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Abstract

Objective: To compare the cost-effectiveness of different treatments for cervical in-
traepithelial neoplasia (CIN).

Design: A cost-effectiveness analysis based on data available in the literature and
expert opinion.

Setting: England.

Population: Women treated for CIN.

Methods: We developed a decision-analytic model to simulate the clinical course of
1000 women who received local treatment for CIN and were followed up for 10years
after treatment. In the model we considered surgical complications as well as onco-
logical and reproductive outcomes over the 10-year period. The costs calculated were
those incurred by the National Health Service (NHS) of England.

Main outcome measures: Cost per one CIN2+ recurrence averted (oncological out-
come); cost per one preterm birth averted (reproductive outcome); overall cost per
one adverse oncological or reproductive outcome averted.

Results: For young women of reproductive age, large loop excision of the transforma-
tion zone (LLETZ) was the most cost-effective treatment overall at all willingness-to-
pay thresholds. For postmenopausal women, LLETZ remained the most cost-effective
treatment up to a threshold of £31,500, but laser conisation became the most cost-
effective treatment above that threshold.

Conclusions: LLETZ is the most cost-effective treatment for both younger and older
women. However, for older women, more radical excision with laser conisation could
also be considered if the NHS is willing to spend more than £31,500 to avert one
CIN2+ recurrence.
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1 | INTRODUCTION

There are two broad strategies for the local treatment of
cervical intraepithelial neoplasia (CIN): excisional and ab-
lative treatments. Excisional techniques include cold knife
conisation (CKC), laser conisation, needle excision of the
transformation zone (NETZ), Fischer cone biopsy excision
(FCBE) and large loop excision of the transformation zone
(LLETZ). Ablative techniques include radical diathermy,
laser ablation, cold coagulation (also known as thermal
ablation) and cryotherapy. The choice of technique varies
within the UK and across different countries. In the UK,
LLETZ is the preferred treatment, with some units offering
alternative techniques more frequently than others. This
preference is because LLETZ is quick, is easy to perform
and is low cost. In some countries, CKC is still regularly
performed; in others, laser conisation or ablation is com-
mon practice.

Although complications from treatment were previously
thought to be relatively mild and uncommon, an increasing
body of retrospective observational studies and meta-analyses
suggest that treatment, particularly excision, adversely affects
future reproduction and the risk of prematurity.* The fre-
quency and severity of the observed adverse events is higher for
more radical techniques and with increasing cone length."*¢
However, concerns have been raised that the progressive re-
duction in radicality of treatment has led to an increased risk
of invasion in the years following the treatment.”® A previ-
ously published Cochrane systematic review of randomised
controlled trials reported no evidence of a difference in treat-
ment failure rates among treatment techniques; this review,
however, was grossly underpowered to detect the possibly
small relative effects among the available treatments.’

We have recently published a network meta-analysis
(NMA) assessing the comparative effectiveness and repro-
ductive morbidity of various treatment techniques.'® More
radical treatments (such as CKC and laser conisation) were
associated with a lower risk of treatment failure but a higher
risk of preterm birth, as compared with less radical treat-
ments (such as LLETZ and ablation). LLETZ achieved the
optimal balance in the trade-off between treatment failure
and preterm birth rates, although, ultimately, the choice of
treatment should consider the woman's age, the location and
severity of the lesion, and the woman's fertility wishes.

Although absolute risks may help with counselling and
clinical decision making, the assessment of cost-effectiveness

is important to inform public health policies and to optimise
the allocation of healthcare resources. The aim of this study
was to evaluate the cost-effectiveness of alternative local
treatment techniques for CIN in England from the National
Health Service (NHS) perspective, based on data published
in our recent NMA."

2 | METHODS

We developed a cost-effectiveness model that simulated the
clinical course of women who received CIN treatment in
England, over a 10-year period after treatment. We involved
patient representatives in the design of this study and the
prioritisation of the clinical questions.

2.1 | Population

Our population represented a simulated cohort of 1000
women with a median age of 30years and a prior history of
local surgical treatment for CIN2 or worse (CIN2+). The age
profile of the cohort corresponded to that of women receiv-
ing CIN treatment in England, with the assumption that the
age distribution of the treated women is the same as that
of women with high-grade cytological abnormalities."" We
only included women with type-1 or type-2 transformation
zones.

2.2 | Treatment

The treatment modalities evaluated in the cost-
effectiveness model were selected based on the findings
of our previously published NMA," and included CKC,
laser conisation, laser ablation, cryotherapy and LLETZ;
women treated with LLETZ had the endocervical canal re-
moved in a single piece, and no women were treated with
top-hat LLETZ. We selected LLETZ as the ‘usual care’
strategy (comparator), based on its high prevalence of
use in England. Our analysis did not include radical dia-
thermy, because this technique is no longer used, and nor
did it include FCBE or NETZ, because these techniques
were not evaluated in the NMA, owing to a lack of studies.
Furthermore, we did not include cold coagulation in the
main analysis because the data on cold coagulation from
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the NMA were very limited; as a result of the limited data,
we only included cold coagulation in a separate analysis,
presented in Appendix S1.

2.3 | NHS clinical pathway

Our model (Figure 1) was informed by the NHS clinical
pathway for post-treatment follow-up.'? Treated women who
failed the ‘test of cure’ at 6 months (i.e. women who tested
positive for high-risk human papillomavirus, hrHPV+) had
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reflex cytology and colposcopy. Women who were hrHPV-
were discharged and recalled at 3 years. We relied on the data
from the NMA," unpublished NHS audit data and expert
opinion to estimate the probability of progression in the
model.

24 | Outcomes

For our main analysis we considered oncological and repro-
ductive outcomes (as defined in the NMA).*° For oncological

Abn(;rma.l —— Further follow-up} —‘ 1
hrHPYV positive Cytology and .
Initial at6m Colposcopy at 6 m q N
treatment hrHPV at6m—— ) Normalig— Dlsecal:‘?rgrict:l? - ‘ 2
with CKC hrHPV Discharge to3- ‘ 3 yearly
followed by: negative at 6m yearly recall
Abm:rmal —— Further follow-upi 4 1
Initial hrHPYV positive Cytology and .
treatment at 6m Colposcopy at 6 m q
with laser hrHPVat 6m— Normalf —— Dlsch;lrge tolf' —‘ 2
i hrHPV Discharge to 3- yearly reca
conisation negative at 6 m yearly recall =~ 3
followed by:
A"“‘:"““‘ —— Further follow-up} —4 1
Initial hrHPYV positive Cytology and .
treatment at6m Colposcopy at 6 m .
WHICH Discharge to 3-
i hrHPV at 6m —— —_— A 2
TREATMENT? I nith laser e —@ hrHPV Discharge to 3- 3 Normalf yearly recall <
ablation 8 — —4
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treatment at6m Colposcopy at 6 m q n
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A"“‘f“‘“' —— Further follow-up} —‘ 1
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treatment at 6m Colposcopy at 6 m 7 n
M icn hrHPVat6m— (1 Normaty — Do e 2
LLETZ hrHPV Discharge to 3- ‘ 3 yearly
i 1 11
followed by: negative at 6 m yearly recal

FIGURE 1 Decision tree model on post-treatment follow-up in the NHS. The blue square (choice node) represents the range of treatments from
which a clinician might choose. The green shape (chance node) represents an event with multiple possible outcomes, each of which has a specific
probability. The red triangle (terminal node) represents a pay-off (i.e. end point measured in terms of health effects and NHS costs). For costs of

payoffs 1-3, see Table S1. For probability of hrHPV+ at 6 months (first chance node), see Table S2. In the second chance node, the probability of abnormal
cytology or colposcopy was 20%, and the probability of normal cytology and colposcopy was 80% (audit data). *Cytological result of ASC-H+, colposcopic
impression of CIN1+ or CIN1+ on biopsy (if biopsies were taken during colposcopy). "Cytological result of <LSIL, no colposcopic impression of CIN and
no CIN on biopsy (if biopsies were taken during colposcopy). ‘Follow-up with hrHPV test, +cytology, +colposcopy, +biopsies; repeat treatment when
CIN2+ was diagnosed during follow-up (for total rates of CIN2+ after each technique, see Table S3). ASC-H, atypical squamous cells that cannot exclude
high-grade squamous intraepithelial lesion; CIN, cervical intraepithelial neoplasia; CKC, cold knife conisation; hrHPV, high-risk human papillomavirus;
LLETZ, large loop excision of the transformation zone; LSIL, low-grade squamous intraepithelial lesion; m, month(s); NHS, National Health Service.
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outcomes we considered the risk of testing hrHPV+ at
6 months after treatment as well as the risk of CIN2+ over
the following 10years after treatment; histology was used in
preference to cytology for the diagnosis of CIN2+4, if possible.
For reproductive outcomes we considered the risk of preterm
birth in subsequent pregnancies after treatment, defined as
delivery at <37weeks of gestation, and we further divided
preterm birth into moderate (32-36 weeks of gestation), se-
vere (28-31weeks of gestation) and extreme (<28 weeks of
gestation) subcategories.

We elicited absolute rates with plausible ranges for the
outcomes of interest from a group of three leading clinical
experts (DL, MK and PMH) (Tables S2-S4). The experts
gave their rates after assessing the results of the NMA, the
results from articles of the highest quality (randomised or
nonrandomised studies, selected according to the internal
validity of the results, setting and sample size), and local
and national audit data. They were also asked to provide
an upper and lower bound of a plausible range; in the case
of disagreement, consensus was reached after discussion.
Expert opinion is considered a credible source of informa-
tion for decision-analytic modelling if the required data are
unavailable, are not applicable to the UK setting or are of
suboptimal quality'?; all three reasons applied here.

2.5 | NHS costs
The total cost of each treatment was the sum of the initial
cost (including general anaesthesia and surgical complica-
tions), the cost of oncological outcomes and the cost of re-
productive outcomes. Unit cost data for treatment with or
without general anaesthesia, surgical complications, hrHPV
test, cytology, consultation appointment, colposcopy, with
or without biopsies, and pathology review were extracted
from the literature (Table S1).>471°

For reproductive outcomes we assumed that the costs
of prematurity were primarily concentrated on the (high)
NHS costs for the initial years of life, and were mainly as-
sociated with the provision of neonatal intensive care for
preterm infants and with early hospitalisation."” For each
category of preterm birth, we assumed that 70% of cost
was incurred in the first 2 years (40% in the first year and
30% in the second year) and the remaining 30% was in-
curred in the remaining 8years (3.75% annually from the
third year onwards), in accordance with previously pub-
lished literature.'® We assumed that women did not deliver
any babies within the first year after treatment, given the
common advice to avoid conception for the first 6 months
and the average length of gestation. A cohort of treated
women with a median age similar to that of women in
our model had a fertility rate of 0.084 pregnancies per
woman-year after treatment.' Given that no women de-
livered within the first year after treatment, we assumed
that each woman had, on average, 0.76 live births in the

following 9years. We also assumed that the pregnancies
were equally distributed within this 9-year period.

For reproductive outcomes we only considered the addi-
tional cost per preterm infant as compared with term infants.
Similarly, for oncological outcomes we did not consider the
cost of routine screening after discharge.

2.6 | Cost-effectiveness analysis

We developed a decision tree model to estimate the costs
and effects associated with different local treatment mo-
dalities for CIN (Figure 1). For each intervention we con-
sidered the number of events (outcomes) and the NHS costs
for a population of 1000 women (for a 10-year period). We
calculated the incremental cost-effectiveness ratio (ICER)
by dividing the difference in total costs (incremental cost)
by the difference in outcomes (incremental effect) to pro-
vide a ratio of ‘extra NHS cost to be invested per extra unit
of health effect gained’.?’ We expressed the results as: (i)
extra NHS costs per one additional hrHPV+ test averted at
6 months after treatment; (ii) extra NHS costs per one ad-
ditional CIN2+ case averted over the 10-year period; (iii)
extra NHS costs per one additional preterm birth averted
over the 10-year period; and (iv) extra NHS costs per one
additional CIN2+ case or preterm birth averted over the
10-year period (composite outcome). We reported ICERs
for each treatment modality compared with LLETZ. For
the 10-year time horizon of our model, we discounted
all future costs and outcomes at 3.5% per year, as recom-
mended by the National Institute for Health and Care
Excellence (NICE).?!

To take the uncertainty of costs and expert estimates into
account, we performed probabilistic sensitivity analyses, as
recommended by NICE.*" We assumed a normal distribu-
tion for outcomes and a log-normal distribution for costs.
We created cost-effectiveness acceptance curves to calcu-
late the probability of cost-effectiveness for different treat-
ments at various willingness-to-pay thresholds. We also
created cost-effectiveness planes (with LLETZ as reference);
the willingness-to-pay threshold was set at £25,000.>' We
performed probabilistic sensitivity analyses using the cea
and cea_pw functions of the hesim package in R4.2.2 (R
Foundation for Statistical Computing, Vienna, Austria).”>**

2.7 | Additional analyses

In the main analysis we assumed that each woman had, on
average, 0.76 live births after treatment. In a separate analy-
sis we assumed that each woman had, on average, 1.61 live
births after treatment (equal to the total fertility rate in
England and Wales).** Finally, in another analysis we as-
sumed that all treated women were postmenopausal and had
no live births.
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3 | RESULTS

The total average NHS costs per treated woman over a
10-year period were: £1245 (plausible range, £976-£1516)
for LLETZ; £1258 (£856-£1667) for cryotherapy; £1607
(£1280-£1937) for laser ablation; £1975 (£1605-£2345)
for laser conisation; and £2642 (£2308-£2978) for CKC.
The major contributor to the overall cost was the cost of
the management of preterm births (Figure 2). Compared
with LLETZ, treatments with higher preterm birth rates
(i.e. CKC and laser conisation) were associated with a sub-
stantially higher cost. On the other hand, treatments with
lower preterm birth rates (i.e. laser ablation and cryother-
apy) were associated with a marginally higher cost, owing
to higher treatment failure rates that pushed up the total
cost.

To avert one hrHPV+ test at 6 months after treatment,
the NHS would have to invest £72,568 and £24,936 more
for CKC and laser conisation, respectively, using LLETZ as
the reference (i.e. ICER=£72,568 and £24,936 for CKC and
laser conisation, respectively). To avert one CIN2+ case over
the 10-year period after treatment, the NHS would have to
invest even more money, as ICER (vs LLETZ) was £102,474
for CKC and £49,655 for laser conisation. Laser ablation and
cryotherapy had negative ICERs (vs LLETZ) for both onco-
logical outcomes. For preterm birth (<37 weeks of gestation),
ICER (vs LLETZ) was £37,327 for laser ablation and £2934
for cryotherapy, whereas CKC and laser conisation had neg-
ative ICERs. When we considered both CIN2+ cases and
preterm births as a composite outcome, all treatments had
negative ICERs (vs LLETZ).

When the outcome of interest was the avoidance of one
hrHPV+ test at 6 months, probabilistic sensitivity analyses
found that LLETZ had the highest probability of being the
most cost-effective treatment up to a willingness-to-pay
threshold of £25,000, but laser conisation had the highest
probability of being the most cost-effective treatment above

£3000
£2500
£2000

£1500

£1000

£500

£0

CKC Laser conisation

m Initial treatment cost

Laser ablation

m Cost of oncological outcomes

2 O An International Journal of
J Obstetrics and Gynaecology

that threshold (Figure 3A). When the outcome of interest
was the avoidance of one CIN2+ case over the 10-year pe-
riod, LLETZ had the highest probability of being the most
cost-effective treatment up to a willingness-to-pay thresh-
old of £50,000, but laser conisation had the highest proba-
bility of being the most cost-effective treatment above that
threshold (Figure 3B). When the outcome of interest was the
avoidance of one preterm birth, cryotherapy had the highest
probability of being the most cost-effective treatment at all
thresholds (Figure 3C). However, when we considered both
preterm births and CIN2+ cases, LLETZ had the highest
probability of being the most cost-effective treatment at all
thresholds (Figure 3D). Cost-effectiveness planes are shown
in Figure S1.

In a separate analysis we also included cold coagula-
tion, but the data on cold coagulation were very limited.
We found that cold coagulation was the most cost-effective
treatment at all thresholds in terms of reproductive out-
comes (Figure S2C). However, LLETZ remained the most
cost-effective treatment at all thresholds when we considered
both preterm births and CIN2+ cases (Figure S2D).

In the above-mentioned analyses we assumed that each
woman had, on average, 0.76 live births. In a separate anal-
ysis we assumed that each woman had, on average, 1.61 live
births. In that case, cryotherapy was the treatment with the
lowest total cost, followed by LLETZ (Figure S3B). However,
the results of the probabilistic sensitivity analyses did not ma-
terially change, and LLETZ remained the most cost-effective
treatment at all thresholds when CIN2+ cases were combined
with preterm births (Figure S4D). Cost-effectiveness planes
are shown in Figure S5. In a separate analysis we assumed
that all women were postmenopausal and that no pregnan-
cies occurred. In that case, LLETZ was the treatment with
the lowest total cost, followed by cryotherapy (Figure S3C).
Probabilistic sensitivity analyses found that LLETZ was the
most cost-effective treatment for hrHPV+ and CIN2+ up to
thresholds of £16,000 and £31,500, respectively, but that laser

Cryotherapy LLETZ

m Cost of reproductive outcomes

FIGURE 2 Breakdown of average NHS cost per treated woman over the 10-year period (on the assumption that each woman had, on average, 0.76
live births). CKC, cold knife conisation; LLETZ, large loop excision of the transformation zone; NHS, National Health Service.
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conisation was the most cost-effective treatment if the will-
ingness to pay exceeded those thresholds (Figure 4). Cost-
effectiveness planes are shown in Figure S6.

4 | DISCUSSION

4.1 | Main findings

This study compared different local treatment techniques
for CIN in England and modelled their cost-effectiveness
compared with ‘usual care’ (LLETZ). Our cost-effectiveness
analyses highlighted the importance of considering both

oncological and reproductive outcomes when comparing
different excisional and ablative treatment techniques.

In the main analysis of young women, we demonstrated
that LLETZ was the most cost-effective treatment for on-
cological outcomes (CIN2+) up to a willingness-to-pay
threshold of £50,000; laser conisation would become the
most cost-effective treatment only if the NHS was willing
to invest more than £50,000 to avert one CIN2+ case, but
this threshold is unaffordable for most health services. For
reproductive outcomes, cryotherapy was the most cost-
effective treatment at all thresholds. However, cryotherapy
is associated with an unacceptably high risk of treatment

failure'’; thus, when reproductive outcomes (preterm

B5UB017 SUOWILIOD BAIR1D 8 |deol|dde By Ag pausenoh a1e sajolie O 88N JO S3|Nn 10} Ar1g1T 8UIUO /8|1 UO (SUORIPUOD-PUR-SLURYLLID"AB | IMAlelq1juluO//SANY) SUORIPUOD pUe SWR L 8L} 885 *[7202/70/92] Uo AriqIT 8ulluO ABIM ‘8oL AQ 628.T'8250-TLYT/TTTT OT/I0p/L00 43| imArelqjpul|uo-uABaoy/sdny woJy papeojumoq ‘0 ‘82G0TLYT



COST-EFFECTIVENESS OF CIN TREATMENTS

birth) were seen in the context of oncological outcomes
(CIN2+), we found that LLETZ was the most cost-effective
treatment at all thresholds. Owing to the high risk of
treatment failure, British guidelines recommend against
cryotherapy for the treatment of high-grade disease,'” but
cryotherapy is considered an acceptable treatment by the
World Health Organization (WHO), especially in coun-
tries with limited resources.”® Our cost-effectiveness anal-
ysis provides further evidence that cryotherapy should not
be performed when other treatments are available.

In a separate analysis we assumed that our population
only consisted of older women who have completed their
childbearing. In this scenario, we found that LLETZ was
the most cost-effective treatment for oncological outcomes
(CIN2+) up to a threshold of £31,500, but that laser coni-
sation would become the most cost-effective treatment if
the NHS was willing to invest more than £31,500 to avert
one CIN2+ case. Given that rates of unsatisfactory colpos-
copy and treatment failure are higher in older women than
younger women,'® the NHS could consider investing more
money in this select group of women. Our results elucidate
the additional NHS costs for treatments other than LLETZ,
and can be used to support clinicians, when developing
a more personalised management strategy for treatment,
healthcare payers, when commissioning services within the
NHS resources available, and health policymakers, when
drafting treatment guidelines. Although we did not include
NETZ in the cost-effectiveness analysis, owing to limited
data in our NMA, it is expected that the outcomes for NETZ
are likely to be similar to those for laser conisation.

4.2 | Strengths and limitations

This study has several strengths. To the best of our knowl-
edge, this is the first economic study to compare the cost-
effectiveness of different local treatment techniques for CIN.
We compared the different interventions looking at a broad
spectrum of oncological outcomes and complications (sur-
gical or reproductive). We considered not only short-term
economic impacts for the NHS (such as the cost of the first
round of treatment and surgical complications, including
bleeding and infection), but also long-term economic onco-
logical consequences as well as hospital care costs that re-
late to preterm disabilities. The data used to build our main
analysis was informed by expert input, after these experts
had assessed the results of our NMA, the results of the best
available studies and the audit data. Probabilistic sensitivity
analyses took into account the uncertainty of expert input
and tested the robustness of our model.

Our analyses are not without limitations. To source NHS
unit costs, we relied on expert input when standardised unit
costs were not available from national tariff schedules or from
the literature. Owing to a lack of data, we did not consider
‘quality-adjusted life years’ (QALYs) as suggested by NICE
when comparing the cost-effectiveness of different interven-
tions.” This would have allowed us to compare treatments

2 0 An International Journal of
J Obstetrics and Gynaecology

across all outcomes. Instead, we created a composite out-
come that considered both CIN2+ rates and preterm birth
rates (on the assumption that these two outcomes have equal
clinical significance). This study considered the perspective
of the NHS, looked at the impact of treatments and oncolog-
ical and reproductive consequences on the NHS budget, and
assumed that the costs of preterm birth consequences were
driven by hospitalisation costs for early years."” Additional
studies are needed to broaden the evaluation perspective to
society and to account for the income loss for women diag-
nosed with cervical cancer, as well as for the impact of pre-
maturity on special educational needs, social services, and
on families and carers.”*’

4.3 | Interpretation

In our recently published NMA we concluded that LLETZ
achieves the optimal balance between oncological and repro-
ductive outcomes'’; herein, we have complemented our NMA
results and have shown that LLETZ is the most cost-effective
CIN treatment for women of reproductive age. Although
evidence from cost-effectiveness analyses is country specific
and relies largely on local policies and tariffs, these find-
ings are likely to be applicable to most high-income settings
with similar health systems. Our decision-analytic model-
ling approach can serve as a blueprint for other settings to
prioritise treatment decisions. This study contributes to a
limited evidence base on the cost-effectiveness of alterna-
tive CIN treatments. We only found one cost-effectiveness
analysis published over 20 years ago that compared four dif-
ferent treatment strategies for high-grade disease (CKC or
cryotherapy, preceded by punch biopsies; LLETZ or cryo-
therapy, preceded by punch biopsies; LLETZ, preceded by
punch biopsies; and LLETZ without prior punch biopsies).
However, this study did not assess CKC and cryotherapy
separately, and focused exclusively on the costs of oncologi-
cal outcomes and surgical complications without consider-
ing the cost impact of reproductive outcomes.”®* A number
of other cost-effectiveness analyses have assessed various
comparisons but not the cost-effectiveness of treatment mo-
dalities, e.g. ‘select and treat’ after punch biopsies versus ‘see
and treat’ without punch biopsies, using the same treatment
technique,” different management strategies for low-grade
disease, with immediate treatment versus surveillance,”® or
different cervical screening strategies (e.g. cytology-based
screening vs hrHPV-based screening, with different screen-
ing intervals or different ages at onset of screening),”* or
have compared adjuvant colposcopy tools with colposcopy
alone.*® Of those cost-effectiveness analyses, only one con-
sidered the costs of reproductive morbidity.*

5 | CONCLUSION

Overall, LLETZ is the most cost-effective treatment for
young women of reproductive age. For older postmenopausal
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women, LLETZ remains a cost-effective treatment, but laser
conisation (or other techniques with similar radicality)
could also be considered if the willingness to pay to avoid
one CIN2+ recurrence exceeds £31,500.
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