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Abstract

Objective: To review the effect of the COVID-19 pandemic on the diagnosis of cervi-
cal cancer and model the impact on workload over the next 3 years.

Design: A retrospective, control, cohort study.

Setting: Six cancer centres in the North of England representing a combined popula-
tion of 11.5 million.

Methods: Data were collected retrospectively for all diagnoses of cervical cancer dur-
ing May-October 2019 (Pre-COVID cohort) and May-October 2020 (COVID cohort).
Data were used to generate tools to forecast case numbers for the next 3 years.

Main outcome measures: Histology, stage, presentation, onset of symptoms, investi-
gation and type of treatment. Patients with recurrent disease were excluded.
Results: 406 patients were registered across the study periods; 233 in 2019 and 173
in 2020, representing a 25.7% (n = 60) reduction in absolute numbers of diagnoses.
This was accounted for by a reduction in the number of low stage cases (104 in 2019
to 77 in 2020). Adding these data to the additional cases associated with a temporary
cessation in screening during the pandemic allowed development of forecasts, sug-
gesting that over the next 3 years there would be 586, 228 and 105 extra cases of local,
regional and distant disease, respectively, throughout England. Projection tools sug-
gest that increasing surgical capacity by two or three cases per month per centre
would eradicate this excess by 12 months and 7 months, respectively.

Conclusions: There is likely to be a significant increase in cervical cancer cases pre-
senting over the next 3 years. Increased surgical capacity could mitigate this with

little increase in morbidity or mortality.
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1 | INTRODUCTION

Cervical cancer is a disease which is both preventable and
treatable, although achieving this requires an effective
screening and early detection programme with access to
appropriate treatments when required.! All elements of
this programme have been affected by the COVID pan-
demic, but whereas in the UK, there has been a focus on
maintaining and then quickly restoring cancer treatments,
maintaining the screening programme and the diagnostic
service have proved more difficult, and significant gaps
have occurred.

In contrast to many cancers, the natural history of the
disease is well understood and comprises a noninvasive la-
tent phase of HPV infection and cervical intraepithelial
neoplasia, during which screening and prevention can take
place, followed by an early invasive phase in which disease
remains localised to the cervix and treatment is usually cu-
rative.” Although short delays in treatment are not associated
with significant stage shift,” longer delays will be associated
with disease progression* and increased loss of fertility with
worsening of overall survival.

The disruption to normal healthcare services caused by
the pandemic is likely to lead to increased numbers of cervix
cancers being diagnosed during the recovery period.” This
may occur for one of four identified reasons; restriction of
access to primary care due to staff sickness or shortages;
reduction in treatment capacity following diagnosis due to
limitations within the hospital service; reduction of screen-
ing and investigation services; and women either not attend-
ing for screening or not seeking help with symptoms due to
concerns about the risk of contracting COVID-19 when at-
tending health services.®

These four factors will lead to ‘extra’ cases, which in turn
can be divided into two discrete groups; ‘hidden’ and ‘ex-
cess’ cases. Hidden cases may be defined as existing cases
of invasive cancer, which have not yet been diagnosed but
will present at some point following resumption of diag-
nostic services. These cases would always have occurred but
diagnosis has been delayed as a result of the pandemic. In
contrast, excess cases may be defined as cases of invasive dis-
ease which have only occurred because of a lack of access to
screening services. These cases would not have existed with-
out the pandemic.

Estimates of the number of excess cases for England have
already been calculated” and suggest that there could be up
to 630 excess cases of invasive disease diagnosed in England
over the next 3-year period. In contrast, with the exception
of some early modelling studies which suggested possible
impacts of lack of diagnostic services,® there are few real

world data to estimate the numbers of hidden cases of in-
vasive disease.

We have therefore used clinical data, derived from six
major cancer centres, based in the North of England, to
investigate the impact of the pandemic on diagnostic rates
of cervical cancer. We have then combined this with pub-
lished data related to the impact of the pandemic upon
screening, to forecast how this will impact workload over
the next 3-year cycle. Finally, we have projected the im-
pact of increasing treatment capacity on this increased
workload.

2 | METHODS

2.1 | Data collection

Registry data can be a useful source of diagnostic data,
but often lack information on stage and mode of presenta-
tion.” We therefore carried out a retrospective, historical
control, cohort study. Data were collected from six major
cancer centres covering a contiguous geographical area in
the North of England and serving a population of 11.5 mil-
lion people, thus representing 20.5% of the population of
England.

Data from each Cancer Centre (St Mary’s and Christie’s
in Manchester, Liverpool, Preston, Leeds and Hull) were col-
lected retrospectively for two equal time periods of 6 months
each, prior to and during the COVID-19 pandemic; May-
October 2019 (representing a Pre-COVID cohort) and May-
October 2020 (representing a COVID cohort.) Data were
collected by senior members of the clinical teams and included
all cervical cancers diagnosed during the time period. Data
including histology, stage at diagnosis, mode of presentation,
date of onset of symptoms (where available), investigation and
type of treatment were collected. Patients with recurrent dis-
ease were excluded. All cases were converted to the FIGO 2018
staginglo for consistency of analysis. For patients presenting
to healthcare services, the date of onset of symptoms, where
available, was recorded; where no exact date was specified, the
first date of the month symptoms began was recorded. Date
of diagnosis was considered as date of histopathological re-
port confirming cervical cancer and date of first attendance
was considered as the date of first appointment with a spe-
cialist. If patients received more than one type of treatment
(for example chemotherapy followed by radical hysterectomy)
they were categorised to the most radical treatment group.
All centres use an electronic database to collate cancer centre
data and outcomes. Data were not available or collected re-
garding primary care. Hence this study only relates to patient



CERVICAL CANCER AND COVID: A COHORT STUDY

1135

presentation and treatment at the tertiary level cancer centres,
not the impact of COVID on initial presentation, investiga-
tion or diagnosis in primary care.

2.2 | Datahandling and modelling

Data were anonymised prior to collation and all data han-
dling took place in MS EXCEL. Shapiro-Wilks test was used
to assess normality with chi-square and t-tests for paramet-
ric data and Mann-Whitney U-tests for non-parametric
data. The binomial hypothesis test was used to test for dif-
ference in staging. Statistical significance was considered if
P-values were <0.05.

Forecasting and projection tools were developed in MS
EXCEL and were limited to estimates for England (other
UK jurisdictions managed COVID differently and also have
different cervical screening protocols, thus prohibiting ex-
trapolation to the devolved nations in the UK). Tools were
developed to make forecasts (not including the effects of in-
terventions) and projections (including the effects of interven-
tions)."" Assumptions were taken from published sources as
stated in the text.

3 | RESULTS
3.1 | Numbers of new cases were reduced
during the pandemic

A total of 406 new patients were registered with the six par-
ticipating centres across the two study periods; 233 in 2019
(pre-COVID) and 173 in 2020 (COVID), representing a
25.7% (n = 60) reduction in the number of cases diagnosed
between the two study periods (Table 1).

The six participating centres together, represent a contig-
uous geographical area in the North of England covering a
population of 11.5 million people. Extrapolating these data
to the rest of England (population 55.9 million) suggests that
up to 273 cases of cervical cancer remained undiagnosed by
the end of the study period, which represented the time of
most disruption to diagnostic services.

Although not achieving significance, there was a 28% re-
duction in number of asymptomatic cases diagnosed through
abnormal cytology compared with only an 11% reduction in
symptomatic cases, P = 0.04 (Table 1). Time from symptom
onset to presentation was similar in both time periods (Pre-
COVID: median 21.5, range 1-474 days, and COVID: me-
dian 19, range 1-668 days) (P = 0.7 Mann-Whitney U-test).

3.2 | Analysis by FIGO Stage suggests that
‘hidden’ cases are low stage and therefore
potentially curable

Mode of treatment, and subsequent outcome, is almost
entirely driven by stage of disease at presentation. Disease
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presenting at FIGO stage 1B2 or below is usually treated sur-
gically with high survival rates and for some cases the option
of fertility preservation. FIGO stage 1B3/2/3 is treated with
concurrent chemoradiotherapy with curative intent but loss
of fertility. Stage 4 disease is treated with systemic therapies
with or without radiotherapy with palliative intent.

Dividing the cohort into these three groups by stage
(Table 2) confirms that the majority of ‘hidden’ cases are
likely to be stagelB2 or below and would be treated by sur-
gery alone with curative intent if they remain at this stage by
the time of presentation.

3.3 | Forecasting the presentation pattern of
extra cases over a 3-year period

By definition, the hidden cases already exist as invasive can-
cers. Although it appears most of these are early stage, timely
diagnosis and treatment are required to prevent progression
to more advanced disease. To visualise this, we assumed
progression rates of 0.020 and 0.025 per month for progres-
sion from local to regional, and regional to distant, respec-
tively® to forecast the likely progression of the 273 hidden
cases in England over a 3-year period, assuming that none
receive treatment (Figure 1A). With no additional treatment
capacity available, this would equate to a progression to 88
additional cases of regional disease and 54 cases of distant
disease by 3 years.

In addition to the hidden cases, the cervical screening
programme in England was paused completely for a 3-month
period between April and June 2020 and only partially re-
stored after that leading to a delay in screening of approx-
imately 6 months.”'? It has been estimated that this pause
will result in an excess of 630 cases over a 3-year period.” In
contrast to the hidden cases, these are likely to present at a
steady rate over the 3-year period, as modelled in Figure 1B.

Summation of both hidden and excess cases suggests
that at the end of the 3-year period extra cases throughout
England, over and above normal workload, would be 586,
228 and 105 cases for local, regional and distant disease,
respectively (Figure 1C).

3.4 | Projecting the effects of increased
treatment capacity

Finally, we developed a projection tool to study the effects
of increasing treatment capacity. Given that the majority of
extra cases will be at early stage at presentation, we studied
the effect of additional surgical capacity to treat these extra
cases. Cancer services in England are managed through 19
‘Cancer Alliances’. We studied the effect of increasing surgi-
cal capacity by one, two or three extra cases per cancer alli-
ance per month (Figure 2A, B and C, respectively).
Increasing capacity by one case per alliance per month
would enable treatment of some of the extra cases, leaving
221 remaining excess cases at the end of the 3-year cycle, with
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TABLE 1 Patient characteristics

Overall numbers 233

173

406

0.003"

Stage at diagnosis

lal 53 (23)
la2-1b2 51(22)
1b3 5(2)

2 42 (18)
3 31 (13)
4 26 (11)
Not documented 25 (11)
Total 233

40 (23)
37 (21)
2(1)
16 (9)
36 (21)
21 (12)
21 (12)

173

93
88

58
67
47
46
406

0.04¢

Symptoms
Pain/Bleeding 78 (33)
Abnormal smear 60 (26)
Unknown 95 (41)
Total 233

69 (40)

43 (25)

61 (35)
173

147
103
156
406

0.5

Time of symptoms to diagnosis

Median 21.5

Range 1-474

19
1-668

0.74

Chi-square.

“Paired t-test.

“Chi-square comparing early stage versus late stage.
dMann-Whitney U- test.
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76 and 50 being regional and distant disease, respectively. In
contrast, increasing the capacity by two or three cases per
month would eradicate the local disease group entirely by
12 months and 7 months, respectively, but leave small re-
sidual numbers of regional and distant disease (29 regional
and distant cases when capacity increased by two per month
(Figure 2B) and 14 regional and distant cases when capacity
increased by three per month (Figure 2C)).

4 | DISCUSSION

4.1 | Main findings and interpretation

Here we have reported data from a retrospective historical
control series showing, for the first time, the actual effects of
the pandemic on diagnostic rates of cervical cancer in a large
contiguous population. These data support much of the

TABLE 2 Confusion matrix showing cases categorised by stage
Pre-COVID COVID
(m) (m)
<1B2 (surgery) 104 77
1B2/2/3 (curative RT) 78 73
4 (palliative RT/chemo) 26 21
700 A
600
g 400
£ -
AE N
100
o

123456 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

month

projected number of cases

100

3]0

modelling, prediction and speculation that have suggested
that cancer cases are likely to have gone undetected during
the pandemic. Furthermore, we have been able to identify
that the undiagnosed cases are likely to be predominantly
low stage, a point in the progression of the disease which is
usually curable if treated promptly.

Specifically, we have identified that the rate of cervical
cancer diagnosis was down by 25% during the period of the
first wave of COVID infection in England. Although cer-
vical cancer is a relatively rare cancer, this still equates to
over 230 cases which have not been diagnosed in a timely
manner. Failure to do so will have long-term impacts if these
cases are not rapidly identified and treated.

Taken with predictions of an excess of cases caused by a
6-month pause in cervical screening,” the total number of extra
cases of cervical cancer that are likely to present in England
over the next 3 years is over 860. However, our projections
would suggest that if cases can be diagnosed quickly, and treat-
ment capacity can be increased, women could receive therapy
before their disease progresses to a stage requiring radical ra-
diotherapy or palliative systemic anti-cancer treatment. We
would therefore argue that resources should be focused on in-
creasing diagnostic capacity and access to surgical treatments,
which form the mainstay for treatment of early stage disease.

In reality, increasing surgical capacity is likely to be a
challenge. The number of surgeons with the ability to carry
out radical surgery for cervical cancer is limited and all

Obstetrics and Gynaecology
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FIGURE 1

month

Forecasts of likely impact of COVID on extra cases of cervical cancer with no increased treatment capacity. Number of cases for each

forecast represents numbers expected in addition to normal background diagnostic rates. Forecasts have been generated for a 3-year period to reflect
the normal cycle of cervical screening. (A) Model of ‘hidden’ cases showing effect of 273 additional cases. (B) Model of ‘excess’ cases showing effect of
630 additional cases presenting over a 3-year period. (C) Summation of (A) and (B) to show likely increase in cases over three periods if no additional

treatment capacity is provided
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FIGURE 2 Projections of the effect of increasing treatment capacity on increased numbers of cervical cancer cases presenting as result of COVID
pandemic. The projection generated in Figure 1C was used as a baseline representing the additional cases expected as a result of the pandemic. The effects
of increasing by one, two or three cases per month per cancer alliance in England are estimated in (A), (B) and (C), respectively, showing that increasing
capacity by three cases per month per cancer alliance, would eradicate the extra low stage disease within 7 months with minimal impact on rates of

regional and distant disease

surgical oncology services are faced with pressure from in-
creasing numbers of cancers of all types, meaning that even
getting access to operating theatre time can be challenging.
Furthermore, most gynaecological oncology services were
working at or above capacity before the pandemic and so a de-
mand to increase capacity further may prove to be impossible.

4.2 | Strengths and limitations

This study utilised clinical data collected by senior clini-
cians directly from clinical and MDT records, giving con-
fidence to the veracity of the data. Although registry data
can provide information covering large geographical areas,
important data items such as stage at presentation are often
missing,” limiting the utility of such data collections.

In this study we have been able to accrue data related to a
population of 11.5 million people, representing over 20% of
the population of England, suggesting that the findings are
likely to be a fair representation of the picture in England.
The devolved nations and other jurisdictions may have dif-
ferent findings given their different approach to manage-
ment of the pandemic and, in particular, variable access to
hospital services during this time.

The use of a historical control does not exclude the possi-
bility of another confounder to explain the apparent reduc-
tion in incidence over these two time periods. An interrupted

time series design for the study, with repeated observations
pre- and post-pandemic, would have allowed for correction
of other confounders, but data from such a study will not
be available for some years to come, during which cases will
continue to accrue. The presence of other confounders in
fact seems unlikely; although there has been a decrease in
incidence of cervical cancer over the last two decades, the
incidence has plateaued over the last 5 years up to and in-
cluding 2019."*

By choosing a period of time from May to October 2020,
we have included the time of most upheaval to the NHS. It
is probable that further extra cases may accrue as a result of
delays in the recovery programme and further audits will be
required to monitor this and update the modelling in due
course. The forecasts presented here represent the best esti-
mates for the likely increased workload over the next 3 years.

5 | CONCLUSION

We have demonstrated that there will be a significant uplift
in numbers of cases of cervical cancer presenting over the
next 3 years as a result of both lack of diagnosis of established
cases and an excess of cases caused by lack of screening. We
have also demonstrated that increases in surgical capacity,
while a challenge to achieve, would be capable of mitigating
this increase with little increase in morbidity or mortality.
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