num-
ber of cases referred to tertiary or referral hospitals. The 
costs of cancer services in this study, though, are similar 
to those found in Nelson et al. [14].

This study has some limitations. The first limitation of 
our study is that we illustrated the application of the C4P 
tool based only on the Tanzania Strategic Plan Cervi-
cal Cancer Prevention and Control [7], which had been 
developed before new WHO guidelines for cervical can-
cer prevention and control had been published. The C4P 
tool has the capability of comparing scenarios and could 
potentially have been used to calculate the costs of rel-
evant alternative strategies such as 1-dose HPV vaccine 
regimes, self-collected samples for HPV testing and ther-
mal ablation. The second limitation relates to the short 
5-year study period of the C4P tool, which reflects its 
emphasis on programme management rather than poli-
cymaking. The impact of vaccination is realized only in 
the longer term, and so the significant cost savings of 
reductions in treatment for pre-cancer and for down-
staged invasive cancer are not captured by the tool. The 
third limitation is that data collection did not include the 
sampling of health facilities due to the limited time frame 
and budget for the study. A final limitation of the C4P 
tool is that a formal uncertainty or sensitivity analysis is 
not included in the tool itself.

If Tanzania can scale up these services for the pre-
vention and control of cervical cancer, there will be an 
important impact on cervical cancer morbidity and 
mortality over the medium and long term. The impact, 
though, will be affected by whether there is compliance 
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with referrals and accurate diagnoses and effective treat-
ment. So, it will be important during the scale-up not 
only to focus just on increasing the number of sites that 
provide services but also to ensure the quality of services. 
It will also be important to ensure the equity of service 
provision and access to screening and pre-cancer services 
at lower levels of the health system.

Conclusions
The C4P tool modules for vaccination and screening 
and treatment can assist national cervical cancer pro-
grammes to estimate monetary resources needed as well 
as opportunity costs of reducing national cervical can-
cer incidence through primary, secondary and tertiary 
prevention.
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