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Executive Summary

Aims and Objectives

At present, the National Health Service Breast Screening Programme (NHS BSP) routinely invites all
women aged between 50 and 70 years of age for breast screening every three years. Plans are in place to
extend the upper age limit for routine invitation to 73 years between 2010 and 2013. Screening has been
shown to be effective in reducing breast cancer mortality and halving the mastectomy rate in younger
women. The benefits and harms of screening in women aged 70 years and over are less well documented.
Whilst the incidence of breast cancer increases with age, the potential for over-diagnosis (detection of
cancers that would have not presented from clinical symptoms in the absence of screening) from screening is
higher in older women, given decreasing life expectancy and the presence of co-morbidities. There is also
some doubt that the improvement in prognosis profile at diagnosis from screening would translate into an

overall survival benefit.

A mathematical model of the natural history of breast cancer, using retrospective cancer registry data and
data from the literature, was constructed to evaluate the optimal upper age for a screening policy; i.e the

upper age at which screening represents a cost-effective use of NHS resources.

Evidence on the effectiveness of screening for breast cancer in women aged 70 years and over

Only two trials recruited women up to the age of 74 years old (Swedish 2 Counties Trial and the Swedish
Malmo Trial). A joint analysis of the Swedish studies indicated that there was insufficient power to
determine whether there was an overall survival advantage for the cohort of screened women between age 70
and 74. Cohort studies have been performed to overcome the absence of direct RCT evidence and have

shown that screening was associated with a survival advantage in older women.

Modelling the impact of breast cancer screening

A patient level simulation model was built in R software (version 2.11.1) that allows the impact of screening
policies on cancer diagnosis and subsequent management to be assessed. The model has two parts - a natural
history model of the progression of breast cancer up to discovery, and a post-diagnosis model of treatment,
recurrence and survival. The natural history model was calibrated to available UK registry data and
compared against published literature. Survival analysis was performed on registry data to evaluate the
impact of prognostic profile at diagnosis on survival. Death from breast cancer causes was ascertained
comparing survival in the general population and in breast cancer patients. Cost and benefits post-diagnosis
were then calculated to identify the optimal screening age among elderly women regardless of health status

and discounted at 3.5% annually. The management of breast cancer at diagnosis was estimated using registry
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data and valued using official tariffs. Finally, utility weights from the published literature were used to adjust

life years for the quality of life.

Policies analysed

We evaluated the following strategies for extending the current NHSBSP:

e Strategy So: The current NHSBSP, which we define as a final invitation at age 69 (in practice the age
at which the final invitation is received varies between 68-70, but for simplicity we assume the same
age for all women).

e Strategy S;: One additional screening round for women aged 72.

e Strategy S,: Two additional screening round for women aged 72 and 75

e andsoonupto

e Strategy S;: Seven additional screening rounds for women aged 72, 75, 78, 81, 84, 87 and 90

Results

Results of the calibration showed a reasonably good fit of the natural history model to observed data in the
UK. For every 100,000 women invited for screening at the age of 72 years, the model estimated that 752
breast cancers would be detected by screening (this includes the number of breast cancer cases that would
not have presented clinically or screen-detected before the age of 72 years). Of these, 6.2% would not
present during the woman’s life-time (over-diagnosis). Adding a further screening round at the age of 75
years would detect an additional 795 cases of breast cancer per 100,000 women invited, of which 9.4%
would not present during the woman’s lifetime. As expected, screening was estimated to lead to an
improvement in the stage distribution at diagnosis. For instance, amongst cancers that would be detected by
screening at the age of 72 years, 17.5%, 62.0%, 14.03%, 5.9% and 0.3% are estimated to be stage 0, I, II, Il
and 1V respectively. The distribution in the absence of screening for those cancers was 0.0%, 36.7%, 24.2%,
30.2% and 8.9% respectively. Screening was also associated with a reduction in the number of deaths
attributable to breast cancer, with benefits decreasing as age increases. We also found that screening would
be associated with higher management costs for the treatment of the primary tumour given the earlier age at
screen-detection. However, fewer costs would be incurred for the treatment of recurrence and management
of palliative care for those with metastatic disease. Screening was found to lead to an improvement in life

years, and life years adjusted for the quality of life (QALY).

Under commonly-quoted willingness to pay thresholds in the UK (£20,000 per QALY gained), our study
suggests that screening represents a cost-effective strategy up to the age of 78 years. Univariate and
multivariate sensitivity analyses were conducted and showed that results were mainly sensitive to the

assumptions about the discount rate, recall rate for further investigation (i.e the proportion of women
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undergoing further investigation after screening), impact of breast cancer diagnosis on quality of life and cost
of the screening programme. No probabilistic sensitivity analysis was conducted in the absence of estimates
about uncertainty in the natural history.

Conclusions

This study suggests that, under the assumptions made under our base case, an extension of the current
NHSBSP upper age limit for invitations from 69 to 78 would represent a cost-effective use of NHS resources
under commonly-used willingness to pay threshold in the UK (£20,000 per QALY gained).

Estimates in other countries indicated similar conclusions. Our model goes beyond previous published cost-
effectiveness models in terms of biological plausibility (growth rate and inclusion of in-situ disease) and was
calibrated to observed registry data in the UK. However, despite these strengths, there were some limitations
due to the lack of data to calibrate the model, the assignment of costs and quality of life and the approach

used to model survival.

This study indicates that further research is required about the impact of screening on survival and the impact
of breast cancer diagnosis and treatment on quality of life.
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Definition of terms and list of abbreviations

Technical terms and abbreviations are used throughout this report. The meaning is usually clear from the
context, but a glossary is provided for the non-specialist reader.

e Definition of terms

Axillary Lymph Node Dissection; complete surgical removal of all axillary lymph nodes from the ipsilateral
axilla.

Carcinoma in-situ; early or pre-invasive form of breast cancer

Clinically significant cancer; women that would have presented from clinical symptoms before death;
Incremental-cost-effectiveness ratios; ratio of the change in costs and effectiveness

Lead time; time interval between screen-detection and the presence of clinical symptoms
Mastectomy; complete surgical excision of the breast

Over-Diagnosis; detection of cancers in women who would otherwise have died of other causes without a

clinical diagnosis of breast cancer in the absence of screening

Palliative care; management care at the end of life

Recurrence; re-occurence of the cancer after primary treatment
Screening mammaography; x-ray examination of the breast

Sensitivity; proportion of subjects correctly diagnosed with breast cancer

Sentinel Lymph Nodes Biopsy; radio-isotope and blue dye targeted surgical removal of one or more axillary

lymph nodes most likely to contain tumour metastases
Sojourn time; time interval when the cancer is screen detectable but shows no clinical symptoms

Tumour Nodes Metastasis stage (TNM); stage classification based on tumour size, nodal involvement and

presence of distant metastasis
Uptake rate; adherence to the screening programme
Utility weight; measure of quality of life

Wide Local Excision; removal of a malignant breast lump with a margin of normal tissue
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e List of abbreviations

ALND
BC
BSP
CBE
CIS
DES
DCIS
DPCP
ECRIC
EQ-5D
ER
HCSC
ICER
KM
LYG
NICE
NHS
NHSBSP
NPI
PSSRU
ONS
PSA
QALY
SA
SCHARR
SG
SLNB
SMG
TNM
UK
VAS
WLE
WMCIU

Axillary Lymph Node Dissection
Breast Cancer

Breast Screening Programme
Clinical Breast Examination
Carcinoma In-Situ

Discrete Event Simulation
Ductal Carcinoma In-Situ
Detectable Pre-Clinical Phase

Eastern Cancer Registration and Information Centre

EuroQol 5 Dimension
Oestrogen Receptor

Hospital and Community Health Services

Incremental Cost Effectiveness Ratio
Kaplan-Meier

Life Years Gained

National Institute of Clinical Excellence

National Health Service

NHS Breast Cancer Screening Programme

Nottingham Prognostic Index

Personal Social Services Research Unit
Office of National Statistics
Probabilistic Sensitivity Analysis
Quality-Adjusted Life Years
Sensitivity analysis

School of Health and Related Research
Standard Gamble

Sentinel Lymph Node Biopsy
Screening Mammography

Tumour Nodes Metastasis

United Kingdom

Visual Analogue Scale

Wide Local Excision

West Midlands Cancer Intelligence Unit
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I. INTRODUCTION & BACKGROUND

1. EPIDEMIOLOGY OF BREAST CANCER IN ELDERLY WOMEN

Breast cancer is the most common malignancy in women, with the majority of cancers diagnosed in women
aged 65 years and over. [1;2] Studies indicate that the probability of developing or dying from breast cancer
increases with age, [2-4] with the most commonly cited risk factors being age, family history, geographical

variation, late age at menopause, age at first pregnancy and lifestyle. [2]

The general increase in life expectancy leads older women to be the most rapidly increasing population
group, with breast cancer being a public health issue due to the higher incidence and mortality rate in this age
group. In the UK, it is estimated that breast cancer affects 13,000 women aged over 70 annually. [5]
Evidence also suggests that older women present at a more advanced stage compared to younger women

despite more favourable disease biology. [6;7]

Similarly, most of the deaths attributable to breast cancers are observed in the older population, despite the
greater likelihood of dying from competing causes. It has been estimated that 56% of all breast cancer deaths
(about 6,733 annually) occur in women aged over 70 years, with the main reason being the higher incidence
in this age group, the reduced levels of screening and breast awareness and lack of improvement in the
treatment for elderly women. [8;9] Whilst younger women have seen dramatic breast cancer survival
improvements in the past few years with the introduction of screening and improvement in the management
of breast cancer, the survival improvements have been much smaller in older women. Official UK statistics
for breast cancer reported that since 1989, breast cancer mortality fell by 44% in women aged 40-49 years;
by 44% in women aged 50-64; by 37% in women aged 65-69; but by only 19% in women aged over 70. [5]
Compared to younger women, women aged 70 years and over are not routinely offered screening.

Chemotherapy, Herceptin, surgery and radiotherapy are also withheld in some cases. [10;11]

2. CURRENT SCREENING STRATEGY IN THE UK

At present, the National Health Service Breast Screening Programme (NHSBSP) routinely invites all women
aged between 50 to 70 years old for breast screening every three years, with a progressive extension to

women in their late 40s and women up to the age of 73 years planned over the next 3 years.

In the UK, the screening consists of a mammogram, i.e. an x-ray examination of the breast, which involves a
small dose of radiation. The aim of screening is the early detection of breast cancer before the appearance of

clinical symptoms. However, screening by mammography may not identify all breast cancers.
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3. SCREENING MAMMOGRAPHY IN OLDER WOMEN; ISSUES & LIMITATIONS

In younger women, screening is effective in reducing breast cancer mortality (between 25-39% [12]) and
halving the mastectomy rate. [13] On the other hand, screening may also be harmful, leading to over-
diagnosis and unnecessary treatments. [12;14;15] Indeed, screening may detect cancers that would not have
presented within a woman’s lifetime and therefore lead to unnecessary treatments and a reduction in quality
of life. Other potential harms include psychological distress, unnecessary biopsies (both percutaneous and

surgical) and the slight risk posed by the radiation exposure itself.

Whilst the benefits and harms of screening in women aged 70 years and over are less well documented,
(partly due to the lack of data and the high incidence of co-morbidity in this age group), there is little doubt
that screening older women would lead to an improvement in prognostic profile at the point of diagnosis

(due to earlier detection), but there are some doubts that this would translate into a survival benefit.

Data from the NHSBSP indicates that the detection rate for cancer is much higher in older women compared
to younger age cohorts. This is attributable to the fact that the sensitivity of mammograms is higher in older
women and that older women have an increased probability of developing breast cancer. However,
confounding factors are more likely to be present in older women, reducing the translation of improvement
in surrogate markers to a survival benefit. The main confounding factor being the higher risk of co-
morbidities in women aged 70 years old and over, i.e. the reduced life expectancy from causes other than
breast cancer. Screening mammography may therefore cause more harms in the older age group. Indeed,
while screening will detect more cancers in older women, many of these cancers would never have presented
during the woman’s life-time and may therefore be clinically-insignificant. [14] This is an important issue in
older women who are more likely to die from causes other than breast cancer and therefore less likely to
benefit from early detection of breast cancer. Evidence suggests that for a woman to benefit from earlier
detection of breast cancer she must survive for long enough to see this benefit. Studies have reported that the
percentage chance of dying from breast cancer in affected women is reduced as age increases. Diab et al
(2000) indicated that 73% of deaths in breast cancer patients in the 50-54 year age group are due to their
breast cancer, compared to only 29% of deaths in women aged over 85 years old. [6] Similar studies reported
[16;17] that older women with 3 or more co-morbid diseases had a 20 times higher rate of non-breast cancer

death, independent of the stage of their disease.

The increased probability of competing causes of death in women aged 70 years and over has some
important clinical and economic implications in a screening setting, as screening would no longer confer a
survival advantage in women with severe co-morbid disease. [18]. Finally, evidence suggests that

interventions targeted to the frail population are also more likely to be harmful. [19]
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I1.AIMS & OBJECTIVES

The aim of this study was to explore the costs and benefits of extending the upper limit for the current
NHSBSP. To do this, a decision-analytic model was developed that represented the natural history of breast
cancer in older women and survival in this age group. Using this model, we explored the incremental benefit
of each three-year extension to the current upper age-limit i.e. the incremental impact of each additional

screening round, up to a maximum age of 90 years.

For each additional screening round, we used our model to estimate the number of life-years gained through
screening, the extent to which screen-detection leads to over-treatment and the resource implications of the
screening round. This allowed us to estimate the effectiveness and cost-effectiveness of each additional

round, and determine the age at which the harms and costs outweigh the benefits.
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I1l. EFFECTIVENESS OF SCREENING MAMMOGRAPHY IN
WOMEN AGED 70 YEARS AND OVER

To date, there is a lack of direct RCT trial evidence on the effect of screening mammography in women aged
70 years and over. Most trials conducted in the last few decades included women up to the age of 69 years
with only two trials recruiting women up to the age of 74 years (Swedish 2 Counties Trial and the Swedish
Malmo Trial). However, the number of recruited women aged over 69 years was very low. A joint analysis
of the Swedish studies indicated that there was insufficient power to determine whether there was a survival

advantage for the cohort of screened women between ages 70 and 74 (Nystrom et al, 2002).

The lack of direct RCT trial data in older women has highlighted the need for alternative sources of evidence
and retrospective cohort studies have been used to evaluate the impact of screening mammography in older
women. McCarthy et al (2000) [20] examined the risk of death from breast cancer and the incidence of stage
1 or 2 disease in regular users or non-users of mammography in 3 age cohorts: 67-74, 75-85 and over 85.
The authors found that the risk of breast cancer death was significantly lower in regular users in women aged
65 — 74 years old (RR 3.69, Cl 2.58-5.27) and women aged 75 — 85 years old (RR 3.18, Cl 2.27-4.46 67-74).
Results were more uncertain for women aged over 85 years old. The authors also indicated that the survival
benefit in women aged 67 to 85 years persisted after allowing for a 1.25 year lead time bias or after

correction for co-morbidities.

Similarly, Van Dijck et al (1997) demonstrated a survival advantage for screened versus non-screened
women in an age cohort from 68-83 years. [3] However the estimated relative survival rate in favour of

screening was not significant (0.8; Cl 0.53-1.22).

Finally, a further retrospective cohort study found a direct survival benefit for older screened women
compared to non-screened women. [18] The authors reported that there was a significant relative survival
difference in all age sub-groups over 70. Relative risk of death for women aged 70-74, 75-79 and 80 years
old and over were estimated to be 0.45 (95% CI = 0.22-0.91), 0.47 (95% CI = 0.25-0.88) and 0.52 (95% ClI
= 0.33-0.80) respectively. The authors also indicated that women with severe or multiple co-morbidities
experienced no improvement in survival. The interpretation of results from this study are however limited
due to potential biases. The authors reported that selection bias may have occurred in the 75-79 year age
group. Finally, compared to the study conducted by McCarthy et al (2000), [20] the data were not corrected

for lead time bias.
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In addition to cohort studies, data from existing screening programmes indicate potential survival benefits
from screening older women. Data from the Netherland Screening Programme [21] reported a reduction in
breast cancer mortality by 29.5% comparing a cohort of screened women at the age of 70-75 years to a
similar cohort prior the introduction of screening. However, findings need to be considered with considerable

caution given the improvements in management of breast cancer from 1986-1997 to 1997-2003.

Finally, modelling approaches have been used to estimate the effect of introducing screening to older age
groups. These studies indicate that the relative benefit of screening older women compared to younger
women decreases as age increases. [22] Published cost-effectiveness analyses of extending screening to the

older age group are presented in section IV.
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V. RAPID REVIEW OF EXISTING COST-EFFECTIVENESS
ANALYSES FOR THE EXTENSION OF SCREENING TO
OLDER AGE GROUPS

1. INTRODUCTION

A rapid review of the literature of existing cost-effectiveness analysis of extending screening to women aged
70 years and over was undertaken, with the aim of identifying health economic models that could be used to
inform the development of our model and/or provide some indication of the benefits of extending screening
to the older age group. We focussed in particular on the modelling approach used and any assumptions made
about the potential benefit of screening on survival. The critical appraisal of each of the identified studies is
not presented in this report due to time constraints. We only report the main modelling approaches and

conclusions as to whether extending screening to the older age group represent a cost-effective option.

2. PUBLISHED EXISTING REVIEW OF EVIDENCE OF EXTENDING SCREENING TO

THE OLDER AGE GROUP

Mandelblatt et al (2003) reviewed published analyses of the cost-effectiveness of screening mammography
in women older than 65 years old. The review was conducted between January 1994 and March 2002 and
included studies that looked at the costs and benefits of extending screening mammography to the older age
group. The authors identified ten relevant studies, [22] but indicated that there were some variations between

the studies:

- discount rates varied from 3% to 6%,

- two studies included the effect of co-morbid conditions (dementia and congestive heart failure and
hypertension respectively),

- no study addressed the impact of screening on carcinoma in situ (CIS),

- furthermore, no studies addressed the issue of over-diagnosis from screening; i.e. the detection of
cancer or CIS that would not have become clinically evident,

- two studies attempted to incorporate the loss in quality of life from screening,

- most included studies examining a biennial screening interval, i.e. screening every two years,

- most models used Markov processes
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- in most studies, a shift in stage distribution from screening was modelled, and survival evaluated
using stage-specific survival,

- two studies explicitly modelled age-specific disease biology (i.e. an age dependent time for a pre-
clinical detectable phase),

- all studies assumed the same sensitivity for screening mammaography, regardless of age,

- most studies assumed a 100% uptake rate, with the exception of one study

- uncertainty was captured though univariate sensitivity analysis in most studies.

Overall, the authors suggested that over a range of assumptions, screening older women every two years
according to current medical guidelines in the US remains a cost-effective option, with an incremental cost
ranging from $34,000 to $88,000 per life years gained for screening beyond the age of 65 years. Univariate
sensitivity analysis showed that parameters that affected the ICER most significantly were the breast cancer
incidence rate, assumptions about mortality reduction, utility weights and discount rates.

Similarly, Barratt et al (2002) conducted a MEDLINE search from 1966 to July 2000 to identify decision
analytic models reporting the life years gained of extending screening to women aged over 69 years. [22]
The aim of the review was to evaluate the benefits, harms and cost of screening mammography in Australia
using results from previous published economic models. Five studies met the inclusion criteria; three of
which were not included in the review conducted by Mandelblatt. [23] Outcomes from the five economic
models were used to estimate the relative benefit of the effectiveness of screening elderly women compared
to women aged 50 — 69 years. Harms were then calculated using data from BreastScreen Queensland. The
MISCAN model was then used to calculate the cost per QALY gained assuming a biennial screening
programme among women aged 70 to 79 years old, with costs and benefits discounted at 5%. The authors
found that the benefit of screening women aged 70-79 years ranged from 40-72% of that achieved in women
aged 50-69 years and represented a cost-effective option, leading to a cost per QALY gained ranging from
$8,119 to $27,751.

3. RAPID REVIEW OF COST-EFFECTIVENESS ANALYSIS PUBLISHED AFTER 2002

A rapid review of cost-effectiveness analyses of extending screening to older women conducted after 2002
was undertaken to identify potential cost-effectiveness analyses that were not picked up in the existing

published systematic review of the literature. [22;24]
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3.1. Search strategy

A rapid systematic search was conducted in MEDLINE from January 2002 to January 2010. The following
search terms were used: “mass screening” or exploded Medical Subject Headings (MeSH) term “Mass
Screening”; “breast cancer” or exploded MeSH term “Breast Neoplasms”; “cost effectiveness™ or exploded
MeSH term “Cost-Benefit Analysis”. The additional MeSH term; “Aged” was included to limit searches to
studies relevant to screening in the older population. This was chosen to replicate the search strategy
undertaken by Mandelblatt et al (2003). [24;24]

3.2. Inclusion and Exclusion criteria

Titles, abstracts and eligible articles were examined by one reviewer. Inclusion criteria consisted of decision
analytic models that evaluated the extension of screening to women aged 70 years and over. Cost-
effectiveness analyses conducted in a specific population sub-group (for instance dialysis patients or high
risk patients such as BRCA gene mutation carriers were excluded). Similarly, studies comparing screening
mammography to MRI, or digital versus film mammography were also excluded. Finally, non-English

studies and reviews were excluded.

The number of studies retrieved at each stage is presented in Figure 1. Of the 70 papers identified as

potentially relevant, 9 studies met our inclusion criteria.

3.1. Description of studies identified though the rapid review of the literature

Lee et al (2009) investigated the most cost-effective strategy in terms of screening interval and target age
range for Korean women. [25] Analysis was conducted from the perspective of the National Healthcare
System (NHS) and modelled three health states; “disease-free”; “preclinical state” (in which the disease has
no symptoms but can be diagnosed) and a “clinical state”. The effectiveness of screening was evaluated in
terms of the probability of detecting the breast cancer while in the “pre-clinical” health state. The sensitivity
of the mammogram was assumed to be age-dependent. Similarly, the mean sojourn time was assumed to
increase exponentially as age increased (2, 3 and 4 years among women aged less than 50 years, 50-59 and
older than 60 years old respectively). The study included the cost associated with false-positives but did not
included the potential reduction in quality of life associated with the pain and discomfort from screening

mammography or recall for further investigation. The time horizon was 30 — 85 years of age.
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Figure 1: Number of study retrieved and excluded at each stage
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Costs and benefits were discounted at 3% and the authors evaluated forty possible screening strategies
varying both the screening intervals (annual, biennial, triennial), starting age of screening (30, 35, 40, 45
years old) and ending age of screening (65, 70, 75 years old). One-way sensitivity analyses were conducted
varying key model parameters. Results for each strategy examined are available in the full paper. [25] Only
results assuming a triennial screening option starting from the age of 45 years old and ending at either 70 or
75 years old are presented in this section. This was selected to reproduce as closely as possible the screening
programme in England and Wales. The authors found that screening every 3 years from the age of 45 years
old to 70 years old would allow detection of 80.4 breast cancer cases per 100,000 screens for a total cost of
$8,506,677. Extending screening to the age of 75 years old would allow detecting 85.5 cases per 100,000
screens for a total cost of $9,556,833. Based on these figures, the ICER of extending screening up to the age
of 75 years old would be $205,913 per case found compared to screening up to 70 years old. Sensitivity
analyses indicated that the model was mostly sensitive to the cost of screening mammography and discount

rates.
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Madan and colleagues (2008) performed a preliminary assessment of the cost-effectiveness of adding an
extra-round to the NHSBSP at the age of 71-73. [26] Their model simulates a hypothetical cohort of 10,000
screened women between the ages of 71 and 73 years. The model starts by estimating the number of women
who are referred for further investigation. From this group, a proportion of women are diagnosed with breast
cancer and classified by NPI group (DCIS, excellent, moderate and poor). The model estimates the NPI
distribution in the absence and presence of screening. Costs and survival are applied from the NPI group at
the point of diagnosis. Data on the recall rate and positive predictive value was extracted from the NHSBSP.
The impact of early detection on survival was derived from the BCCOM dataset in women aged 65- 79
years. The authors indicated that screening 10,000 women aged 71 -73 would lead to an ICER of £11,402 per
QALY gained. Finally the authors examined the impact of including anxiety. This was shown to influence

the cost-effectiveness of screening.

Rojnik and colleagues (2008a; 2008b) investigated the most cost-effective screening option for mass breast
cancer screening in Slovenia. [27;28] The authors constructed a time-dependent Markov model and used a
simplified TNM cancer stage classification. The natural history of the disease was described using four
clinical stages (DCIS, local, regional, distant) when the cancer may be detected by screening but shows no
clinical symptoms. Furthermore, the authors assumed that 60% of invasive breast cancers are not preceded
by DCIS. The model used a 1 week cycle length and was conducted from the perspective of the health care
payer. Costs and benefits were discounted at 3% annually. Several assumptions were used when modelling
the impact of screening on survival. The authors notably assumed that the survival of women with pre-
clinical stages of breast cancer, women screen-detected with DCIS and women with false-positive results had
similar survival rates to that of women with no breast cancer. The mean sojourn time for DCIS, local,
regional and distant pre-clinical state was assumed to be 5 yrs, 2.5 yrs, between 0.36 to 1.08 yrs and between
0.35 to 1.04 yrs respectively. The sensitivity of the mammogram was assumed to be age-dependent. The
uptake rate and recall rate for further investigation were assumed to be 75% and 7% respectively. This study
included quality of life, and was evaluated according to treatments received at the point of diagnosis. The
authors also incorporated the reduction in quality of life after a false-positive result. The authors examined
different screening options in regard to the starting age (40, 45, 50 years old), ending age (65, 70, 75, 80
years old) and screening intervals (annual, biannual, triennial). Sensitivity analysis and probabilistic
sensitivity analysis were also conducted to ascertain the uncertainty in results. Results for the 36 scenarios
examined are available in the full paper. [27] This section only presents the results for the screening option
starting at the age of 50 years old assuming screening every 3 years. The authors estimated that screening
from the age of 50 years old up to 70 years old would provide 0.0477 additional Life Years Gained (LYG) or
0.0415 QALYs compared to no screening for an additional cost of €294.20. Extending screening up to the
age of 75 years would provide 0.0501 additional LYG and 0.0435 QALYSs for an additional cost of €322.90
compared to no screening. Finally, extending screening up to the age of 80 years old was estimated to
provide 0.0518 additional LYG and 0.0447 additional QALYs compared to no screening for an additional
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cost of €354.30. Based on these figures, the ICER of extending screening up the age of 75 years compared to
70 years is estimated to be €11,958 per life years gained and €14,350 per QALY gained. The ICER of
extending screening up to the age of 80 years old compared to screening up to 75 years old lead to an ICER
of €18,471 per life year gained and €26,167 per QALY gained. The authors reported that results were most
sensitive to discounting, percent of DCIS progression to invasive cancer, recall rate, relative mortality in the
regional stage, percent of invasive diagnoses, cost of mammography examination and percent of invasive

cancer preceded by DCIS.

Wong and colleagues (2007) investigated the cost-effectiveness of biennial mammography in Hong Kong
Chinese women. [29] A state-transition Markov model was constructed and followed a hypothetical cohort
of women from 40 years over a lifetime using a yearly cycle length. Five breast cancer states were defined;
DCIS, stage |, stage I, stage Il and stage 1V invasive cancer. Women with DCIS were assumed to have an
increased risk of developing breast cancer for the first 10 years. Women with invasive breast cancer were
assigned a one year breast cancer specific mortality. Women diagnosed with stage I, Il and Ill could then
subsequently develop metastatic recurrence and transition to the stage IV health state. The sensitivity of
screening was assumed to be the same, regardless of age. The authors assumed that all women diagnosed
with invasive cancer would undergo annual mammography as a diagnostic tool. Costs and health effects
were discounted at 3% annually and public and private sector costs were included. The authors included
quality of life through QALYs. The utility weights for full health (disease free), stage I, stage I, stage Il and
stage 1V was assumed to be 1, 0.95, 0.9, 0.8, 0.7 and 0.3 respectively for the time spent in each health state.
Univariate and probabilistic sensitivity analyses were conducted. The authors compared biennial screening
from the age of 40 or 50 years up to the age of 69 or 79 years compared to no screening. Results were also
presented for a set of scenarios for Hong Kong or the US using a single or multiple cohort models. Only
results for Hong Kong for the single cohort model are presented in this section. The authors found that the
discounted life year for screening from the age of 50-69 years old was 2,375,330 for a total discounted cost
of US $170.75 million. Extending screening to the age of 79 years lead to 2,375,450 life years for a total cost
of US $201.99 million. Based on these figure, the ICER of extending screening up to the age of 79 years old
compared to 69 years old is estimated to be US $260,333 per life year gained.

Stout and colleagues (2006) performed a retrospective cost-effectiveness analysis comparing actual and
alternative screening mammography scenarios. [30] A discrete-event simulation (DES) model of breast
cancer epidemiology was constructed to estimate the costs and the number of QALYs associated with
different screening options. Unobservable model parameters for natural history were calibrated to fit age-
adjusted, stage-specific breast cancer incidence from the SEER programme and breast cancer mortality data.
The life history was generated through four separate models: the natural history of breast cancer, breast

cancer detection, breast cancer treatment and breast cancer mortality. Breast cancer was assumed to progress
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between disease states using a Gompertz growth model for tumour size. A stage (in situ, localized, regional
and distant) was then assigned based on the tumour size and the spread of lymph nodes at the time of
diagnosis. The sensitivity of screening was assumed to be a function of age and tumour size. The model
assumed that all women received treatment at the time of breast cancer detection and the effectiveness of
treatment was assumed to be dependent on age and prognostic profile at diagnosis. Age-specific utility
weights were applied for each state and loss in quality of life from screening results was included. Costs
were considered from a payer perspective and costs and health effects were discounted at 3% annually. The
authors examined 65 scenarios in regard of the starting age (40, 45, 50, 55), ending age (65, 70, 75, 80) and
screening interval (annual, biennial, triennial or every 5 years). Only results for triennial screening from the
age of 55 years old up to 70 or 75 years old are presented in this section. The authors estimated that
screening from the age of 55 years old up to 70 years old is associated with a mean cost of $130 billion for a
mean number of QALY of 946.4 million. Extending screening up to the age of 75 years would cost $136
billion for a mean number of QALY's of 946.5. This equates to an ICER of about $60,000 per QALY gained.
The authors reported that results were mainly sensitive to the participation rate and assumptions about the

quality of life.

Ohnuki and colleagues (2006) investigated the cost-effectiveness of different screening strategies (annual
Clinical Breast Examination (CBE), annual CBE and screening mammography and biennal CBE and
mammaography and screening intervals. [31] The model simulated a cohort of 100,000 women participating
in screening. Those who did not develop breast cancer since the previous screening are then included, i.e.
that those women who have developed breast cancer are excluded thereafter. The number of subjects recalled
for further investigation and the number of cancers detected was calculated from the sensitivity and
specificity of the appropriate screening strategy. Costs were evaluated from a payer’s perspective and costs
and life years were discounted at an annual rate of 3%. Sensitivity analysis was also carried out to identify
key parameters that influenced the ICER. Assuming biennial screening CBE and mammaography, the ICER
for screening women at the age of 70-79 was estimated to be YEN 4,009,740 / year (= £31,000 / year).
Sensitivity analyses indicated that results were sensitive to the sensitivity, specificity and cost of screening

mammaography.

Finally, Mandelblatt and collaegues (2005) evaluated several screening policies based on age and quartile of
life expectancy. [32] The authors constructed a discrete-event simulation (DES) of the natural history of
breast cancer using Monte Carlo Simulation. Biennial screening was started at the age of 50 years and
extended up to 70 or 79 years or a lifetime. The life history of the “same” woman was simulated under all 3
screening strategies. For each simulated woman, the model assigned a date of death, a date of preclinical
disease and an age at presentation due to clinical symptoms. The stage distribution at diagnosis in

asymptomatic women was then sampled from the age specific distribution in unscreened women. If a tumour
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was detected before the age at presentation from clinical symptoms, a new stage was calculated using Bayes’
theorem. Women who developed breast cancer were randomly assigned an ER status and treatment was
sampled from the current pattern of care given the age, stage at presentation and ER status. Survival was
sampled from the age, stage, ER status and treatment. The authors also included age-specific test
characteristics. The study included the impact on quality of life in sensitivity analysis assuming a utility
weight of 0.95 in the absence of treatment, 0.87 in the presence of DCIS, 0.84 for local and regional disease,
0.55 for distant disease, 0.93 for surviving cancer and 0.55 for living with metastasis. Utilities were applied
for 1 year post diagnosis. This study was conducted from a payer perspective and cost and health effects are
discounted at 3% annually. The uncertainty was considered through univariate sensitivity analysis. The
authors reported that extending screening up to the age of 79 years old compared to screening up to 70 years
led to an ICER of $82,063 per life years gained. The ICER increase to $151,434 per life year gained when
extending screening over lifetime. The cost per QALY gained was $155,865 and $368,801 respectively. The
authors also reported that the ICER for screening women with a life expectancy in the first and second
quartiles was $57,934 and $126,629 per life years gained respectively. Finally, univariate sensitivity analysis
indicated that results were mainly sensitive to the quality of life, discount rate, screening interval, incidence

rate and dwell time.

4. CONCLUSION OF THE REVIEW

Since the last published review [24], several cost-effectiveness analyses have been conducted investigating
the costs and benefits of extending screening to older women. Similar to the finding from the previous
review of the literature, the methodology and assumptions used between most cost-effectiveness analyses
varied. However, recent models use more complex modelling approaches and tried to match as closely as
possible the natural history of breast cancer. Compared to previous published cost-effectiveness analysis,
more models identified after 2002 included the impact of early detection on CIS and potential over-

diagnosis.

Overall, despite differences in methodology and assumptions, studies indicates that extending screening up

to 80 years old has the potential to represent a cost-effective option.
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V.SCHARR COST-EFFECTIVENESS MODEL

1. MODEL OVERVIEW

A patient-level simulation model of breast cancer screening among older women has been built in R software
(version 2.11.1) that allows the impact of different screening policies on cancer diagnosis and subsequent

survival to be assessed.

The model has two parts — a natural history model of the progression of breast cancer up to discovery, and a
post-diagnosis model of treatment, recurrence and survival. The model is calibrated to routine data from the
NHSBSP, registry data from the West Midlands Cancer Intelligence Unit (WMCIU) and data from the
Eastern Cancer Registration and Information Centre (ECRIC). [33;34] The impact of breast cancer diagnosis
on survival is evaluated using registry data derived from the impact of prognostic profile at diagnosis. Cost
and benefits post-diagnosis are then calculated to determine the upper age limit at which screening
mammography represents a cost-effectiveness use of NHS resources among elderly women regardless of

health status.

2. PART ONE: MODELLING THE NATURAL HISTORY OF BREAST CANCER IN

ELDERLY WOMEN

2.1. Model structure

The natural history model has two aspects — metastatic progression and growth of the primary tumour. Figure
2 illustrates how the model represents the spread of the disease. There are four stages of progression — in situ,
local, regional and distant. In addition, regional metastasis is divided into two states according to the number

of nodes involved — few nodes (1-3) and many nodes (4+).

The model simulates progression through these stages for individual women. Each woman develops a
carcinoma in situ at age “tstart”, which becomes invasive at age “tstart+tcis”. Nodal involvement occurs at
age “tstart+tcis+treg”, and distant metastasis at age “tstart+tcis+treg+tdist”. If “treg” is less than “tdist”,
then the woman will go through a state of regional metastasis with 4+ nodes involved, lasting from age

“tstart+tcis+treg+treg” to age “tO-+tcis+treg+tdist”.
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We define each state in terms of clinically detectable disease. One consequence is that by the time a tumour
is detectable, it may have already become invasive. We use the index “ICIS” for this case, so that “ICIS” =1
if the disease passes through a detectable in situ stage, and “ICIS” = 0 if it is already invasive at the earliest
point at which it is detectable. Then, “tcis” is defined as 0 if “ICIS” = 0, and “tinv” if “ICIS” = 1, where

“tinv” is the time for a detectable carcinoma in situ to become invasive.

The second component of our natural history model is a growth model for the primary tumour. We assume
that the tumour follows a Gompertz growth curve, in which the size at time S, depends on the time from
invasion (t — to), the time at which the tumour would present in the absence of screening (tsymp),the size at t,

(So) and the size at presentation (Sp), and a growth rate parameter <, according to the formula:

Formula 1:Gompertz growth curve

T
s, {MJ (Ss ~S0)

t

symp

Figure 2: Health states for progression component of breast cancer natural history mode?l.
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An example Gompertz growth curve where t=0.5, Sp=40mm and tsymp = 4 is illustrated in Figure 3. We
assume that presentation in the absence of screening is linked to the size of the tumour, and that this occurs
when the tumour reaches a size Sp. The growth model can then be used to determine the time te,m, taken for
the tumour to reach this size. This gives the age at presentation in the absence of screening
(“tO+tcis+tsymp™). This can be compared with “treg, treg+” and “tdist” to determine the stage at

presentation.

Figure 3: Illustration of a Gompertz tumour growth model.
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To allow for variability in the course of the disease between women, we define probability distributions from
which the times given above are sampled for each individual. Table 1 gives a list of the variables (transition
times and other variables) used by the model. Transition times are assumed to have a Weibull distribution
with shape o (referred to in table one as parameter 1) and scale A (referred to in table one as parameter 2).
The size of the primary tumour at presentation is assumed to have a lognormal distribution with mean pp and
standard deviation op. Each woman is assigned a grade g=1,2 or 3 which remains fixed during the course of
the disease. To allow for disease heterogeneity, “tsymp” and “treg” are assumed to depend on tumour grade.
For these times, the scale of its Weibull distribution is assumed to follow the equation log(A) = B° + B*(g-2).

We also allowed the mean and standard error of Sp to depend on grade in a similar way.
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Table 1: List of variables used in the natural history model.

Variable | Description Distribution Parameterl | Parameter2
tstart Age at which detectable disease first | Weibull o Ao
appears
tinv Time for disease which is CIS at t0 to | Weibull Oliny Ninv
become invasive.

teis Time from tO to local invasion function of t;,, and lgs

treg Time from local invasion to nodal Weibull Olreg Mrege
involvement Areg_grade

treg+ Time from initial nodal involvement | Weibull Olreg+ Areg+

to involvement of 4+ nodes.

Laist Time from nodal involvement to Weibull Olgista Adista

distant metastasis
Olgistb Adistb

toymp Time from local invasion to Weibull Olsymp Asymp:
symptomatic presentation in the Asymp_grade
absence of screening

Sp Size of primary tumour at lognormal Hp:lp grade | OP+ OP_grade
presentation

lais Equals 1 if the disease is CIS atty, 0 | Bernouilli Pcis
otherwise

T rate Bernouilli pr

Sinv probability of detection for invasive | Bernouilli pSensiny
cancer

Bcis probability of detection for CIS Bernouilli pSenscs

The model as described allows for the impact of any screening programme to be assessed in terms of its
potential to change the prognostic profile (size and metastatic status) at detection. From the growth curve, it
is possible to determine the size of the tumour (if one is present) for any woman in any given screening

round. If an invasive tumour is present, the test sensitivity pi,, is assumed to depend on tumour size at screen
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(Sm) according to the formula pj,, = 1 — exp (8iny * Sm). For CIS, the sensitivity pcs is assumed to be

constant. Sensitivity was defined as the probability of detecting the cancer in case of screening.

For the transition times that are grade dependent (tymp & treg), determining the scale requires two parameters
(B°, BY) rather than one, which adds two additional parameters. Two further parameters are needed to
represent the link between grade and size at presentation (S;). We also need values for the growth rate t in
the Gompertz growth formula, and the two sensitivity parameters (3¢ & Sinv).FOr the model to be used to
simulate individual life histories and analyse alternative screening strategies, values must be found for the 24

parameters listed in Table 1.

2.2.  Description of suitable data to calibrate the model

2.2.1. Published literature on the age-specific incidence of breast cancer in the

absence of screening

Data about the incidence of breast cancer in England and Wales in the absence of screening is necessary to
calibrate the model. However, most studies conducted only report the incidence of breast cancer after the
implementation of the screening programme. This led to overestimation of the “true” incidence of breast

cancer in the absence of screening as screening is expected to lead to earlier and over-diagnosis.

The literature was searched to identify potential data sources about the incidence of breast cancer in England
and Wales before the implementation of the screening programme. A recent published study by Woods et al
(2010) was identified comparing breast cancer incidence in England and Australia by age, extent of disease
and deprivation at different time period before and after the implementation of screening. [35] Data from
68,725 women aged 15-99 years diagnosed with breast cancer were analysed in the West Midlands between
1980 to 2002 and were compared to data from England from a previous published study conducted among

143,560 women with breast cancer after the implementation of screening.

Incidence by age was not reported by Woods et al for England as a whole, but was available for the West
Midlands. [35] Analysis showed that the age-standardised incidence rates for primary invasive breast cancer
in the West Midlands and England were very similar (Figure 4) during the period 1988-1994 (period for
which data were available for England). The incidence before screening from the West Midlands was
therefore used to represent the incidence of breast cancer in England and Wales before the implementation of

the screening programme.
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Figure 4: Comparison of the age-standardised incidence rate in England and in the West Midlands
(reproduction of Figure 1 [35])
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Age-specific incidence was available in the West Midlands for different time periods (Figure 5). We used
data for the year 1984-1987 as this was the closest period before the implementation of the screening

programme in England and Wales.

Figure 5: Age-specific incidence of breast cancer per 100,000 women-years in the West Midlands
(reproduction of Figure 2 [35])
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Unfortunately, it was not possible to have direct access to the data from this study. Therefore, a polynomial
curve was fitted to the observed age-specific incidence in the West midlands estimated using TechDig
(Figure 5) in order to approximate the age-specific incidence from the age of 20 to 89 years old. The fitting
of the estimated curve is presented in Figure 6.

Figure 6: Fitted curve to the observed age-specific incidence in the West Midlands for the period 1984-1987
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2.2.2. Data on the impact of screening on the detection of carcinoma in situ and

invasive cancer

We used data collected from the NHS Breast Cancer Screening Programme (NHSBSP) to evaluate the
impact of screening on the detection rate (sensitivity) for carcinoma in situ and invasive cancers. Routine
screening is not yet available among women aged over 70 years old. Consequently, data for women aged 60
— 70 years was used to approximate the effect among older women. While some data were available for
women aged over 70 years old, it was believed that these women would not be representative of the “true”
impact of screening as some of them are believed to have self-referred after suspicion of breast cancer
symptoms. Data for the year 2006 were used and included data on the number of women screened; the

number of women detected and the tumour size at detection (Table 2 & Table 3).
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Table 2: Screening data among women invited for the first time (NHSBSP)

AGE No. (SN) | Cancers Status CIS 0-10mm | 10-15mm | 15-20mm | 20-50mm | >50mm
Scree Detected know | No. No. No. No. No. No.
ned N n (% of (% of (% of (% of (% of (% of

0. Status Status Status Status Status Status known)
(% of k k k k k
Screened) no n no no no
wn) 0 wn) wn) wn)
w
n)
60-64 7028 90 89 12 17 20 10 29 1
(100%) (1.28%) (100%) (13.5%) (19.1%) | (22.5%) (11.2%) (32.6%) (1.1%)
65-69 4869 87 81 17 17 18 14 15 0
(100%) (1.79%) (100%) (21.0%) (21.0%) | (22.2%) (17.3%) (18.5%) (0.0%)
70 581 11 11 3 2 1 1 3 1
(100%) (1.89%) (100%) (27.3%) (18.2%) | (9.1%) (9.1%) (27.3%) (9.1%)

Table 3: Screening data among women that previously attended screening (NHSBSP)

Category two — repeat attendees

AGE No. (SN) | Cancers Status CIS 0-10mm 10-15mm 15-20mm 20-50mm >50mm
Scree know No. No. No. No. No. No.
ned n (% of (% of (% of (% of (% of (% of
Status Status Status Status Status Status known)
Screened detected Known Kkno Kn Kkno Kkno Kkno
wn) ow wn) wn) wn)
n)
60-64 338794 2727 2649 520 571 595 436 489 38
(100%) (0.80%) (100%) (19.6%) (21.6%) (22.5%) (16.5%) (18.5%) (1.4%)
65-69 227803 2019 1972 371 409 493 303 379 17
(100%) (0.89%) (100%) (18.8%) (20.7%) (25.0%) (15.4%) (19.2%) (0.9%)
70 14777 145 144 24 37 40 18 24 1
(100%) (0.98%) (100%) (16.7%) (25.7%) (27.8%) (12.5%) (16.7%) (0.7%)

2.2.3. Reqistry data from the West Midlands Cancer Intelligence Unit

Anonymised patient level data on the prognostic profile at diagnosis of older women (over 70) with breast
cancer in the West Midlands was made available (Jan 03 — Dec 07). The dataset included 6,859 women with
breast cancer aged 70 years and over. The mean age was 79.77+6.4 years old and 98.24% (n=6,738) of
women presented due to symptoms. Data was available for 3,564, 5,327, 5,683 and 3,641 women on their

tumour size, grade, ER status and number of positive nodes. [33]

The mean tumour size at diagnosis was 25.17+£16.24 mm and the mean NPI score was 4.26+1.25. Eighty-five
percent of women were ER+ (n=4,855). Furthermore, 15.17% (n=808), 53.61% (n=2,856) and 31.22%
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(n=1,663) of women were grade 1, 2 and 3 respectively. Finally, information was available for distant
metastasis among 6,836 women with only 0.34% (n=23) women diagnosed with distant metastases. About
3.7% (n=257) of women had carcinoma in-situ (CIS).

Data from the WMCIU (2003-2007) were used to calibrate the natural history of breast cancer in older
women in the absence of screening. [33] This provided information on the tumour size distribution at
diagnosis, ER status, nodes and grade. Table 4 presents the distribution of older women that presented due to
symptoms by grade, nodes, ER status and tumour size group. The model was calibrated against this table.

Table 4: Distribution of older women (70+) diagnosed with breast cancer by grade, nodes, ER status and
tumour size (n = 2,940)

ER- ER+
Grade Grade
1 2 3 1 2 3
No positive nodes
0to 10 mm 2 9 12 49 67 10
10to 15 mm 0 14 19 7 157 35
15to 20 mm 4 13 37 67 202 72
20to 25 mm 0 9 40 50 181 73
25t0 30 mm 0 4 34 20 123 51
30to 40 mm 0 8 35 20 88 39
40 mm+ 0 7 30 11 51 30
1to 3 positive nodes
0to 10mm 0 0 3 5 2 1
10to 15mm 1 3 3 15 29 8
15to 20 mm 0 5 10 19 68 31
20to 25 mm 2 9 11 13 78 36
25to 30 mm 0 0 14 10 42 44
30to 40 mm 0 4 20 12 69 35
40 mm+ 0 6 24 1 54 42
4 positive nodes or +
0to 10 mm 0 0 1 1 2 0
10to 15mm 0 0 2 1 5 5
15to 20 mm 1 5 9 2 22 13
20to 25 mm 0 0 10 2 33 19
25t0 30 mm 0 3 10 4 33 18
30to 40 mm 0 4 16 3 46 44
40 mmt+ 0 6 R 4 54 66
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2.2.4. Eastern Cancer Registration and Information Centre

Data from the WMCIU were complemented with registry data from ECRIC. [33;34] It was not possible to
have direct access to an anonymised patient level dataset. However, we were able to make some requests to
run specific analyses. The dataset included 3,757 women aged over 70 years and diagnosed with breast
cancer. The mean age was 78.9+6.3 years and 95.7% (n =3,596) of women presented due to clinical
symptoms. Data was available for 2,653, 2,902, 2,081 and 1,842 women on their tumour size, grade, ER

status and number of positive nodes.

The mean tumour size at diagnosis was 27.7+18.7 mm and the mean NPI score was 4.2+1.2. Eighty-six
percent of women were ER+ (n=1,788). Furthermore, 17.3% (n=502), 54.79% (n=1,590) and 27.91%
(n=810) of women were grade 1, 2 and 3 respectively. Finally, information was available for distant

metastasis among 3,578 elderly women with 7.7% (n=276) women diagnosed with distant metastases.

We used data from the ECRIC for two purposes: [34]

- to calibrate the proportion of women presenting from distant metastasis (Figure 7), as we felt this
was more likely to be accurate (compared to WMCIU?®) based on other published estimates,

- validate the results of the calibration of the natural history model. The natural history was calibrated
against the WMCIU data. [33] ECRIC data was used to ensure that the calibrated natural history

would be representative of other regions in England and Wales. [34]

Figure 7: Proportion of women presenting with distant metastasis by age group (ECRIC)
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® data from the WMCIU could not be used for that purpose given the very small number of women diagnosed with
distant metastasis and consequent uncertainty about data quality in this respect..
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2.3. Calibration approach

Of the 24 model parameters, only 6 are directly observable (those relating to grade and size at presentation).
These were fitted directly to the WMCIU dataset. [33] Fitting the remaining 16 parameters is not
straightforward, since they are not directly observable. We used Monte Carlo simulation to estimate the
value of the likelihood. This involves simulation of a cohort of women given a set of model parameter
values. Once the life history of the cohort is simulated, this information can be used to generate estimated
values for the observed data to which the model is being fitted. These estimated values can be used to
calculate proportions, which are estimates of the true probabilities for the multinomial data. If the cohort is
sufficiently large, the resulting estimates of the likelihood at the given input parameter values will be

reasonably accurate.

The Monte Carlo estimation procedure begins with selecting a trial vector of parameter values. These are
used to sample transition times for a cohort of N women (N was set at 1 million for fitting each model, based
on PC memory limits). The simulated life histories are used to generate predicted values for the available
data. This data consists of tables, and the likelihood function for the data is therefore multinomial, and
dependent on the probability that any given individual would be in any given cell of the relevant table. We
estimate the values for these probabilities for the chosen trial vector by converting the predicted values into
proportions in each cell. This gives an estimated value for the likelihood function of the data. We sought
values for the parameters that maximised the likelihood of the available data, estimating using Monte Carlo
simulation as described above. That process estimates the likelihood with an error due to the finite size of the
simulated cohort, which makes use of common numerical methods for finding maxima problematic. We

chose to use a simple but robust search algorithm to identify parameter values that maximised the likelihood:
This involved a 5 step approach:

- Step zero: Choose a starting vector of model parameters,

- Step one: Generate a random sample (we used a sample size of 50) of parameter values with a mean
equal to the starting vector,

- Step two: For each vector, estimate the likelihood using the Monte Carlo simulation process,

- Step three: Fit a regression model to the results from step two, with the likelihood as the dependent
variable and the parameter values as the explanatory variable,

- Step four: Identify the parameter value which gives the highest likelihood under the regression
model,

- Step five: return to step one, setting the starting value to equal to the vector identified in step four.

This process is repeated until the likelihood achieved is stable for 100 iterations.
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2.4. Results of the calibration exercise

2.4.1. Calibrated distribution

e Proportion of invasive cancer preceded by CIS (“Icis”)

We estimated that about 46% of invasive cancers are preceded with CIS

e Time to invasive cancer among women with invasive breast cancer preceded by CIS (““tcis”)

We estimated that the mean time from CIS development to invasive cancer was 2.92 £2.44 years (median;
2.28; 1Q: 1.10 — 4.07). The time distribution is presented in Figure 8.

Figure 8: Time distribution from appearence of the disease to the presence of invasive cancer (among
women who have invasive cancer preceded by CIS)
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e Time at which the disease is present due to clinical symptoms from the point at which the disease

become invasive (“tsymp”)

We assumed that time at which the disease presents with clinical symptoms was correlated with the grade
status. The mean time was estimated to be 3.89£1.60 (median: 3.80; 1Q: 2.73 — 4.97 years), 3.83+1.57
(median: 3.75; 1Q: 2.68 — 4.89 years) and 3.77+£1.55 (median: 3.70; 1Q: 2.64 — 3.78 years) for women

diagnosed with grade I, Il and Il respectively.
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Figure 9: Time to symptoms (grade 1)
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Figure 10: Time to symptoms (grade 2)
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Figure 11: Time to symptoms (grade 3)
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e Time to nodal invasion (“treg”)

We assumed that time to nodal invasion was correlated with the grade status. The mean time was estimated
to be 4.87+£2.67 (median: 4.51; 1Q: 2.84 — 6.52 years), 3.59+1.97 (median: 3.33; 1Q: 2.10 — 4.80 years) and
2.64+1.45 (median: 2.45; 1Q: 1.54 — 3.53 years) for women diagnosed with grade I, Il and I11 respectively.
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Figure 12: Time to nodal invasion; Grade 1
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Figure 13: Time to nodal invasion; Grade 2
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Figure 14: Time to nodal invasion; Grade 3
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e Time to regional invasion (“tmanynodes”)

We estimated that the mean time to regional invasion was 1.47 +0.20 years (median; 1.49; 1Q: 1.35 — 1.61).

The time distribution is presented in Figure 15.
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Figure 15: Time to regional invasion
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e Time to presence of distant metastasis due to clinical symptoms

This was a function of “tdist” and “tmetspres”. We estimated that the mean time to presence due to distant
metastasis was 5.28 £0.64 years (median; 5.304; 1Q: 4.87 — 5.72). The time distribution is presented in
Figure 16.

Figure 16: Time from presentation to distant metastasis
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e Tumour size distribution at presentation, in the absence of screening

We assumed that tumour size was correlated with the grade status. The mean tumour size was estimated to
be 23.93+£10.68 (median: 21.87; 1Q: 16.42 — 29.11 mm), 24.83+£13.37 (median: 21.86; 1Q: 15.56 — 30.73
mm) and 25.88+16.30 (median: 21.88; 1Q: 14.81 — 32.37 mm) for women diagnosed with grade I, 11 and 111

respectively.
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Figure 17: Tumour size (gradel)
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Figure 18: Tumour size (grade 2)
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e Calibrated probability of detection by screening

The probability of detection for invasive cancer was assumed to be size-dependent and to increase
exponentially as the tumour size increased (Figure 20). We also modelled separately the probability of
detection for CIS, this was estimated to be around 49.24%. Note that the probability of detecting CIS was
modelled to be constant given the structure of the model (we assumed that CIS is a categorical variable, i.e
that that women would either present with or without a CIS)

Figure 20: sensitivity for cis and sensitivity for invasive cancer for screening mammography
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24.2. Comparison of observed versus predicted

Overall, the calibration algorithm provides a good fit of the model to the whole of the calibrated data. The
predicted age specific breast cancer incidence closely matches the incidence data observed in the West
Midlands (Figure 21). As sligtly poorer fit in breast cancer incidence was observed in younger women aged
less than 40 years old. The fit also diverged after the age of 85 years old. This may arise from the structural

assumptions and the use of a Weibull distribution to model the time of the start of the disease.

Figure 21: Calibrated incidence versus Observed incidence before screening (Figure 6: 1984-1987 in WM)
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Similarly, a reasonably good fit was observed for the screening data overall (NHSBSP 2006). The poorest fit
was observed for data in women aged 70 years (Figure 24) given the small sample size. Indeed, the
calibration algorithm put more weight in the younger age group where more data were available (345,822 in
women aged 60-64, 232,672 in women aged 65-69 and only 15,358 in women aged 70 years old). The model
provided a reasonably good fit in women aged between 60-64 and 65- 69 years in terms of numbers of
cancers detected, type of cancer detected (carcinoma in situ or invasive) and tumour size distribution at
detection (Figure 22 & Figure 23). Furthermore, a better fit was observed for women that previously
attended screening compared to women screened for the first time. This is likely to arise from the greater
number of women that previously attended screening compared to women that have been screened for the

first time.

Figure 22: Calibrated tumour size at detection vs observed distribution from the NHSBSP (2006) in women
aged 60-64 years old (previous attenders Table 3)
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Figure 23: Calibrated tumour size at detection vs observed distribution from the NHSBSP (2006) in women
aged 65-69 years old (previous attenders Table 3)
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Figure 24: Calibrated tumour size at detection vs observed distribution from the NHS BSP (2006) in women
aged 70 years old (previous attenders Table 3)
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Finally, the model was also calibrated against natural history data from the West Midlands and East Anglia
for older women presenting due to clinical symptoms of breast cancer. The fit was found to be reasonably
good when comparing the proportion of elderly women by grade, nodal status, ER status and tumour size
(Figure 25 & Figure 26). A good fit was also observed for the proportion of women presenting with distant
metastasis compared to data from the ECRIC (Figure 27). [34]

Figure 25: Calibrated distribution of patient by grade, nodes and ER in symptomatic women vs observed
distribution from the WMCIU in women aged 70+ (Table 4)
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Figure 26: Calibrated tumour size distribution among women presenting symptomatically vs observed
distribution from the WMCIU in women aged 70+ (Table 4)
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Figure 27: Calibrated proportion of patients presenting from distant metastasis vs observed proportion from
the ECRIC in women aged 70+ (Fiqure 7)
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2.5.  Model validation

25.1. Natural history

The calibrated natural history was validated against a separate dataset; the ECRIC dataset and was found to
be similar in terms of the proportion of women aged 70 years old and over by grade, nodal status, ER status

and tumour size groups (Figure 28 & Figure 29). [34]

Figure 28: Calibrated distribution of patient by grade, nodes and ER in symptomatic women vs observed
distribution from the ECRIC in women aged 70+
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Figure 29: Calibrated tumour size distribution versus observed distribution from the ECRIC in women aged
70+

25% -

20% -

15% -

Distribution

10% -

5% -

0% -

0-10mm
10-15mm
15-20 mm
20-25mm
25-30mm
30-40 mm

40mm+

B ECRIC ™ Predicted

University of Sheffield, SCHARR, HEDS | [k



Furthermore, we estimated that about 7.5% of women would present from distant metastasis derived from
data from the ECRIC. [34] This was similar to the proportion reported in other studies conducted in older
women. In a Dutch cohort, Bastiannet et al (2010) indicated that 3.7% of women aged 15 — 64 presented
from distant metastasis, compared to 5.2% for 50-84 years old, 6.7% for 85-89 and 4.4% for women aged
over 90 years old. [36] Similarly, a UK study conducted reported that 6.6% of women aged 70 years and
over presented from distant metastasis (Figure 30). [10]

Figure 30: Proportion of patients diagnosed with distant metastasis.
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Finally, we also compared the mean sojourn time estimated from our model to estimates from the literature.
Our model predicted a mean sojourn time of about 5.15 years (median: 4.67; 1Q: 3.28 — 6.42) including CIS.
The mean sojourn time without CIS was estimated to be 3.82 years (median: 3.74; 1Q: 2.67 — 4.87).
Evidence from the literature suggests that the mean sojourn time lies between two to four years in women
aged 50-69 years old and that the better biology in older women would lead to a longer mean sojourn time.
[37-40]

Weedon Fekjaer and colleagues (2005) estimated the mean sojourn time to be 4.6 years in women aged 50-
59 years and 4.9 for women aged 60-69 years old (increasing up to 7.0 years when excluding data from
women reporting earlier mammography prior to the screening programme). [40] A recent study conducted by
the same authors estimated the mean sojourn time to be 2.3 years for women aged 50-59 years old and 3.5
years for women aged 60-69 years old. [41] While it is difficult to compare our estimate with previous

studies, the estimated mean sojourn time is in line with findings from the literature.
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25.2. Impact of screening

As women aged 70 years and over are not currently part of the NHSBSP, it is difficult to validate the
estimated impact of screening from our model. Data from the literature around the sensitivity of screening
mammaography in elderly women was however available and indicated that the sensitivity for invasive cancer
ranged from 85-95%, with the sensitivity increasing with age. Our study assumed the probability of detection
to be size-dependent. To our knowledge there is no direct evidence on the sensitivity of screening
mammaography by tumour size. A previous modelling study found that the screen test sensitivity increased
sharply with tumour size (Figure 31). [42] We also found the sensitivity to increase rapidly with size.
Finally, while it is difficult to estimate the probability of detection for CIS in the absence of a gold standard,
studies indicated that the sensitivity for screening mammography for detecting DCIS was variable and
ranged from 22% to 86%. [43-46] Our estimate for the probability for detecting CIS was well within this
range, at around 49.2%.

Figure 31: Calibrated sensitivity of screening mammography for invasive cancer vs estimated sensitivity
reported by Weedon et al (2007)
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3.

PART TWO: MODELLING THE IMPACT OF SCREENING ON RESOURCE USE,

COSTS AND BENEFITS

3.1. Decision problem and method of analysis

We evaluated the following strategies for extending the current NHSBSP:

Strategy So: The current NHSBSP, which we define as a final invitation at age 69 (in practice the age
at which the final invitation is received varies between 68-70, but for simplicity we assume the same
age for all women).

Strategy S;: One additional screening round for women aged 72.

Strategy S,: Two additional screening round for women aged 72 and 75

and so on up to

Strategy S;: Seven additional screening rounds for women aged 72, 75, 78, 81, 84, 87 and 90

We compared the incremental costs and benefits of each strategy S;.; to the previous strategy S;. In each

case, these costs and benefits relate to the additional screening round. Therefore, we estimate the costs and

benefits

follows:

1)

2)

3)

4)

of each screening round in turn. We identify the costs and benefits for each screening round as

We use the natural history model described in section V.2 to simulate life histories for a large sample
(1 million, determined by PC memory limits) of women.

For each simulated woman, we determine whether she has detectable asymptomatic disease at any of
the screening rounds included in strategy S;

We then determine, for each screening round where this is the case, whether screen-detection occurs
or fails due to either non-attendance or a false negative test. Where screen detection would occur in
more than one round, we assume that it actually occurs at the earliest instance. Where the Detectable
Pre-Clinical Phase begins before age 69, we also consider whether the disease would actually be
detected in the current NHSBSP. If so, no costs or benefits accrue for any of the strategies given
above. All simulated women who have not been diagnosed with breast cancer (either
symptomatically or in a previous screen) are assumed to incur invitation costs. The women who
actually attend incur screening costs. Those who receive a positive result incur diagnostic costs. For
those who are diagnosed (identified as described above), we calculate the net costs and benefits of
screening by determining the treatment and costs of recurrence and survival of these women, then
subtracting the costs and benefits that would accrue if they had not been detected through screening.
The final step is to calculate the incremental costs and benefits of S;.; compared to the previous

strategy S;
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3.2.  Overview of the model structure

This section describes a model to evaluate the impact of the implementation of screening mammaography in
older women upon resource use, costs, mortality and morbidity (quality of life) compared to current practice

in the UK, i.e. no routine screening.

A Discrete Event Simulation (DES) type model was developed in R Version 2.11.1 Software. The model is

separated into five components:

modelling the life history of breast cancer in older women in the absence screening (i.e. current

strategy),

- evaluate the impact of introducing screening mammography on the stage at diagnosis of breast
cancer,

- estimate the survival after diagnosis of breast cancer among women presenting due to clinical
symptoms and screen-detected women,

- evaluate resource use, costs and impact of breast cancer diagnosis on quality of life

- calculation of the ICER

3.2.1. Modelling the life history of breast cancer in older women in the absence of

screening

We simulated the life history of one million of women using the natural history model and calibrated the
parameter set described in section V.2. We sampled a million women who would potentially develop breast

cancer after the age of 60 years.

For each individual woman, the model simulates the age at which the disease appears (“tstart”), the age at
which the cancer become invasive (“tcis) and the age at which the cancer become symptomatic (“tsymp”) in
the absence of screening. The model also simulates the spread of the disease (in-situ, local, regional, distant)

and tumour growth at the point of diagnosis.

The life history can be described using the following equation: “tstart ”— “fcis” — “tsymp”.
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3.2.2. Evaluation of the impact of implementing screening upon the natural history

of breast cancer

The life history of the “same” women was then simulated under 8 possible screening strategies (no screening

and up to 7 screening rounds).

The interest of screening (early detection) lies in the time between the ages at which the disease appears
(“tstart”) and the ages at which the disease presents due to clinical symptoms “tsymp”. The terms “window
of opportunity” or “Detectable Pre-Clinical Phase” (DPCP) will be used throughout the report to describe

this time interval.

For each woman entering the model, we evaluate the impact of screening comparing the age at screening and
the DPCP. If the screening age comes before the age at which the disease appears (“tstart”), there will be no
benefits for screening as the disease is not yet present. Similarly, if the age at screening is greater than the
age at presentation due to clinical symptoms (“tsymp”), there will be no benefits for screening as the cancer
have already been detected through clinical symptoms. However, if the age at screening lies within the
DPCP, early detection from screening is possible; either in terms of in-situ disease (age at screening lies
between “tstart” and “tcis”) or invasive cancer (age at screening lies between “tcis” and “tsymp”). The

concept of “window of opportunity” is summarised in Figure 32

Figure 32: Concept of “windows of opportunity”
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We evaluate the impact of screening assuming triennial screening (every 3 years) from the age of 66 years
up to 90 years (i.e. adding up to seven rounds to the current screening programme — 72 — 90 yrs old). Other

screening intervals (i.e.. annual, biennial...) were not assessed as they were considered irrelevant for the UK
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context and for our research question, i.e. extension of the current screening programme to the elderly
woman aged 70 years old and over. At present, the NHSBSP involves screening every woman aged between
50-69 years every three years.

As previously mentioned, the life history of breast cancer in a million of women was simulated. For the
“same” women, the model evaluates the impact of screening assuming seven screening rounds; i.e. extension
of screening up to the age of 72, 75, 78, 81, 84, 87 and 90 years old. Two additional screening-ages were
added at 66 and 69 years old to account for the fact not all cancers would have been detected at the previous
screen. At each screening round, we determine whether each simulated woman has screen-detectable disease
i.e. whether the screening takes place during her DPCP. If so, screen-detection occurs with a probability
equal to the size-dependent sensitivity estimated during model calibration (Figure 20). Where screen-
detection occurs in more than one round, we assume the identification is made at the earliest round. For each
screening round, we identify the set of women detected at that round and record their prognostic profile
(tumour size, grade, nodal involvment) with and without screening. Finally, the model also assumes that a
proportion of women invited do not attend screening. However, this is likely to not impact the ICER if the
benefits are proportional to the costs associated with screening mammography. A simplified schematic of the

model structure is presented in Figure 34.

3.2.3. Estimate of survival among older women presenting due to clinical

symptoms or early detection through screening

Having identified the women within our simulation who would be detected at each screening round, we
wanted to estimate the impact of that detection compared to allowing the disease to present symptomatically.

We consider firstly the impact on her life expectancy. This was done using the following approach:
-step one: simulate her age of death from causes other than breast cancer.

-step two: estimate her age of death if the disease is allowed to present clinically.

-step three: estimate her age of death if the disease is detected through screening.

The implicit assumption being that the life expectancy of patients with breast cancer dying from other causes
is similar to the life expectancy in women without breast cancer. This assumption is supported by evidence.
[47] We did not used data on breast cancer mortality directly given the possible misclassification of the cause
of death.
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a. Step one: Estimate the age at death from causes other than breast cancer

We gathered data on UK mortality from all causes, and breast cancer mortality in particular, from the ONS
(2006). [48] This was used to fit a Gompertz distribution representing UK mortality from all causes except
breast cancer. We used this distribution to sample the age at which each screen-detected woman would die
from some cause other than her breast cancer, conditional on being alive at the age of screening. An example
is presented in Figure 33.

Figure 33: lllustration of the method used to calculate survival time
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b. Step two: Estimate over-diagnosis and the age of death if the disease is allowed
to present symptomatically

For each eligible woman, the sampled age at death from causes other than breast cancer from the general
population was compared to the age at which the disease would present due to clinical symptoms in order to
identify over-diagnosis from screening, i.e. screen-detected women who would not have presented from
clinical symptoms in the absence of screening.

If the sampled age at death was less than the age at which the disease would present due to clinical
symptoms, screening is associated with over-diagnosis and considered as harmful as this would lead to
unnecessary costs but also a reduction in the quality of life from treatment for breast cancer. In the absence
of screening, this woman would have had a “normal” life and died from other causes with no knowledge of
the presence of breast cancer.
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Where the cancer would present before death occurs due to other causes, we used registry data for older
women aged over 70 years and diagnosed with breast cancer to calculate a survival model that predicted the
age at death using the prognostic profile at the point of diagnosis. This model is described in more detail
below (section 3.3.2). We then took whichever came first, the age of death due to causes other than breast
cancer sampled in step one, or the age of death due to breast cancer sampled in step two, to be the age of
death in the absence of screening.

c. Step three: estimate the age of death if the disease was screen-detected.

As with symptomatic disease, the natural history model gave us the prognostic profile of the disease at the
point of screen detection. However, the transferability of the survival model (section 3.3.2) to screen
detected women is uncertain. In the absence of data about survival in screen-detected women or robust data
about the impact of screening on survival in elderly women, we assumed as our base case that relationships
between prognostic profile and mortality were the same whether the disease was screen-detected or

symptomatic.

The impact of screen detection in our base case model is that life expectancy from the point of detection will
increase to the extent that the prognostic profile of the disease is improved. However, screening also brings
forward that point of detection, and the net result in some individual cases was that screen-detection led to an
earlier death. This may seem implausible, although it has been argued that treatment can in some cases lead
to metastatic progression that might not otherwise have occurred or that earlier death may arise as a result of
complications from breast cancer therapies such as chemotherapy, radiotherapy and surgery. At the same
time, it has been argued that screen-detection leads to better survival even where the prognostic profile is the
same. One important issue is the fact that we combine data from two different sources, i.e the natural history
model outputs and survival model from asymptomatic women. By doing so, a proportion of women would
do better without screening if the time interval between age at detection from screening and symptomatic is
long enough despite the improvement in prognostic profile at diagnosis. Therefore, inconsistencies may be
observed at the individual level, but to a lesser extent at the population level. In the model, about 10% of
women die earlier in case of screening. To reflect different possible assumptions in using survival data from

symptomatic patients to estimate screen-detected survival, we consider three scenarios: (Figure 35);

- Scenario 1 (most conservative scenario): Screening leads to earlier detection, but can also lead to
earlier death compared to no screening at individual level. The survival is applied from the age at
screen detection using the prognostic profile at the point of diagnosis. Therefore if time at death in
case of screening (ex 89) is greater than the time at death without screening (ex 92), no adjustment

(death at 89 years old if screened)
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Scenario 2 (neutral scenario): Screening leads to earlier detection, but cannot lead to premature
death compared to no screening at the individual level. The survival is applied from the age at screen
detection using the prognostic profile at diagnosis. If the sampled age at death due to breast cancer
assuming screening (ex 89) is lower than the sampled age at death for the “same” woman in the
absence of screening (ex 92), the woman is assumed to die at the same age she would have died in
the absence of screening (here 92 years old).

Scenario 3 (Optimistic scenario): Screening leads to earlier detection and is necessarily associated
with a survival advantage due to the shift in prognostic profile at the individual level. In this
scenario, the survival in case of screen-detection is applied from the age at which the women would
present due to clinical symptoms using the prognostic profile from the point at screen detection.
Therefore, as screening leads to earlier detection, screening would ultimately lead to an improvement

in the prognostic profile and therefore improved survival compared to the absence of screening.
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Figure 34: Simplified schematic of the model structure

Sample A= age at whichthe disease
start 72.5 ]

v

Sample B = age at which the disease
start to be invasive

A\ 4

76

Sample D = age at screening

75

No breast cancer

Excluded

detected

v

Sample C = age at which the disease
become symptomatic (present in the
absence of screening)

79
C>E C<E
Would not Present over Include onlyin
present over lifetime women who would be
lifetime detected by screening
at some point
\ 4

Sample G = Age at death from Breast
Cancer (using prognosis profile at

diagnosis)
84
G<E G>E
A 4
Die from Breast Die from Breast
Cancer Cancer

CISdetected

Invasive cancer
detected

A<D
»
Lad
D>A&D<B
»
D>B & D<C
P>

D>C
»
>

Cancer detected
symptomatically

Excluded

Age at which the tumour is

detected

D=75

A 4

Sample E = Age at death fromother

causes (given that women is alive at age

at screen detection)

85

diagnosis)

Sample F = Age at death from Breast
Cancer (using prognosis profile at

88

University of Sheffield, SCHARR, HEDS | s

y

F<E

F>E
A 4

Cancer

Die from Breast

Die from Breast
Cancer




Figure 35: Simplified schematic of the survival scenarios for screen detected women
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3.2.4. Impact of diagnosis on resources used, costs and quality of life

The model included resources used and costs associated with the primary treatment of breast cancer,
treatment for recurrence, follow-up after breast cancer diagnosis and management for palliative care.
Resource use associated with the primary treatment for breast cancer at diagnosis were estimated from
registry data. Treatment for recurrence was modelled as a proportion of patients treated for recurrence from
registry data. We did not directly model time from diagnosis to recurrence or recurrence to death. Follow-up
consultation after diagnosis of breast cancer was derived from NICE recommendation for the management of
breast cancer follow-up. [49] Finally, palliative care costs were applied to the last year of life for women

dying from breast cancer causes. Costs related to the screening programme were also included and
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comprised costs of the mammogram and the cost for the management for women recalled for further
investigation. Costs were estimated from the NHS perspective and were derived from official tariffs,
published literature and assumptions when appropriate.

The reduction in quality of life associated with the diagnosis of breast cancer was also considered in order to
calculate the cost per QALY gained. Utility weights were applied to 6 health states (disease free, in-situ,
stage |1, stage Il, stage Il and stage IV) for a pre-defined duration. Utility weights were derived from
published literature and assumptions when appropriate. The negative impact associated with the pain of
undertaking a mammogram and the anxiety after recall for further investigation was also considered based on

data from published sources and assumptions.

Costs and health effects were discounted at 3.5% according NICE recommendations for health economic
evaluation. [50]

3.2.5. Model outcomes

Results are presented per 100,000 women invited for screening. The model calculates the costs and benefits
associated with the addition of a screening round among women who did not contract breast cancer to the

previous screening round, i.e. that results are presented incrementally.
Results are presented in terms of:

- number of cancers detected and shift in stage distribution,
- mortality change from breast cancer,

- life years gained

- QALY gained

- management and costs of breast cancer diagnosis

- cost per life years gained and cost per QALY gained

Univariate sensitivity analysis was also conducted to estimate the effect of varying key model parameters

and assumptions on the ICER.
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3.3.  Key model parameters and main assumptions

3.3.1. Survival from causes others than breast cancer in the general population

Data about the life expectancy by age was available in England and Wales from ONS life tables. [48]
However, this included deaths from breast cancers. Consequently, we adjusted the life expectancy to exclude
deaths from breast cancer by using separate data about the cause of death in the general population by age
group (Office for National Statistics 2008). [51]

We compared the probability of death by age group for all cause mortality and causes other than breast
cancer (Table 5). The ratio of the two probabilities was then calculated and applied to data on life expectancy

to approximate life expectancy from death other than from breast cancer.

Table 5: probability of death by age in women only

Probability of dying from -
Age causes other than breast AI! causes probability of Adjustment
group dying
cancer
94.57%
70-74 1.71% 1.81%
96.14%
75-79 3.09% 3.21%
97.12%
80-84 5.77% 5.94%
97.74%
85-89 10.22% 10.46%
98.34%
90+ 22.16% 22.54%

The adjusted life expectancy was then used to estimate seven survival curves assuming the woman being
alive at the age of 72, 75, 78, 81, 84, 87 and 90 years old, corresponding to the possible modelled age at
screen-detection. This was done to adjust for the fact that the probability of death was dependent on being
alive at the age of screen-detection. Gompertz parametric models were fitted to the calculated survival
curves, with parameters estimated using Solver in order to indentify the set of parameters that would
minimise the difference between the observed and expected life expectancy. The calculated survival models

for the different age at screen-detection are presented in Figure 36.
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Figure 36: Estimated life expectancy from death other than breast cancer in the general population by age
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3.3.2. All cause survival in women diagnosed with breast cancer

All-cause survival in women diagnosed with breast cancer was derived from registry data from the WMCIU.

[33] A description of the data is presented in section V.2.2.3.

We divided elderly women into three distinct groups according to their prognostic profile at the point of

diagnosis:

- In-situ cancer (n = 257),
- Invasive cancer but no metastasis (n = 6,579)

- Distant metastasis (n = 23)

The reported cause of death is presented in Table 6.
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Table 6: Cause of death in WMCIU dataset

% of deaths due to % of deaths due to other
% of death No of No of deaths BC causes
No. of No of (no women/no of deaths due | due to other (no of deaths due to | (no of deaths due to other
women death deaths) to BC causes BC/no of deaths) causes/no of deaths)

CIS 257 47 18.29% 5 42 10.64% 89.36%
<10 mm 257 32 12.45% 12 20 37.50% 62.50%
>=10 & <15 mm 468 78 16.67% 20 58 25.64% 74.36%
>=15 & <20 mm 688 147 21.37% 51 96 34.69% 65.31%
>=20 & <25 mm 664 164 24.70% 64 100 39.02% 60.98%
>=25 & <30 mm 473 141 29.81% 65 76 46.10% 53.90%
>=30 & <35 mm 346 121 34.97% 58 63 47.93% 52.07%
>=35 & <40 mm 182 70 38.46% 35 35 50.00% 50.00%
>=40 mm 3501 2155 61.55% 1054 1101 48.91% 51.09%
Dist met 23 18 78.26% 14 4 77.78% 22.22%
All women 6859 2973 43.35% 1378 1595 46.35% 53.65%

We calculated the Kaplan-Meier survival curve for all cause mortality for women with in-situ disease,

invasive cancer without metastasis and women diagnosed with distant metastasis.

Women diagnosed with distant metastasis had a median survival of 30 months (95% CI: 9 — 45). This was

significantly lower compared to other women with invasive cancer; 70 months (95% CI: 66 — 73). It was

not possible to estimate the median survival for women diagnosed with CIS given that 75% of women were

still alive at the end of the follow-up duration.

Figure 37: Kaplan meier survival estimate
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a. Survival in women diagnosed with in-situ disease (CIS)

Inconsistencies were found after analysis of the data for women diagnosed with in-situ disease. We found
that about 10.6% of women who died during the follow-up period were reported to have died from breast
cancer causes. After discussion with clinical experts and review of the literature, the proportion was believed
to be high and questionable. Indeed, many in-situ cancers will not progress to invasive cancer, and those that
do are likely to be managed successfully at the time of progression. The literature suggests that the life
expectancy for women diagnosed with in-situ is similar to the life expectancy in the general population.

Inconsistencies in the data are likely to have arisen from the small sample size of women diagnosed with in-

situ disease. There is also the possibility of misclassification in the dataset.

Consequently, we assumed that women diagnosed with in-situ disease would follow the same survival as the
general population (Figure 36). This assumption was that made by most of the economic models reviewed in

section 1V,

b. Survival in women diagnosed with invasive cancer, but no metastasis

A parametric survival regression model was constructed among women diagnosed with invasive breast
cancer but no metastasis. Included covariates were pre-specified and consisted of prognostic profiles that
were believed to affect treatment choice and therefore survival in older women. This was governed by the

fact that there is a direct relationship between prognostic profile and treatment and treatment and survival.

The estimated survival model uses ages (in months), tumour size (in mm), number of positive nodes (0, 1-3,
4+) and ER status as covariates. We also included the interaction between age at diagnosis and tumour size
to account for the fact that tumour size is greater as the age at diagnosis increased. Note that we didn’t
include grade as a covariate for two reasons; first, our model did not include the direct shift in grade

associated to screening; and finally there is a relationship between tumour size, nodal status and grade.

The model was constructed among 3,057 women. The coefficients for age, tumour size and nodal
involvement were negative. This indicates that women would have a worse survival as the age or the tumour
size or the nodal involvement increase. The coefficient for ER status was however positive, indicating that

+ve

women with ER™ tumours had a better survival compared to women with ER™ tumours.

A Log-Logistic parametric survival model was fitted to the data for the central case. This was selected as this
was shown to fit best the data using the AIC and BIC criteria calculated in Stata (Table 7) and behaviour of
the plotted curve to KM data.
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Equation 1: Log Logistic regression model to predict the age at death among women diagnosed with
invasive cancers but no metastasis

No. of subjects = 3057 Number of obs. = 3057
No. of failures = 775

Timeatrisk = 142389 LR chi2(6) = 440.74
Log likelihood = -2132.1589 Prob > chi2 = 0.0000
t |  Coef. Std. Err. z P>z [95% Conf. Interval]
ageatdiagn~s | -.0056413 .0009211 -6.12 0.000 -.0074467 -.0038359

invsize | -.0308522 .0248117 -1.24 0.214 -.0794823 .0177779

agesize | .0000193 .0000263 0.73 0.464 -.0000323 .0000708
_Inodes_2 | -.2889889 .0717084 -4,03 0.000 -.4295347 -.1484431
_Inodes_3 | -.9108843 .0786228 -11.59 0.000 -1.064982 -.7567866

ER | .5415645 .0708132 7.65 0.000 .4027732 .6803558

_cons | 10.09477 .8689685 11.62 0.000 8.391622 11.79792

/In_gam | -.3962368 .0315016 -12.58 0.000 -.4579789 -.3344947
gamma | .6728474 .0211958 .6325608 .7156996

Table 7: AIC and BIC (invasive cancer) by distribution type

AIC BIC

Exp 434551 | 4,387.68

Weib 4,284.06 | 4,332.26

Gomp 4,301.68 | 4,349.88

Log-Log | 4,280.32 | 4,328.52

We plotted the observed KM and the estimated parametric survival curve in Figure 38 (before adjustment for
covariates). While all survival curves were found to fit relatively well to the observed data, the behaviour of
the curve at the end of the evidence was shown to be different. Indeed, 27.07% of women were still alive at
20 years using the exponential model The figure for the weibull, gompertz and log logistic models were
16.03%, 3.64% and 28.41% respectively. Consequently, survival models using alternative parametric

distributions (Exponential, Weibull, Gompertz) were examined in sensitivity analysis.
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Figure 38: Plot of observed and predicted all cause survival in women with breast cancer diagnosed with invasive cancer (n = 3,057)
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c. Survival in women diagnosed with distant metastasis

Finally, we constructed a survival regression model to estimate the age at death among women diagnosed
with distant metastasis. The statistical model included only age as a covariate and was constructed based on a
small sample size of 21 women. The small sample size is likely to bias results. However, the median survival
for these patients was found close to the survival expected for this group of women; i.e. 30 months (95% ClI: 9
— 45).

Equation 2: Exponential regression model to predict the age at death among women diagnosed with distant
metastasis

No. of subjects = 21 Number of obs = 21

No. of failures = 16

Timeatrisk = 599 LR chi2(1) = 0.93

Log likelihood = -30.128859 Prob > chi2 = 0.3345
t |  Coef. Std. Err. z P>z [95% Conf. Interval]

ageatdiagn~s | .0044218 .0045493 0.97 0.331 -.0044947 .0133383
_cons | -7.866117  4.402877 -1.79 0.074 -16.4956 .7633635

The coefficient for age was negative indicating that survival was expected to decrease as age increased.
Using the AIC and BIC (Table 8), an exponential distribution was fitted to the survival in women diagnosed

with disease metastasis for the central case. Other distributions were also tested in sensitivity analysis.

Table 8: AIC and BIC (metastasis) by distribution type

AIC BIC

Exp 64.26 66.35

Weib 66.16 69.29

Gomp 66.23 69.36

Log-Log | 65.90 69.04

The observed KM was plotted to the predicted survival time using different parametric distributions in

Figure 39 (before adjustment for covariates).
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Figure 39: Plot of observed and predicted all cause survival in women with breast cancer diagnosed with distant metastasis (n = 21)
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3.3.3. Management post-diagnosis of breast cancer in elderly women

The management of breast cancer post-diagnosis comprises:

- primary treatment directly after diagnosis,
- management of recurrence,
- follow-up management after diagnosis of breast cancer,

- management of palliative care before death from breast cancer

a. Rapid search on evidence about costs in breast cancer patients

A rapid general search was conducted in MEDLINE from January 2000 to January 2010 with the aim to
identify publications that provided information of costs associated with the management/diagnosis of breast
cancer. The following search terms were used: “cost.mp”. or exploded MeSH term "Costs and Cost
Analysis"; “breast cancer” or exploded MeSH term “Breast Neoplasms”; “united kingdom.mp”. or exploded
MeSH term “Great Britain”. Primary studies, clinical trials or cost-effectiveness analysis were included.
Studies conducted outside the UK were excluded. Of the 30 relevant papers identified at the abstract stage,
22 papers included an economic evaluation. Due to time constraints, we have not extracted data from each
individual study as the population included was not specific to elderly women, and therefore not relevant for

the purpose of our analysis. However, potentially relevant papers were examined when appropriate.

b. Primary treatment in elderly women diagnosed with invasive cancer

While the rapid review identified studies reporting the cost for the primary treatment of breast cancer, there
is a lack of UK data on the management of breast cancer post-diagnosis in older women. The population of
concern in most studies was constrained to women with early breast cancer aged below 65 years or
represented a mix of different ages. Furthermore, the population included in most studies was specific in

terms of prognostic profile (ER +, distant metastasis).

We expect that older women with early breast cancer would be treated less aggressively, i.e. receive less
invasive procedures such as surgery, little chemotherapy, no Herceptin and slightly less radiotherapy. This is
justified by the increase risk of complications and a trade-off with the lower expected benefit in this

population given the older age.
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Registry data were therefore analysed to provide some indication about the management associated with a
diagnosis of breast cancer among older women. Data from the ECRIC dataset were analysed and found to
contain information about the primary treatment in breast cancer patients in the Eastern region of England.
[34] A description of the dataset is available in section V.2.2.4. Resource use was limited to surgery (Wide
Local Excision (WLE) and/or Mastectomy), the use of radiotherapy, the use of hormonal therapy, the use of
chemotherapy, axiliary node sampling and axiliary block dissection. The dataset did not included data on
neo-adjuvant therapies. Nevertheless, this was shown to be very rare in older women after an exploratory
analysis conducted in a separate dataset provided by the WMCIU. [33] Indeed, less than 0.2% of women
received neo-adjuvant chemotherapy. The proportion of women treated with neo-adjuvant radiotherapy and

hormonal therapy was 0.3% and 3.1% respectively.

Using the ECRIC data, 48.23% (n = 1,812) of older women aged 70 years and over were treated with
radiotherapy. [34] Eighty-seven percent (n = 3,260) of women were also treated with hormonal therapies
while only 3.03% (n = 114) of women received chemotherapy. Sixty-nine percent (n = 2,589) of older
women aged 70 years and over received surgery, with 50.41% (n = 1,305) treated with WLE and 52.14% (n
= 1,350) treated with mastectomy. Finally, 18.12% (n = 469) and 57.36% (n = 1,485) of women treated with

surgery (n = 2,589) had axiliary node sampling or axiliary block dissection respectively.

The distribution of resource-use by 5 year age-bands is presented in Figure 40 and indicates that the
probability for older women to be treated with surgery, radiotherapy and chemotherapy decreased as age
increased. This was not the case for hormonal therapies, where the probability of being treated with
hormonal therapy was shown to increase as age increased. This confirms previous research that age is a

major determinant in treatment for older women diagnosed with breast cancer.

This has important economic implications when modelling the impact of screening in older women as
screening leads to earlier detection, and may therefore lead to a higher probability of treatment despite the
differences in prognostic profile at diagnosis. However, age is not the sole determinant of resource use in
older women, and it is expected that tumour size and nodal involvement are also used to inform treatment

choice.

Logistic regression models were constructed to calculate the likelihood of resource used from the ECRIC
dataset adjusted for a set of covariates (tumour size, grade, ER status, nodal involvment, age, distant
metastasis). [34] Given the impossibility to have direct access to the data, covariates were pre-specified and
validated by clinical opinion. The estimated models allowed calculation of the probability of resource use
for each woman. A random number was then generated and the women was assumed to be treated if the

probability was greater than the generated random number.
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Figure 40: Distribution of resource use by age
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e Probability of surgery

We constructed a statistical model to predict the probability of receiving surgery post-diagnosis in elderly
women only. The model uses age (in years), tumour size (in mm) and the presence of distant metastasis as
the main determinants (Equation 3). The coefficient for age, tumour size and presence of distant metastasis
was negative. This indicated that the probability of surgery decreases as the patient’s age or tumour size

increase or in the presence of distant metastasis.

Equation 3: logistic regression model to predict the likelihood of surgery

Logistic regression Numberofobs = 2621
LR chi2(3) = 561.99
Prob > chi2 = 0.0000
Log likelihood = -1050.8181 Pseudo R2 = 0.2110
surgery |  Coef. Std. Err.  z P>z [95% Conf. Interval]
Age -.1491155 .0091827 -16.24 0.000 -.1671132 -.1311178

-.0300775 .002898 -10.38 0.000 -.0357575 -.0243976
-2.102293 .2222609 -9.46 0.000 -2.537916 -1.666669
14.30809 .7609744 18.80 0.000 12.81661 15.79957

tum_size

distant_mets

_cons

e Probability of surgery being WLE

We assumed that women receiving surgery could either be treated with WLE or mastectomy. Consequently,
a regression model was constructed to estimate the likelihood of WLE given that the woman received
surgery. The regression model was constructed only among women known to have been treated with surgery
and included age (in years), tumour size (in mm) and the presence of distant metastasis as covariates. The
coefficient of the regression model was negative for age and tumour size indicating that the probability of
surgery being WLE decreases as age and tumour size increase. Nevertheless, the regression’s coefficient for
distant metastasis was positive, indicating WLE was more likely to be perform compared to other type of

surgery in the presence of distant metastasis.

The probability of mastectomy was calculated from the above.
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Equation 4: logistic regression model to predict the probability of surgery being wide local excision

Logistic regression Number of obs = 2082
LR chi2(3) = 231.74
Prob >chi2 = 0.0000

Log likelihood = -1327.0468 PseudoR2 = 0.0803

wle| Coef. Std.Err. z P>|z| [95% Conf. Interval]

| -.0023957 .0084935 -0.28 0.778 -.0190427 .0142512
tum_size | -.0573701 .0044387 -12.93 0.000 -.0660697 -.0486704
distant_mets | .1334907 .3339516 0.40 0.689 -.5210424 .7880238

| 1.581254 .6581936 2.40 0.016 .2912182 2.87129

age

_cons

e Probability of radiotherapy

After obtaining clinical opinion and performing an exploratory analysis on the ECRIC dataset, [34] the
likelihood of radiotherapy was found to be different among women who have not been treated with surgery,
women who have treated with WLE, and women receiving mastectomy. Therefore, three separate logistic
regression models were constructed for each of the identified sub-groups. The estimated model only uses age
as a covariate as this was believed to be the most relevant determinant for the decision to perform
radiotherapy in addition to the type of surgery. In all the sub-groups, the regression coefficient for age was
negative, indicating that age is inversely correlated with the probability of radiotherapy. Figure 41 presents

the probability of radiotherapy by age for the different subgroups.

Figure 41: Probability of radiotherapy by age
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Equation 5: logistic regression model to predict the probability of radiotherapy among women who did not

receive surgery

Logistic regression Number of obs = 1168
LRchi2(1) = 8341
Prob >chi2 = 0.0000

Log likelihood = -544.69934 PseudoR2 = 0.0711

radiotherapy | Coef. Std. Err.  z P>|z| [95% Conf. Interval]

age | -.1087436 .0126583 -8.59 0.000 -.1335535 -.0839338

_cons | 7.429745 1.012724 7.34 0.000 5.444844 9.414647

Equation 6: logistic regression model to predict the probability of radiotherapy among women who received

wide local excision

Logistic regression Number of obs = 1305
LRchi2(1) = 91.06
Prob >chi2 = 0.0000

Log likelihood = -631.68679 PseudoR2 = 0.0672

radiotherapy | Coef. Std.Err.  z P>z [95% Conf. Interval]

age | -.1117668 .011994 -9.32 0.000 -.1352746 -.088259

_cons | 10.03281 .9491101 10.57 0.000 8.172587 11.89303

Equation 7: logistic regression model to predict the probability of radiotherapy among women who received

mastectomy

Logistic regression Number of obs = 1350
LR chi2(1) = 19.71
Prob > chi2 = 0.0000

Log likelihood = -907.55672 Pseudo R2 = 0.0107

radiotherapy | Coef. Std.Err.  z P>z [95% Conf. Interval]

age | -.0469548 .0107403 -4.37 0.000 -.0680055 -.0259042

_cons | 3.294294 .8298219 3.97 0.000 1.667873 4.920715
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e Probability of chemotherapy

Only a small proportion of elderly women in the ECRIC dataset were treated with chemotherapy. [34] A
logistic regression model was constructed to estimate the likelihood of receiving chemotherapy using age
only as covariate. This was believed to be the main determinant in the treatment decision in older women.
Age was found to be inversely correlated with the likelihood of receiving chemotherapy among elderly
women (Equation 8).

Equation 8: logistic regression model to predict the probability of chemotherapy

Logistic regression Number of obs = 3757
LR chi2(1) = 60.52
Prob > chi2 = 0.0000

Log likelihood = -480.4425 Pseudo R2 = 0.0593

chemotherapy | Coef. Std.Err.  z P>|z| [95% Conf. Interval]

age | -.1466639 .0216693 -6.77 0.000 -.1891348 -.1041929

_cons | 7.779509 1.625621 4.79 0.000 4.593352 10.96567

e Probability of hormonal therapy

While only a small fraction of women were treated with chemotherapy, a large majority of women received
hormonal therapy. As shown in Figure 40, while the proportion of women receiving hormonal therapy tends
to increase by age, age doesn’t seem to be the most relevant determinant for receiving hormonal treatment.
After discussion with clinical opinion, a logistic regression model was constructed to estimate the likelihood
of hormonal therapy using age and ER status as covariates (Equation 9). Age and tumour ER positivity were
positively correlated with the probability of hormonal therapy, meaning that the probability increases as age

+ive

increases and in women having ER™" tumours.
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Equation 9: logistic regression model to predict the probability of hormonal therapy

Logistic regression Number of obs = 2080
LR chi2(2) = 392.10
Prob > chi2 = 0.0000

Log likelihood = -700.34358 Pseudo R2 = 0.2187

hormone | Coef. Std.Err. z P>|z| [95% Conf. Interval]

age | .0202352 .011841 1.71 0.087 -.0029727 .0434432

_ler_statu~3 | 2.843215 .1479378 19.22 0.000 2.553262 3.133168

_cons | -1.99883 .9342194 -2.14 0.032 -3.829866 -.1677932

e Probability of axillary sentinel node biopsy or sampling

Pre-analysis of the data showed a very different likelihood between women treated with WLE and women
treated with mastectomy, with a very low probability among women treated with mastectomy. Clinical
opinion indicated that the probability of SLNB or sampling would be similar whatever the type of surgery in
clinical practice. There may be a tendency for more complete axillary dissection (ALND) in women
undergoing mastectomy as this may have been mandated by a larger tumour size which correlates with node
positivity. Consequently, a regression model was constructed only in women treated with WLE and applied
to both women treated with WLE and mastectomy (Equation 10). The regression model included only age as
a covariate. The regression’s coefficient for age was negative, indicating that the probability of SLNB

decreases as age increases.

Equation 10: logistic regression model to predict the probability of axxillary biopsy sampling among women

receiving wide local excision

Logistic regression Number of obs = 1305
LR chi2(1) = 23.77
Prob > chi2 = 0.0000

Log likelihood = -828.77775 Pseudo R2 = 0.0141

auxiliary_b~g | Coef. Std.Err.  z P>|z] [95% Conf. Interval]

age | -.0528274 .011137 -4.74 0.000 -.0746555 -.0309993

_cons | 3.421105 .8553669 4.00 0.000 1.744616 5.097593
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e Probability of axillary block dissection

Finally, we evaluated the probability associated with axillary block dissection (or ALND) in older women.
Clinical opinion and pre-analysis of the data indicated that that the likelihood of ALND was different
between women who have been treated with WLE and women who have been treated with mastectomy
probably due to women with larger primary cancers having a greater likely hood of requiring mastectomy
and also of having nodal disease (both are correlated with tumour size). Consequently, two separate
regression models were constructed. Both models included age, the number of nodes positive (0, 1 — 3, >= 4)
and having received SLNB. Age and SLNB were inversely correlated with the likelihood of ALND while a
greater nodal involvement was associated with a greater probability of ALND as would be expected.

Equation 11: logistic regression model to predict the probability of auxiliary block dissection among women

receiving wide local excision

Logistic regression Number of obs = 849
LR chi2(4) = 775.47
Prob >chi2 = 0.0000

Log likelihood = -195.64064 PseudoR2 = 0.6646

auxiliary_b~n | Coef. Std.Err.  z P>z [95% Conf. Interval]

age -.0622697 .0287548 -2.17 0.030 -.1186282 -.0059113

|
_InodesG_1 | .8188293 .3661105 2.24 0.025 .1012658 1.536393
_InodesG_2 | .9852105 .5963994 1.65 0.099 -.1837108 2.154132
| -5.646704 .3250771 -17.37 0.000 -6.283843 -5.009565
| 6.9675 2.216077 3.14 0.002 2.62407 11.31093

auxiliary_b~g

_cons

Equation 12: logistic regression model to predict the probability of axxillary block dissection among women

mastectomy

Logistic regression Number of obs = 1037
LR chi2(4) = 8437
Prob >chi2 = 0.0000

Log likelihood = -518.83806 PseudoR2 = 0.0752

auxilliry_b~n | Coef. Std.Err.  z P>z [95% Conf. Interval]

age | -.0263396 .0145816 -1.81 0.071 -.0549189 .0022397

_InodesG_1 | .3845568 .1764802 2.18 0.029 .0386619 .7304517

_InodesG_2 | 1.073512 .2406881 4.46 0.000 .6017717 1.545252
auxiliary b~g | -2.670834 .4112446 -6.49 0.000 -3.476859 -1.864809
_cons | 3.078369 1.130585 2.72 0.006 .8624626 5.294276

University of Sheffield, SCHARR, HEDS | [



c. Primary treatment for breast cancer in elderly women diagnosed with carcinoma

in situ

Unfortunately, it was not possible to identify women with in-situ disease in the ECRIC dataset and therefore
estimate their management after diagnosis of breast cancer. [34] Therefore, data from the WMCIU was
analysed and included 257 elderly women aged over 70 years old diagnosed with in-situ disease (ICD-10
codes: D050, D051, D057, D059). [33] The mean age of these patients was 76.5+5.7.

A rapid exploratory analysis showed that about 80.9% (n= 208) of older women have been treated surgically
for their carcinoma in-situ. This was found to be greater compared to the proportion of women estimated to
receive surgery in the ECRIC dataset among women with invasive cancer (Figure 40). [34] The data also
showed that only 18.5% (n = 47/254), 1.2% (n = 3/254) and 6.2% (n = 16/257) of elderly women received
radiotherapy, chemotherapy and hormonal therapy for the treatment of their carcinoma in-situ. It is likely
that the 1.2% who had chemotherapy had been misclassified as DCIS in the dataset as this is not usual

clinical practice. It may represent change of classification following surgery.
Based on the proportion of women treated with surgery, radiotherapy, chemotherapy and hormonal therapy,
the mean cost of the management of carcinoma in situ in elderly women was estimated to be £3,015 (Table

9).

Table 9: cost for cis

Proportion Unit cost (Table 10) Total cost
Surgery 80.9% £2,728 £2,208
Radiotherapy 18.5% £2,288 £423
Chemotherapy 1.2% £8,788 £103
Hormonal therapy 6.2% £4,509 £281
£3,015

The mean cost was then applied to each woman detected with carcinoma in-situ in the economic model.
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d. Treatment for recurrence

e Probability of being treated for recurrence

Our simulations include many cases of breast cancer leading to premature death. Consequently, this
implicitly includes the impact of potential recurrence on survival. An alternative approach would be to model
recurrence conditional on the prognostic profile, and then model the relationship between recurrence and
death separately. This was not possible for this project in the absence of data about the relationship between

recurrence rate and survival in older women and the impact of primary treatment on further progression.

However, while the probability of recurrence is implicitly taken into consideration in the calculated survival
regression models, recurrence rates are also associated with high management costs. To our knowledge, there
is a lack of data about the risk of recurrence among older women in the UK. Data from the WMCIU was
analysed and indicated that 1.6% (n = 4/ 257) of women diagnosed with carcinoma in situ were treated for
recurrence over a mean follow-up period of 45.64+19.73 months. [33] The recurrence rate among older
women with invasive cancer was 8.6% (n = 566/6,579) over a mean follow-up period of 38.8+23.1 months.
Finally, the recurrence rate among older women diagnosed with distant metastasis was 26.9% (n = 6/23) over

a mean follow-up period of 26.04+22.52 months.

Based on this data, we were able to estimate the probability of recurrence and include the associated resource
use associated with treatment of recurrence. Based on this data, we assumed the probability of having and
being treated for recurrence was 1.6% for women diagnosed with carcinoma in situ and 26.9% for women
diagnosed with distant metastasis. To estimate the probability of recurrence for women with invasive local
or regional disease, a logistic regression model was constructed using tumour size, nodal involvement and
ER status as covariates from WMCIU data (Equation 13). The model showed that tumour size and nodal
involvement were positively correlated with the probability of being treated for recurrence. However, being
ER™ was found to be negatively correlated with the probability of recurrence. This can be explained by the
fact that ER™ women are more likely to receive hormonal therapies, and therefore less likely to develop

further recurrence.
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Equation 13: Probability of recurrence

Logistic regression Number of obs = 3067
LR chi2(4) = 8215
Prob >chi2 = 0.0000
Log likelihood = -674.09914 PseudoR2 = 0.0574
recurr |  Coef. Std. Err. z P>|z| [95% Conf. Interval]
invsize | .010331 .0042367 244  0.015 0020272 .0186347
_Inodes_2 | .6088369 .1873561 3.25 0.001 2416257 976048
_Inodes_3 | 1.163717 1919702 6.06 0.000 7874619 1.539971
ER | -.8176205  .167554 -4.88  0.000 -1.14602 -.4892208
_cons | -2.790886  .2011193 -13.88 0.000 -3.185072 -2.396699

e Management cost of recurrence

Our main aim in estimating recurrence was to include the costs of treating it in the economic analysis. The
rapid review of the literature indicated no data on the management of breast cancer after recurrence in the
UK specific to older women was available. Two primary studies were however identified reporting the cost

of managing recurrence in mixed young and older population.

Karnon et al (2007) estimated the 5-year cost of recurrence to be £16,640 for metastatic recurrence and
about £24,000 for contralateral or locoregional recurrence. [52] This study included 199 women with early
breast cancer who experienced a recurrence between 1991 and 2004. The median age was 59 years (40 — 82).
The majority had ER™ tumours and around half were node negative at primary diagnosis. The median
survival from loco-regional recurrence to distant metastasis was about 55 months. The survival from distant

metastasis was lower at about 10 months.

Thomas et al (2009) presented the total hospital and community cost of managing patients with relapsed
breast cancer. [53] This study included 77 women who had relapsed breast cancer between 2000-2005 from
the Bedford Breast Cancer database. The mean age of the cohort was 62.3 years (32-95). Thirty nine percent
were originally node positive, 20% ER™ and 21% had unknown ER status. The median survival was 40.1
months from time to relapse to death and the average time from diagnosis to relapse was 71.2 months. The
authors reported that the lifetime total hospital and community cost of managing relapsed disease until death
was £25,186 on average (median: £19,886).
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While none of these studies reported the cost specific to older women, data from Thomas et al (2009) was
used to approximate the lifetime cost of recurrence among older women. The author reported a mean lifetime
cost of approximately £25,186 pounds. However, looking at the breakdown of costs, £6,097 was allocated
for hospital outpatient drug costs which will probably represent chemotherapy costs. These may be applied
to some older women but only a small minority. Consequently, we assumed that older women would incur
only ¥ of the reported chemotherapy cost. Furthermore, this study included the cost associated with
palliative care. We attempted to remove the cost associated with the management in palliative care to avoid
double counting in the model. Therefore, costs for hospice nights (£1,146), hospice visits (£72), hospice
drugs (£272), palliative community telephone (£63), and palliative community visits (£542) were removed.
The lifetime cost for managing recurrence in the elderly (excluding palliative care) was assumed to be
£18,018.

e. Follow-up consultation post-primary treatment for breast cancer

NICE recommends that women who have been diagnosed with early breast cancer or carcinoma in-situ
undergo regular check-ups. Derived from NICE guidelines and assumptions, we assumed that the follow-up
after early breast cancer consists of one mammogram (£44.6) and one outpatient consultation (£99) every

year for 5 years post-breast cancer diagnosis. [49]

f. Management before death due to breast cancer; i.e. palliative care

The costs associated with the management of terminal illness from breast cancer were also included in the
economic model. One study was identified and reported the cost of palliative management in women with
advanced breast cancer in the UK. [54] This study included 122 women with breast cancer with 61% of the
sample aged over 65 years old. Palliative care was determined from the start of strong opioid treatment for a

mean duration of 372 days.

The author calculated the cost of palliative care to be £2,482 (2001 prices). In the economic model, the cost
was uplifted to 2008/2009 prices (£3,228) using inflation indices from the PSSRU (+30%). [55]

Note that there are some issues when considering the cost associated with palliative care into screening
models as while screening may save a death from breast cancer, the women may die from another cancer or

causes associated with higher or similar management cost of palliative care.
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3.3.4. Unit costs for breast cancer treatments

Unit costs were extracted from a range of sources. Official tariffs where used when appropriate.

The cost of surgery (either mastectomy or WLE) alone (i.e. without SLNB or ALND) was derived from a
recent economic evaluation in early and locally advanced breast cancer conducted for NICE. [49] Costs were
estimated to be £2,731 for mastectomy and £2,343 for WLE using data from NHS reference costs 2006-
2007. [56] Costs from this study were uplifted to 2008/2009 (+7.5%) using cost indices from the PSSRU
(HCSC indices). [55]

SLNB was assumed to be carried out at the same time as the breast surgery.
ALND was assumed to be carried out either:
- at the same time as the breast surgery if no sampling is performed due to a pre-operative diagnosis of
axillary disease based on ultrasound and core biopsy results.
- after breast surgery as a second operation if axillary nodes are involved on the formal histology of
the SLNB or (infrequently in the UK at present) at the same time as the SLNB if the unit has access
to immediate frozen section or PCR analysis of the SLNB.

Unfortunately, the NHS reference cost do not provide separate costs data whether SLNB and ALND are
carried out at the same time or at a different time of the initial surgery. One study from the United States was
identified which reported the costs of breast surgery alone, SLNB together with breast surgery, ALND
together with breast surgery, SLNB and ALND together with surgery. [57] The relative ratios between each
of these procedures were used to adjust the UK costs of breast surgery to obtain the costs of SLNB and/or
ALND together in combination with breast surgery. One assumption was made: that 50 % of women would

receive SLNB and ALND at the same time as the surgery.

The cost associated with radiotherapy treatment was extracted from the PRIME trial (£2,128; 2007 cost),
conducted in women aged 65 years or more with ‘low-risk’ axilliary node negative breast cancer (T0-2)
treated by breast-conserving surgery and endocrine therapy. [58] This study included the cost associated with
the session, NHS transport, accommodation and referral. The cost was uplifted to 2008/2009 (+7.5%) using
cost indices from the PSSRU (HCSC indices). [55]

The annual cost associated with hormonal treatment was estimated to be £1002 per year for 4 and a half

years based on a recent study. [59] The cost for chemotherapy was assumed to be £8,788 for 6 months. [59]

Finally, the annual cost associated with follow-up consultation after a diagnosis of breast cancer was
assumed to be £143.60 based from the cost of follow-up, non-admitted attendance for clinical oncology from
the NHS reference cost 2008/2009 and the cost of a mammogram. [60;61]
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Table 10: unit costs

Activity Cost Inflated cost
Mastectomy alone £2,731 £2,937 NHS reference cost 2006/2007
[49;56]
WLE alone £2,343 £2,519 NHS reference cost 2006/2007
[49;56]
SLNB in combination with £3,355 - WLE Derived from Pandharipande et
surgery £3,910 - mastectomy al, 2008 [57]
ALND in combination with £3,914 - WLE Derived from Pandharipande et
surgery and no SLND £4,562 - mastectomy | al, 2008 [57]
ALND in combination with £5,345 - WLE Derived from Pandharipande et
surgery and SLND £6,231 - mastectomy al, 2008 [57]
Radiotherapy 2,128 2,288 The PRIME trial (2007) [58]
Hormonal therapy £1002 per year (max | Cooper et al (2010) [59]
4.5 years)

Chemotherapy (6 months) £8,788 Cooper et al (2010) [59]
Follow up Attendance Non- £99 NHS reference cost 2008/2009
Admitted Face to Face [60]
(clinical oncology) - 800
Band B1 — Mammography | £40 £44.60 NHS reference cost 2005/2006
[RBB1] [61]

3.3.5. Screening performance and resource use associated with screening

a. Screening performance

The sensitivity of screening mammography was calibrated using data from the NHSBSP among women aged
60 years old and over. (see section V.2.4.1). The sensitivity for invasive cancer was assumed to be size-

dependent. The sensitivity for CIS was also modelled separately.
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b. Compliance rate

The uptake rate of screening was based on the uptake rate among women aged 65-69 years attending the
NHS breast screening programme. This was assumed to be 75% in the central case but varied in sensitivity
analysis from 65% to 100%. [62] The compliance rate was assumed to be independent between screening

rounds.

c. Cost per screens/invitation

The screening cost is composed from two elements:
- the cost associated with the invitation,

- the cost of the screening mammogram.

A study was identified describing the cost associated with the extension of screening to women aged 65-69
years [63] registered with a GP in one of the following demonstration sites; East Sussex, Brighton and Hove,
Nottingham, Leeds and Wakefield. Unit costs were extracted from Johnston et al (1996) [64] and the cost of
an invitation was estimated to be £8.37. The cost of a screen on a mobile van and at a static unit was
estimated to be £10.78 and £12.01 respectively. The study reported that all women in East Sussex and
Brighton and Hove were screened on a mobile van. The proportion was 88% and 28% for Leeds,Wakefield
and Nottingham respectively. Across the 3 sites, the average proportion of technical recalls (recall for
screening when the imaging is not readable) was found to be 0.86% for women aged 50-64 years and 0.92%

for women aged 65-69 years.

Similarly, Legood et al (2004) [65] compared the cost of full field digital mammography (FFDM) systems
with conventional mammography for use in breast cancer screening. The study included direct costs
associated the equipment system, consumables, storage and staff workload. The authors estimated that the
cost for conventional mammography was £113,700 per 10,000 screens (£85,286 — £147,839). The cost of the
FFDM system was calculated to be £231,578 per 10,000 screens (£182,230 — £288,571) with hard copies and
£157,623 (£126,506 - £192,946) without hard copies (2002 prices).

A further analysis conducted by Brown et al (2006) [66] estimated the cost associated with screening and
further investigation using information from five participating centres enrolled in the MARIBS study. The
study included 649 women aged 35 — 49 years at high risk of breast cancer, either because of their strong

family history or tested carriers for a mutation. This authors reported the cost of screening mammography to
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be £33.50 (2003/2004 prices). [55] This was similar to the national average costs for mammography at the
same time period (£31.67; IQR £26.44 - £39.65).

For the central case, we assumed that the cost per screen was £14.9 derived from Legood et al (2004) [65]
assuming that 50% of screens would be carried out in a static unit and with 0.92% technical recalls.
Sensitivity analysis was conducted assuming a cost of £40.4 derived from Brown et al (2006) [66].

Furthermore, the cost associated with the invitation was assumed to be £11.90 based on Johnston et al
(1996). [64] Sensitivity was conducted assuming a cost of £1.50.

d. Recall rate for assessment among screened women

A proportion of women would eventually be contacted for further investigation. Data from the NHSBSP
showed that about 4.0% (n = 15,457 / 388,866) of women aged 65-70 are referred for assessment (incident
screen data). [62]

e. Cost associated with the management of women recalled for assessment

Among women recalled for assessment, the model assumes that all referrals will undergo either further
mammography or an ultrasound and uses the average cost of the two procedures (£57.80). The cost
associated with ultrasound was extracted from the NHS reference costs 2008/2009 based on the cost of an
ultrasound scan taking less than 20 minutes (Diagnostic Imaging: Other RA23Z) and was assumed to be £71.
[60;67] It is also assumed that 46.4% (n = 7,176 / 15,457) of women who are referred undergo cytology/core
biopsy (NHS BSP). The cost associated with fine needle biopsy of the breast was taken from NHS reference
costs for 2006 (£243 - OPFNBL1) and uplifted to 2008/2009 using the inflation indices from the PSSRU
(E271). [55;56]

The mean cost for management of further investigation was estimated to be about £195.66 for the central
case. Data from Johnston et al (1996) and Brown et al (2006) was used in sensitivity analysis reporting a cost
ranging from £75.6 to £341.0 after adjustment to 2008/2009 prices respectively. [55;64;66] Table 11

summarise the costs associated with the screening program.

Table 11: Summary of costs associated with the screening program

Cost Source
Screening £14.9 | Legood et al (2004)
Invitation £11.9 | Johnston et al (1996)
Recall for further investigation £195.66 | NHS reference cost and NHSBSP
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3.3.6. Health-Related Quality of life

An exploratory analysis was undertaken to explore the impact of screening and breast cancer diagnosis on

morbidity and quality of life.

a. Review of the literature

Two recent systematic reviews of utility weights in breast cancer were identified and indicated that there was
a considerable amount of published evidence on the impact, post-diagnosis, of breast cancer on quality of
life. [68;69] Utility weights were reported by treatment, stage at diagnosis or general diagnosis for breast

cancer. Studies were also available on the impact of screening mammography on morbidity.

However, the conclusions of the two reviews suggests that despite the large amount of literature in breast
cancer, there is a wide variation in the definition of health states, populations included and valuation
approaches. Furthermore, the samples were often found to be small and results were very uncertain. Finally,
there are no studies that cover all disease pathways, from diagnosis to death. Consequently, findings from
these studies need to be considered with considerable caution which therefore limits the interpretation of

results from this analysis.

b. Calculation of QALYs in the economic model

QALYs were calculated using utility weights according to the stage at diagnosis. Treatment specific utility
weights were not used given the uncertainty of combining data from separate studies using different
approaches and valuation methods. There were also some uncertainties around assumptions for women

receiving more than one therapy at once.

In the economic model, health state utilities were applied to six health states; disease free, stage 0 or CIS,
stage I, stage 11, stage 111 and stage IV breast cancer. Women enter the model “disease-free” until diagnosis
of breast cancer. At the time of diagnosis, women are assumed to move to one of the five breast cancer
health state depending on their prognostic profile at the point of diagnosis and remain in that health state for
a pre-defined duration. There is a lack of data on the duration of the diagnostic process for breast cancer on
quality of life and assumptions were therefore necessary. Women diagnosed with stage 0, stage I/11, stage Il
and stage IV were assumed to have a decrease in quality of life for 1, 2,or 3 years and their lifetime
respectively and return to the disease free-state at the end of the health state duration. The duration of each

health state was tested in sensitivity analysis.
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c. Health state utilities used in the economic model

e Disease-free

Age-adjusted utility weights from the UK general population measured using the EQ-5D index were used to
represent the quality of life in the “disease-free” health state. The utility weight was shown to vary by age
(Figure 42) and was calculated from a published regression model. [70] Consequently, we assumed that the

quality of life in the “disease-free” health state was not constant over time but was age-dependent.

Figure 42: Utility weight (EQ-5D index) adjusted for age (general population)
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e Breast cancer diagnosis

Schleinitz and colleagues (2006) estimated the utility weights associated with stage |, stage I, stage Il and
stage 1V breast cancer. [71] The study was conducted in the US and included 156 English-speaking women
not currently undergoing breast cancer treatments. [71] Utilities were assessed using the standard gamble
(SG) approach describing anticipated physical symptoms and risk of recurrence, which may affect
psychological well-being. Median utilities for the 4 stages of breast cancers at diagnosis were: stage |
disease, 0.91 (1Q: 0.5 — 1); stage I, 0.75( 1Q: 0.26 — 0.99); stage 111, 0.51 (1Q: 0.25 — 0.94), stage 1V, 0.36 —
0.4 (1Q: 0-79).
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Data from Schleinitz and collaegues (2006) were then used to approximate the loss in utility (compared to
full health) associated with different stages of breast cancer. [71] Given that this study included both women
aged below 50 years and women aged 50 years and above, utility weights needed to be age-adjusted to
account for the variation of utilities by age. Assumptions were however needed. Firstly, the study did not
report EQ-5D data. We therefore had to assume that the utility calculated using EQ-5D and standard gamble
approached was transferable. Secondly, the study did not report the mean age of included patients. We

assumed a mean age of 50 years.
A three step process was employed to estimate the loss in utility associated with a breast cancer diagnosis:

- Step one: calculate the utility weight in the general population for a mean age of 50 years old (0.855)

- Step two: calculate the ratio between the utility weight in the general population and utility weight
post-diagnosis by stage. For example, Schleinitz reported a mean utility score of 0.68 for stage |
diagnosis using the SG method. The utility in the general population using EQ-5D was estimated to
be 0.855. Consequently, the diagnosis of stage | breast cancer is assumed to lead to a reduction in
utility by about 20%. The figure for stage II, 11l and IV were calculated to be 29%, 34% and 51%
respectively.

- Step 3: estimate the age-adjusted utility by stage at diagnosis. This is done by applying the calculated
ratio to the regression model used to estimate the utility weight in the general population.

Unfortunately Schleinitz et al (2006) did not report the loss in quality of life associated with the diagnosis of
CIS. [71] Consequently, we assumed that the utility for CIS lie between the utility in the general population

and the utility for stage | breast cancer.

Figure 43: Utility by health states

0.900 4

0.800 -

4
0.700
0.600 ‘WA—A

0.500

0.400 p!

0.300

Utility weight (EQ-5D index score)

0.200 -

0.100 -

70 75 80 85 90 95 100
Age (years)

—#— Disease-Free =~ ==>¢=Stage0 =#—Stagel Stage 2 Stage3 == Stage4

e Loss in quality of life from screening mammography
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There is a general belief that screening may lead to a reduction in quality of life associated with the pain of
undergoing a mammogram and the stress after recall for further investigation. Bonomi et al (2008) included
131 women aged 50-79 years old randomly selected from the breast cancer screening program and obtained
guality of life valuation associated with mammography screening using a visual analogue scale anchored by
death (0) to perfect health (100). [72] The mean age was 62 years old and the quality of life measured using
the VAS was 0.804 for screening mammography and 0.553 for diagnostic mammaography. After adjustment
for age (assuming transferability of EQ-5D and VAS score), this led to a reduction in quality of life of 0.40%
for screening mammography and 31.5% for diagnostic mammography. Other studies showed no reduction in
quality of life using EQ-5D before and after screening mammography. [73]

A conservative approach was used assuming a reduction in utility of 20% for 2hrs associated with the pain of
undertaking a mammogram. The dis-utility for diagnostic mammography (i.e. recall for further investigation)

was assumed to be 35% for 3 weeks based on assumption.

3.4. Discounting

Cost and benefits were discounted at 3.5% as per NICE recommendations for economic evaluation. [50] We
assumed all primary treatments occurred during the 1% year post diagnosis. Palliative care was discounted
from the time at death. Follow-up consultations were assumed to occur for a period of up to five years
starting from the time of diagnosis. Finally, since we did not have data on the time to recurrence, it was

assumed that this time had a uniform distribution over the interval from initial diagnosis to death.

3.5.  Assessment of uncertainty

Univariate sensitivity analysis was conducted to assess the impact of varying key model parameters and
assumptions on the ICER. We examined four different parametric distributions for survival in breast cancer
patients (exponential, weibull, gompertz, log-logistic). Costs (screening cost, recall for further investigation,
primary treatment, follow-up, recurrence) were also varied within £20%. Duration of health state utilities
were also varied from 1 to 3 years. Similarly, we examined the impact assuming of different utility values for
health states by + 10%. The recall rate and recurrence rate were also varied within a range of £ 20%. Finally,

the sensitivity and tumour growth rate were also varied by + 20%.
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4. RESULTS

This chapter presents results per 100,000 women invited up to the age of 90 years. Results are presented
incrementally, i.e. the additional number of women that would be screen-detected given no detection at the
previous screening round. Women who have contracted breast cancer or been diagnosed at the previous

screening round are excluded.
We also present outcomes under three scenarios about the impact of screening on survival;

e Scenario 1: screening leads to earlier detection but can lead to premature death at the individual
level,

e Scenario 2: screening leads to earlier detection but cannot lead to premature death at the individual
level. Adding screening would not confer any advantage for a proportion of women,

e Scenario 3: screening leads to earlier detection. The shift in prognostic profile necessarily translates
into survival benefit.

The following terminology is also used throughout the results section;

e Screen-detected women are separated into two categories depending on the age at detection and age
at death;

o “clinically significant cancer”; this refers to women that would have presented from clinical
symptoms before death;

o “over-diagnosis”; this refers to the detection of cancers in women who would otherwise have
died or other causes without a clinical diagnosis of breast cancer in absence of screening.

¢ Women diagnosed with breast cancers are assigned a stage distribution (simplified), with;

o ‘“stage 0” — CIS,

o “stage I” — no positive nodes (no nodal involvement),

o “stage II” — 1 — 3 positives nodes,

o “stage IlI” — 4 positive nodes or plus, but no presence of distant metastasis,

o “stage IV” — 4 positive nodes or plus, but presence of distant metastasis
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4.1. Clinical impact of extending screening to older age (per 100,000 women

invited)

4.1.1. Rate and number of cancers-detected through screening mammography

Table 13 reports the additional number of cancers that would be detected through screening by extending
screening mammaography up to 90 years old. For 100,000 women invited to screening at the age of 72 years
old, the model predicted that 752 breast cancer cases would be detected by the addition of one screening
round at the age of 72 years of which 6.2% (n = 47) would result from over-diagnosis, i.e. would have never
presented in the absence of screening. An additional screening round at the age of 75 years (100,000
invitation) would allow detection of 795 breast cancer cases, of which 9.4% (74) result in over-diagnosis.
The number of breast cancer cases detected by screening age per 100,000 invitation increase as the age at
screening increases. This is attributable to the fact that the probability of developing breast cancer increases
with age. However, the proportion of breast cancer cases attributable to over-diagnosis tends also to increase

as age increases. This is explained by the increased risk of non breast cancer mortality as women get older.

Applying these detection rates to the number of women in England and Wales by age give an indication of
the potential number of women detected through screening (Table 12). For instance, the addition of a
screening round at the age of 72 years old would enable detection of 752 cancers per 100,000 women invited
(i.e 0.752% detection rate). Assuming that all women aged 72 years old in England and Wales are invited to
screening, the implementation of screening is estimated to enable detection of 1,727 breast cancers (taking
into account the compliance rate). An additional screening round at the age of 75 years old would enable
detection of an additional 1,612 cases. Although the probability of detection increases as the age increases,
the potential number of cases detected would not follow the same trend, as the number of women invited
decreases as the age increases. Overall, if screening is extended up to the age of 78 years old, we estimated
that about 5,000 breast cancer cases would be detected through screening in addition to cases that would

have presented symptomatically otherwise.

Table 12: Expected number of breast cancer cases in England and Wales detected through screening
(assuming that all women are invited).

Number of women detected Cumulative number of
Age | Nb of women invited Detection rate (addition of one screening round) | breast cancer cases
72 229,700 0.752% 1,727 1,727
75 202,800 0.795% 1,612 3,340
78 194,200 0.843% 1,637 4,977
81 162,500 0.882% 1,433 6,410
84 137,700 0.924% 1,272 7,682
87 111,900 0.977% 1,093 8,776
89" 87000 1.017% 885 9,660

* Proxy for 90 years old.
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41.2. Lead time

Table 14 presents the mean lead time for screen-detected cancers, i.e. the time interval between screen-
detection and the presence of clinical symptoms. The mean lead time was found to decrease by age from
2.99 to 2.20 years among all women screen-detected. Similar findings were made when results were
analysed for clinically significant (2.98 to 2.30 years) and over-diagnosis (3.04 to 2.03 years) sub-groups.

41.1. Shift in stage distribution

Table 15 presents the potential shift in stage distribution by screen-age compared to no screening. Overall,
the implementation of screening leads to an improvement in the stage distribution at diagnosis among elderly

women, with more CIS detected and less aggressive breast cancers at earlier stage.
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Table 13: Number of detected-cancers for different screening strategies

Age at screening

72 75 78 81 84 87 90
Number of cancers detected
(per 100,000 women invited) 752 795 843 882 924 977 1,017
Of which:
e clinically significant 705 93.8% 721 90.6% 732 86.9% 723 82.0% 713 77.2% 682 69.9% 631 62.1%
e over diagnosis a7 6.2% 74 9.4% 110  13.1% 159  18.0% 211 22.8% 294 30.1% 386 37.9%
Table 14: Lead time from age at diagnosis from symptoms to age at screen detection
Age at screening
72 75 78 81 84 87 90
Mean lead time among all cancer
detected through screening 2.99 2.92 2.81 2.76 257 2.39 2.20
Of which:
e clinically significant ~ 2.98 2.92 2.82 2.77 2.63 2.43 2.30
e over diagnosis 3.04 2.97 2.74 2.72 2.39 2.29 2.03
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Results by sub-groups; clinically significant cancers and over-diagnosis from screening are presented in
Table 23 in appendix VI1.1. Among the 705 breast cancer cases detected through screening by the addition of
one screening round at the age of 72 years old and would have presented over a womans’ lifetime (clinically
significant cases), 17.5% (n = 124), 62.0% (n = 437), 14.03% (n = 101), 5.9% (n = 42) and 0.3% (n = 2) are
estimated to be stage O, I, 11, 11l and IV respectively. In the absence of screening, 36.7% (n = 259), 24.2% (n
=170), 30.2% (n = 213) and 8.9% (n = 63) of those cancers would have been diagnosed as stage I, I1, 111 and
IV respectively (Figure 44). Similar finding was found for other policies, with a decrease in the proportion of
detected stage O and increase in other breast cancer stages as the age increase (Table 23).

Figure 44: Shift in stage distribution of extending screening to the age of 72 years old (clinically significant)

80.00%

70.00% -

60.00%

50.00% -

40.00% -

Distribution

30.00% -

20.00% -

10.00% -

0.00%
stage O stage | stage Il stage Ill stage IV

stage distribution

M Screeningatage 72 M No screening

4.1.1. Causes of death

Table 16 presents the cause of death in the absence of screening and after screening for each screen-age.
Among the 752 women detected per 100,000 invitation at the age of 72 years old, 46.8% (n = 352) women
would have died from breast cancer causes in the absence of screening. The introduction of screening is
estimated to reduce the number of deaths attributable to breast cancer from 175 (conservative estimate) to
221 (optimistic estimate) cases. The benefit of screening is shown to decrease as women get older (* only

women potentially identified throught screening
Figure 45)°. Results by sub-groups; clinically relevant and over-diagnosis are presented in Appendix 2

Table 24 in VII.2.

® These figure relates solely to the impact on those whose disease is detected through screening The mortality reduction
will be lower when women are included who would present with interval cancers between screening rounds
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Table 15: Shift in the stage distribution at diagnosis (per 100,000 women invited)

screen- stage stage stage stage stage

age n 0 | 1l 11 \Y
72

screen-detected

cases 752 144 19.15% 458  61.00% 104 13.89% 43 5.71% 2 0.25%

absence of

screening* 705 0 0.00% 259  36.72% 170 24.16% 213 30.24% 63 8.88%
75

screen-detected

cases 795 155  19.55% 488 61.41% 110 13.83% 39 4.91% 2 0.30%

absence of

screening* 721 0 0.00% 270  37.52% 176 24.48% 213 29.51% 61 8.49%
78

screen-detected

cases 843 154  18.28% 524 62.19% 112 13.33% 49 5.82% 3 037%

absence of

screening* 732 0 0.00% 272 37.21% 174 23.73% 225  30.75% 61 8.32%
81

screen-detected

cases 882 171 19.40% 542  61.42% 115 13.07% 50 5.69% 4 042%

absence of

screening* 723 0 0.00% 267 36.97% 174 24.06% 224 30.92% 58 8.05%
84

screen-detected

cases 924 174 18.80% 578 62.61% 122 13.26% 47 5.09% 2 0.23%

absence of

screening* 713 0 0.00% 276 38.72% 172 24.13% 212 29.75% 53 7.41%
87

screen-detected

cases 977 185 18.94% 610 62.44% 125 12.78% 54 5.52% 3 0.32%

absence of

screening* 682 0 0.00% 262 38.40% 170  24.93% 203 29.77% 47 6.90%
90

screen-detected

cases 1,017 194 19.09% 628 61.75% 135 13.28% 56 5.53% 4 0.35%

absence of

screening* 631 0 0.00% 255  40.36% 151  23.99% 179 28.38% 46 7.27T%

* only women potentially identified throught screening
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Table 16: Cause of deaths (per 100,000 invitation)

screen-

e Absence of screening screening screening
screening (scenario 1) (scenario 2) (scenario 3)
72
Total number of deaths 752*
Of which:
Die from breast cancer 352 46.8% 177 23.6% 157  20.9% 131 17.4%
Die from other causes 400 53.2% 575 76.4% 594 79.1% 621 82.6%
absolute change -175 -195 -221
relative change -49.7% -55.3% -62.8%
75
Total number of deaths 795 *
Of which:
Die from breast cancer 324 40.8% 165 20.8% 145 18.2% 111 13.9%
Die from other causes 471 59.2% 630 79.2% 650 81.8% 684 86.1%
absolute change -159 -179 -213
relative change -49.0% -55.3% -65.9%
78
Total number of deaths 843*
Of which:
Die from breast cancer 304 36.0% 170 20.2% 140  16.6% 104 12.4%
Die from other causes 539  64.0% 673  79.8% 702 83.4% 739 87.6%
absolute change -134 -164 -200
relative change -44.0% -53.8% -65.7%
81
Total number of deaths 882*
Of which:
Die from breast cancer 259 29.4% 151 17.1% 115  13.1% 79  9.0%
Die from other causes 623 70.6% 731 82.9% 767  86.9% 803 91.0%
absolute change -108 -144 -180
relative change -41.8% -55.5% -69.5%
84
Total number of deaths 924*
Of which:
Die from breast cancer 201 21.7% 133 14.4% 90 9.7% 61 6.6%
Die from other causes 723 78.3% 791  85.6% 834  90.3% 863 93.4%
absolute change -68 -111 -140
relative change -33.7% -55.3% -69.8%
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Total number of deaths 977*

Of which:
Die from breast cancer 147  15.1% 120 12.3% 71 7.2% 48 5.0%
Die from other causes 830 84.9% 856 87.7% 906 92.8% 928  95.0%
absolute change -27 -76 -99
relative change -18.1% -52.0% -67.0%

1,017

Total number of deaths *

Of which:
Die from breast cancer 96 9.5% 90 8.8% 49 4.9% 32 3.2%
Die from other causes 921  90.5% 927  91.2% 967 95.1% 985 96.8%
absolute change -7 -47 -64
relative change -7.0% -48.6% -66.7%

* only women potentially identified throught screening

Figure 45: Proportion of deaths attributable to breast cancers
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4.1.2. Life-years gained

Table 17 shows the incremental life years gained for each policy option. Extending screening to the age of 72
years old is expected to lead to an increase in life years ranging from 0.87 years to 1.02 years per person

dectected. The incremental life years decrease as the screen-age increase (Figure 46).

Table 17: Incremental life years gained (discounted) among potentially detected cases

No screening Scenario 1 Scenario 2 Scenario 3
72 Total life years * 7,464 8,117 8,155 8,228
Incremental life years
gained* 653.16 690.36 763.78
Average life years gained 9.93 10.80 10.85 10.95
Incremental life years
gained** 0.87 0.92 1.02
75 Total life years* 8,685 9,147 9,181 9,245
Incremental life years
gained* 462.44 496.51 560.59
Average life years gained 10.93 1151 11.55 11.63
Incremental life years
gained** 0.58 0.62 0.71
78 Total life years* 9,991 10,305 10,344 10,397
Incremental life years
gained* 314.31 352.85 406.49
Average life years gained 11.86 12.23 12.28 12.34
Incremental life years
gained** 0.37 0.42 0.48
81 Total life years* 11,327 11,512 11,548 11,585
Incremental life years
gained* 185.71 221.57 258.07
Average life years gained 12.84 13.05 13.09 13.13
Incremental life years
gained** 0.21 0.25 0.29
84 Total life years* 12,805 12,892 12,922 12,946
Incremental life years
gained* 87.51 117.36 141.81
Average life years gained 13.86 13.96 13.99 14.02
Incremental life years
gained** 0.09 0.13 0.15
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87

90

Total life years*

Incremental life years
gained*

Average life years gained

Incremental life years
gained**

Total life years*

Incremental life years
gained*

Average life years gained

Incremental life years
gained**

14,520

14.87

16,100

15.83

14,552

31.91

14.90

0.03

16,113

12.25

15.85

0.01

14,576

56.27

14.93

0.06

16,129

28.94

15.86

0.03

14,589

68.78

14.94

0.07

16,136

35.68

15.87

0.04

* per 100,000 women invited

** per person

Figure 46: Incremental life years gained per person detected
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4.2. Impact of screening on resource use and management of breast cancer

Table 18 shows the distribution of primary treatment post-diagnosis of breast cancer and the proportion of
women treated for recurrence. The probability of resource use decreases as the age at screen-detection
increases with one exception: for hormonal therapies® (Figure 47). This is due to the fact that older women
are less likely to be treated heavily as age increase. Furthermore, we estimated that fewer women would

develop a recurrence, and therefore receive treatment after the implementation of screening.

Figure 47: Proportion of resources used among screen-detected women treated for invasive cancer/CIS
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® Note that results for WLE, mastectomy, hormonal therapy, radiotherapy, chemotherapy, axillary sampling and block
dissection are presented for women with invasive cancer only.

University of Sheffield, SCHARR, HEDS | Kok



Table 18: Impact of screening on resources used per 100,000 women invited

Age at screen Invasive cancer CIS WLE Mastectomy Hormone Chemotherapy Radiotherapy AX|IIar_y B.IOCk . Treated for
sampling dissection recurrence

72

Screened 608 144 350 57.55% 229  37.74% 500 82.34% 36 597% 429  70.61% 238 39.17% 326 53.63% 2 0.32%

Symptomatic 705 0 315  44.61% 303 42.91% 584 82.80% 28  3.92% 424 60.15% 232 32.97% 376 53.37% 65 9.19%
75

Screened 640 155 360 56.36% 229  35.74% 526 82.26% 25  3.93% 419  65.52% 216 33.81% 348  54.40% 3 042%

Symptomatic 721 0 305  42.26% 289  40.12% 597 82.85% 20  2.80% 390 54.19% 201  27.84% 368 51.11% 59 8.23%
78

Screened 689 154 376  54.59% 236 34.23% 570 82.82% 18  2.55% 415  60.24% 201  29.23% 367 53.25% 2 0.29%

Symptomatic 732 0 287  39.15% 273 37.23% 610 83.35% 14 1.86% 348  47.49% 169 23.10% 357  48.79% 66 9.02%
81

Screened 711 171 363 51.10% 234 32.96% 597  83.90% 15  2.08% 378 53.12% 173 24.30% 365 51.31% 2 0.28%

Symptomatic 723 0 257  35.50% 247  34.14% 611 84.51% 11 1.51% 294 40.68% 133  18.40% 330 45.60% 65 9.06%
84

Screened 750 174 354 47.16% 224 29.93% 634  84.55% 7 1.00% 332 44.25% 154 20.49% 359  47.90% 3 0.34%

Symptomatic 713 0 224 31.42% 210  29.52% 605 84.87% 4 0.60% 230 32.30% 107  15.07% 283  39.77% 64 9.03%
87

Screened 792 185 332 41.93% 214 27.09% 679 85.74% 6 0.74% 285  36.00% 128  16.12% 345  43.54% 2 0.25%

Symptomatic 682 0 187 27.41% 168  24.69% 589  86.30% 4 0.62% 175 25.58% 7 11.26% 234 34.30% 57 8.31%
90

Screened 823 194 296  35.92% 195 23.67% 708  86.05% 3 0.39% 230  27.95% 103 12.55% 308 37.38% 2 0.28%

Symptomatic 631 0 138 21.80% 130 20.67% 542  85.82% 2 0.31% 119 18.84% 51 8.05% 176 27.94% 55 8.73%
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4.3. Impact of screening on quality of life

Table 19 shows the incremental QALY gained for each policy option. Extending screening to the age of 72

years old is expected to lead to an increase in QALY ranging from 0.75 years to 0.85 years per person

detected. The incremental QALY's decrease as the screening-age increases. The reduction in quality of life

associated with the mammogram and recall for further investigation is expected to outweigh the gain in

QALY from screening after 87 years.

Table 19: impact of screening on QALY (discounted) among potentially dectected cases

No screening Scenario 1 Scenario 2 Scenario 3

QALY associated with diagnosis of breast cancer & full

72 health* 5,062.39 5,623.47 5,648.79 5,701.56

Disutility associated with screening mammography* 0.00 -2.60 -2.60 -2.60
Disutility associated with recall for further assessment* 0.00 -46.01 -46.01 -46.01
Total QALY™ 5,062.39 5,574.86 5,600.19 5,652.96
Incremental QALY™ 512.47 537.80 590.57
Average QALY **

(detected cancer only) 6.73 7.48 7.51 7.59
Average incremental QALY (detected cancers only)** 0.75 0.78 0.85
QALY associated with diagnosis of breast cancer & full

75 health* 5,988.74 6,385.47 6,407.93 6,452.93

Disutility associated with screening mammography* 0.00 -2.30 -2.30 -2.30
Disutility associated with recall for further assessment* 0.00 -40.66 -40.66 -40.66
Total QALY™ 5,988.74 6,342.51 6,364.97 6,409.96
Incremental QALY * 353.77 376.22 421.22
Average QALY™**

(detected cancer only) 7.53 8.03 8.06 8.12
Average incremental QALY (detected cancers only)** 0.50 0.53 0.58
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78

81

84

QALY associated with diagnosis of breast cancer & full
health*

Disutility associated with screening mammography*

Disutility associated with recall for further assessment*
Total QALY*
Incremental QALY *

Average QALY **
(detected cancer only)

Average incremental QALY (detected cancers only)**

QALY associated with diagnosis of breast cancer & full
health*

Disutility associated with screening mammography*

Disutility associated with recall for further assessment*
Total QALY™
Incremental QALY *

Average QALY **
(detected cancer only)

Average incremental QALY (detected cancers only)**

QALY associated with diagnosis of breast cancer & full
health*

Disutility associated with screening mammography*

Disutility associated with recall for further assessment*
Total QALY™
Incremental QALY ™*

Average QALY™**
(detected cancer only)

Average incremental QALY (detected cancers only)**

6,954.95

0.00

0.00
6,954.95

8.25

7,933.47

0.00

0.00
7,933.47

8.99

8,994.71

0.00

0.00
8,994.71

9.74

7,223.83

-2.03

-35.88
7,185.93
230.98

8.57

0.32

8,094.10

-1.79

-31.45
8,060.86
127.39

9.18

0.18

9,069.10

-1.57

-27.39
9,040.13
45.42

9.82

0.08

7,248.43

-2.03

-35.88
7,210.53
255.58

8.60

0.35

8,116.33

-1.79

-31.45
8,083.09
149.62

9.20

0.21

9,087.05

-1.57

-27.39
9,058.09
63.37

9.84

0.10
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7,285.31

-2.03

-35.88
7,247.41
292.46

8.65

0.39

8,140.82

-1.79

-31.45
8,107.58
174.11

9.23

0.24

9,103.04

-1.57

-27.39
9,074.07
79.36

9.86

0.12
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QALY associated with diagnosis of breast cancer & full

87 health* 10,202.76 10,223.03 10,236.64 10,244.57
Disutility associated with screening mammography* 0.00 -1.38 -1.38 -1.38
Disutility associated with recall for further assessment* 0.00 -24.16 -24.16 -24.16
Total QALY™* 10,202.76 10,197.49 10,211.10 10,219.04
Incremental QALY * -5.27 8.33 16.27
Average QALY **

(detected cancer only) 10.45 10.47 10.48 10.49
Average incremental QALY (detected cancers only)** 0.02 0.03 0.04
QALY associated with diagnosis of breast cancer & full

90 health* 11,299.84 11,291.85 11,300.46 11,304.59
Disutility associated with screening mammography* 0.00 -1.21 -1.21 -1.21
Disutility associated with recall for further assessment* 0.00 -21.42 -21.42 -21.42
Total QALY™* 11,299.84 11,269.21 11,277.82 11,281.96
Incremental QALY * -30.63 -22.01 -17.88
Average QALY **

(detected cancer only) 11.11 11.10 11.11 11.12
Average incremental QALY (detected cancers only)** -0.01 0.00 0.00

* per 100,000 invitation
* per person
Figure 48: Incremental QALYs gained among all potentially detected cases
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4.4. Impact of screening on costs

The impact of screening on costs is presented in Table 20 for scenario 1 only. Costs under scenario 2 and 3
for the screening options are very similar, with the main differences attributable to discounting and extra life
years.

The early detection from screening translates into higher costs of primary treatment for breast cancer and
higher costs for follow-up after primary treatment. However, the costs associated with treatment for
recurrence and palliative care, are considerably lower.

Finally, screening options lead also to considerable costs associated with the mammogram itself, the cost of
the invitation and management for recall for further investigation.
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Table 20: impact of screening on costs per 100,000 invitation (discounted)

Age at screen Total cost Primary treatment Recurrence Cost follow-up Palliative care screening invitation recall for
mammography cost assessment

72

Screened 11,197,298 6,935,243 471,652 479,154 453,997 1,116,888 1,190,000 550,364

Symptomatic 7,652,185 5,492,969 928,777 387,083 843,356 0 0 0

incremental 3,545,113 1,442,274 -457,125 92,071 -389,359 1,116,888 1,190,000 550,364
75

Screened 10,176,535 6,304,742 451,589 449,092 393,441 1,007,829 1,073,312 496,530

Symptomatic 6,608,810 4,758,275 778,151 350,538 721,846 0 0 0

incremental 3,567,725 1,546,467 -326,562 98,554 -328,405 1,007,829 1,073,312 496,530
78

Screened 9,296,681 5,716,855 460,552 416,507 378,062 908,935 968,066 447,704

Symptomatic 5,815,320 4,077,177 800,191 311,576 626,376 0 0 0

incremental 3,481,360 1,639,677 -339,639 104,931 -248,314 908,935 968,066 447,704
81

Screened 8,345,091 5,107,964 450,353 382,027 310,523 819,434 873,140 401,650

Symptomatic 4,866,453 3,380,997 725,404 267,130 492,922 0 0 0

incremental 3,478,639 1,726,968 -275,051 114,897 -182,399 819,434 873,140 401,650
84

Screened 7,370,213 4,419,448 466,678 345,084 254,218 738,811 787,522 358,452

Symptomatic 3,918,468 2,684,509 653,237 227,261 353,461 0 0 0

incremental 3,451,745 1,734,939 -186,559 117,823 -99,243 738,811 787,522 358,452
87

Screened 6,462,613 3,849,597 389,062 311,385 211,263 666,562 710,300 324,444

Symptomatic 3,062,438 2,105,794 528,851 188,645 239,148 0 0 0

incremental 3,400,175 1,743,803 -139,789 122,740 -27,885 666,562 710,300 324,444
90

Screened 5,499,238 3,186,659 359,725 270,824 144,201 601,403 640,650 295,776

Symptomatic 2,262,808 1,504,328 469,243 144,486 144,751 0 0 0

incremental 3,236,431 1,682,331 -109,518 126,338 -549 601,403 640,650 295,776
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45. Incremental Cost-Effectiveness Ratios

45.1. Incremental cost per Life Years Gained

Table 21 presents the incremental cost per life years gained of extending screening up to the age of 90 years.
The cost per life years gained ranged from £4,487 to £5,428 for the addition of one screening round at the
age of 72 years old. The addition of an additional screening round at the age of 75 years in complement to
screening at the age of 72 years old is associated with a cost of £6,141 - £7,715 per life years gained.

Extending screening to an older age become less and less cost-effective as the screening-age increases.

Table 21: Incremental cost per life years gained

72 75 78 81 84 87 90

Scenario 1 £5,428 £7,715 £11,076 £18,731 £39,445 £106,554 £264,289

Scenario 2 £5,067 £7,097 £9,697 £15,408 £28,789 £59,032 £109,909

Scenario 3 £4,487 £6,141 £8,228 £12,957 £23.465 £47,786 £88,444
45.2. Incremental cost per QALY Gained

Table 22 presents the incremental cost per QALY gained of extending screening up to the age of 90 years.
Under commonly accepted cost-effectiveness threshold in the UK (£20,000 per QALY gained), screening
older women was found to be a cost-effective use of NHS resource up to the age of 78 years. The harms

outweigh potential benefit for a screening strategy after 87 years old.

Table 22: Incremental cost per QALY gained

72 75 78 81 84 87 90
Scenario 1 £6,918 £10,085 £15,072 £27,306 £75,997 Dominated Dominated
Scenario 2 £6,504 £9,366 £13,388 £22,817 £53,313 £398,564 Dominated
Scenario 3 £5,804 £8,173 £11,437 £19,204 £41,931 £201,965 Dominated
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4.6.  Sensitivity analysis

A set of univariate and multivariate sensitivity analysis were conducted to evaluate the impact of varying key

model parameters and assumptions that affect the ICER (Figure 49).

The ICER was mostly sensitive to the assumptions about the duration and quality of life spent in each state
(from 1 to 3 years) after the diagnosis of breast cancer (reduction in quality of life), the recall rate for further
investigation, discounting, the parametric survival regression model used to evaluate deaths in breast cancer
patients, the assumptions about the reduction in quality of life associated with the pain and anxiety from the

mammaogram and the recall for further investigation.

Treatment costs, utility weights, sensitivity of screening mammography for invasive cancer or CIS and

uptake rate had a lower impact on the ICER.

Assuming 78 years old to be the upper age limit for screening based on the cost per QALY gained (£15,072)
below the commonly cited £20,000 per QALY gained, the strategy would no longer be cost-effective or
close to the threshold assuming a discount rate of 5% (£19,342), a recall rate for further investigation of 10%
(£23,499), lower utility weights for the diagnosis of breast cancer and assuming a duration of 3 years for
each health states excluding metastasis (£22,124), a cost of screening equal to £40.4 (£21,807), lower utility
weights for the diagnosis of breast cancer and assuming a duration of 2 years for each health state excluding
metastasis (£19,386) and a recall rate equal to 7% (£18,748).

If the willingness to pay threshold is £30,000 per QALY gained our results suggest that screening can be
extended up to 81 years old under our base case assumptions. However, the ICER was found to be very
sensitive and the ICER was beyond £30,000 per QALY gained assuming the same duration of utility by
stage, lower utility weight for breast cancer diagnosis, primary management costs, cost of screening
mammaography, cost for recall for further investigation, the recall rate, the tumour growth rate and discount

rates.
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Figure 49: sensitivity analysis

Sensitivity analysis
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5. DISCUSSION AND MAIN LIMITATIONS

To our knowledge, this study is the first that has attempted to identify the upper age limit at which screening
mammography should be extended in England and Wales. We perfomed a cost-effectiveness analysis which
suggests that, under the assumptions made under our base case, an extension of the current NHSBSP upper
age limit for invitations from 70 to 78 would represent a cost-effective use of NHS resources under
commonly-used willingness to pay threshold in the UK (£20,000 per QALY gained). These results are
derived from a mathematical model comprising two parts — a natural history model of the progression of
breast cancer up to discovery, and a post-diagnosis model of treatment, recurrence and survival. Routine
data from cancer registries (WMCIU and ECRIC) were used to calibrate the model and estimate the natural
history of breast cancer among women presenting from clinical symptoms in the absence of screening.
[33;34] Data were complemented with data from the NHSBSP to evaluate the impact of screening

mammaography.

Studies that have investigated the cost-effectiveness of mammography in other countries have reported
results that differ widely. For example, a recent study by Rojnik et al (2008) reported that extending the
upper age limit for screening in Slovenia from 70 to 75would lead to an ICER of €14,350 per QALY gained.
[27] The ICER for extending screening up to the age of 80 years old compared to 75 years old was estimated
to be €18,471. In the US, Mandelblatt et al (2005) estimated that the cost per QALY gained of extending
screening up to 79 years old compared to 70 years old was $155,865 per QALY gained. [32] Furthermore,
Barratt et al (2002) estimated the cost per QALY gained to range from $8,119 to $27,751 for extending
screening up to 79 years old in Australia. This variation in results is partly explained by different
assumptions about the impact of breast cancer diagnosis on the quality of life, higher management costs
observed in the US and differences in assumptions about the impact of earlier detection on survival. We
explored the impact of varying a wide range of assumptions through sensitivity analysis, and found that the
ICER was most sensitive to the rate for recall for further investigation, assumptions about the impact of
breast cancer diagnosis on quality of life, discounting, the cost for screening mammography and the impact

of screening on survival. Similar findings were made by previous authors. [27]

There are many examples of the use of decision-analytic modelling to analyse the impact of screening by
mammaography. We chose to develop a model de novo because we felt that no single model fully captured
aspects of the natural history of the disease which would have a direct impact on the costs and benefits of
screening. Indeed, most of the identified models used a simple stage approach (CIS, local , regional and
distant). We would not argue that our model fully captures the complexities of this issue either, but it makes

several steps in that direction. In particular, we represent both tumour growth and metastatic progression
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(including CIS), include aspects of disease heterogeneity (grade and ER status), and explicitly link this
heterogeneity to the aggression of the disease (in terms of growth rate and time to metastatic progression).

Given the complexity of our model, its calibration was a challenging exercise. We had UK data for this,
both from cancer registries and the current NHSBSP. The challenges arose from the complex indirect
relationship between the data and our model parameters. We developed a technique which we call Monte
Carlo Likelihood simulation to estimate the optimum set of parameters that best fit the observed data. This

process was found to be very effective and provided a reasonably good fit to the observed data.

We also validated the calibrated natural history against estimates from the published literature. The results of
our calibration exercise were within the range of estimates found in the published literature in terms of
sensitivity. Similarly, the model estimated the mean sojourn time to be about 5.2 years (including the period
when the woman has a screen-detectable CIS). Evidence from the published literature suggested that the
mean sojourn time is between 1.3 to 4.2 years in younger women, and that sojourn time increases with age.
[37] For instance, Van Oortmassen et al (1990) estimated that the mean sojourn time increased from 2 years
at the age of 40 to 5 years at the age of 70. [74] Similarly, evidence from the published literature suggests
that the mean lead time is approximately two years. Our estimate was around 3 years (excluding the time
taken to become invasive), and this may reflect the more favorable biology that tumours tend to have in older

women.

In our study, 36% - 47% of women were found to die from breast cancer causes in the absence of screening
up to the age of 80 years old. Similar figures have been reported in the literature. Bastiannet et al (2010)
reported that after the age of 75 years , more than 50% of deceased patients with breast cancer die of other
causes than their breast cancer. The proportion after 90 years old was about 25% respectively. [75] Diab et al
(2000) indicated that 73% of deaths in breast cancer patients in the 50-54 year age group are due to their

breast cancer, compared to only 29% of deaths in women aged over 85 years old. [6]

A strength of the model is that it allows us to identify over-diagnosis from screening (i.e cancer that would
never present in the absence of screening). The model estimated that screening would lead to over-diagnosis
in 6.2% of screen-detected women at the age of 72 years, increasing up to 30.1% at the age of 90 years.
Previous estimates of this figure in the literature have varied considerably, in relation to estimates of the
sojourn time. For instance, Paci et al (2005) estimated over-diagnosis to be 2% for invasive cancer and 5%

including CIS assuming a mean lead time of 3.7 years in women aged 50 to 69 years. [76] Morrell et al
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(2010) estimated the rate of over-diagnosis to be 15% in women aged 65-69 years old allowing for a 5-year
lead time bias. [15] Similarly, Paci et al (2006) estimated the excess ratio due to over-diagnosis to be 4.6% (2
— 7%) after correction for lead time bias and 3.2% for invasive cancer (1 — 6%). [38] Finally, Duffy et al
(2005) calculated the risk of over-diagnosis to be 5% after adjustment for lead time. [77] Our model
illustrates the extent to which over-diagnosis becomes an increasing problem as the age at screening

increases.

A considerable mortality reduction from screening was observed in our model up to 81-84 years old (33% -
46%). However this figure relates solely to the impact on those whose disease is detected through screening.
The mortality reduction will be lower when women are included who would present with interval cancers
between screening rounds. Evidence from the published literature suggests a mortality reduction of around
30% for women aged 40-74 years. [78] In the Swedish trials, a 10-13% mortality reduction was found in
women aged 40-49 and 29-31% in women aged 50-69. Finally, Duffy et al (2006) estimated a significant
43% reduction in incidence based breast cancer mortality among screened women after adjusting for self-
selection bias. [79]

Finally, the management of breast cancer after diagnosis was estimated from cancer registry data among
older women to reflect potential differences in the management of breast cancer in the older population
compared to younger women. We also used age-specific data to estimate the proportion of women treated for

recurrence.

Despite the strengths, there were limitations to our analysis. Firstly, although our model captures a
considerable amount of the underlying biology of breast cancer, there is potential for improvement. For
instance, grade was assumed to be constant in the current study, and it is possible that grade will increase
over time if tumours are not detected. There are also some limitations related to the data and to the
calibration approach. Indeed, few data were available to fit the model. The inclusion of more data, by age
group for example would have been more relevant. It was not possible to use data by age group in the current
study due to the small sample size. The calibration approach showed also some difficultly to converge with
the necessity to calibrate part of the model manually to ensure that results of the calibration were sensible
and in line with evidence from the published literature. The calibration approach also did not allow us to
ascertain the uncertainty in the natural history in the absence of acceptance criteria. Other forms of
calibration methods could have been used to allow us to capture the uncertainty such as Metropolis Hasting.
[80] This is particularly important given that an infinite set of parameter values could have been estimated

and fitted equally the observed data. To a lesser extent, there are also potential limitations associated with the
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use of registry data, with potential misclassification of patients. We also used incidence data before the
introduction of screening in the late 80s despise the general tendency for an increase in the incidence over
time without screening. This is likely to affect the sojourn time. Unfortunately, it was not possible to explore
the impact of different incidence rates due to time constraints. Finally, we also assumed that women cannot
present symptomatically due to CIS, even though this does occur occasionally (Paget’s disease of the nipple,
bleeding from the nipple and the occasional palpable mass).

One important limitation was the assumption around the impact of breast cancer diagnosis on survival. A key
driver of the benefit of screening is the extent to which early detection impacts on survival. Not only were
we restricted by the lack of RCT data to estimate this relationship, we also only had useful routine survival
data in this cohort for women who had presented symptomatically. To overcome this, we explored a number
of assumptions when extrapolating from this data to estimate the impact of earlier detection through
screening on survival. These assumptions reflected different levels of optimism in the ability to delay death
through early detection, and illustrate the extent to which these assumptions drive the cost-effectiveness.

Furthermore, primary treatments were limited and comprised only surgery, hormonal therapy, chemotherapy
and radiotherapy. Simplified assumptions have also to be made in the assignment of costs given the model
structure. Costs were also estimated from an NHS perspective only. Rees et al (2000) showed that women
treated for breast cancer undergo a lot of complementary therapies. [81] There was also uncertainty around
the cost for screening mammaography with a cost ranging from £15 to about £41 in the literature. This was
shown to influence the ICER. We also assumed that the cost of screening mammaography was similar by age
group. This may not be true as older women may require more time due to frailty. There were also some
limitations around the cost of the invitation to screening, with estimates suggesting a cost around £12. It was
also not possible to estimate the time to recurrence, or timing of each treatment in the model. This was due to
the absence of data about the impact of primary treatment on further progression and therefore death. While
this is less important for costing purposes this is likely to represent an issue when discounting. This is
particularly important as discounting was found to be one of the assumption that influenced the ICER most
strongly. Finally, treatment for CIS was also estimated among a small sample size of 257 patients and
included a limited number of resource used. There is also the possibility of misclassification of these

patients.

We tried to include compliance rates. While this is less an issue for the ICER, a simplified assumption was
used assuming the compliance to be independent at each screening round. This may represent a limitation, as

some women may never attend, some may attend sometimes, and some women may always be compliant.

University of Sheffield, SCHARR, HEDS | [lE:!



Finally, despite the large amount of literature about the impact of breast cancer diagnosis on quality of life,
[82] [69] there are considerable uncertainties around quality of life in breast cancer patients given the wide
variation in estimates between studies. There are also uncertainties about the most appropriate approach to
ascertain the quality of life, in terms of stage or treatment utility weights. Our study used data from a US
study conducted in women without breast cancer. This may represent a potential weakness in our
assumptions. The utilities were also calculated using SG and we assumed that results were transferable to
EQ-5D. This may bias the estimate. We also made some assumptions about the duration of reduction in

quality of life after diagnosis of breast cancer in the absence of evidence.
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VI. CONCLUSION

This study suggests that, under the assumptions made under our base case, an extension of the current
NHSBSP upper age limit for invitations from 69 to 78 would represent a cost-effective use of NHS resources
under commonly-used willingness to pay threshold in the UK (£20,000 per QALY gained).

Estimates in other countries indicated similar conclusions. Our model goes beyond previously published
cost-effectiveness models in terms of biological plausibility and was calibrated to observed registry data in
the UK. However, despite these strengths, there were some limitations due to the lack of data to calibrate the

model, the assignment of costs and quality of life and the approach used to model survival.
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VII. APPENDICES

1. APPENDIX 1
Table 23: Shift in Stage Distribution per 100,000 invitation (results by subgroup)

stage post-diagnosis

screen- stage stage stage stage stage
age n 0 | I 1l v
72
Screen-detected cases 752 144 19.2% 458 61.0% 104 13.9% 43  57% 2 0.2%
Of which
e clinically
significant 705 93.8% 124 17.5% 437 62.0% 101 14.3% 42 5.9% 2 0.3%
e over-
diagnosis 47 6.2% 20 43.6% 22 46.3% 4  7.9% 1 22% 0 0.0%
Absence of screening 705 0 0.0% 259 36.7% 170 24.2% 213 30.2% 63 8.9%
75
Screen-detected cases 795 155 19.5% 488 61.4% 110 13.8% 39 4.9% 2 0.3%
Of which
e clinically
significant 721 90.6% 123 17.1% 454 63.1% 104 14.4% 37  51% 2 0.3%
e over-
diagnosis 74 9.4% 33 43.7% 34 455% 6 81% 2 26% 0 0.0%
Absence of screening 721 0 0.0% 270 37.5% 176  24.5% 213  29.5% 61 8.5%
78
Screen-detected cases 843 154 18.3% 524  62.2% 112 13.3% 49  5.8% 3 0.4%
Of which
e clinically
significant 732 86.9% 110 15.0% 471 64.3% 102 14.0% 46 6.2% 3 04%
e over-
diagnosis 110 13.1% 44  39.7% 53 48.1% 10 9.0% 4 3.2% 0 0.0%
Absence of screening 732 0 0.0% 272 37.2% 174 23.7% 225 30.7% 61 8.3%
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81

Screen-detected cases 882 171 19.4% 542 61.4% 115 13.1% 50 57% 4 0.4%
Of which
e clinically
significant 723 82.0% 107 14.8% 463 64.0% 104 14.3% 46 6.4% 3 0.5%
e over-
diagnosis 159 18.0% 64 40.2% 79 49.9% 12 7.3% 4  2.4% 0 0.2%
Absence of screening 723 0 0.0% 267 37.0% 174 24.1% 224  30.9% 58 8.0%
84
Screen-detected cases 924 174 18.8% 578 62.6% 122 13.3% 47  51% 2 0.2%
Of which
e clinically
significant 713 77.2% 95 13.3% 469 65.8% 105 14.7% 42  5.9% 2 0.3%
e over-
diagnosis 211 22.8% 79 37.3% 110 52.0% 18 8.4% 5 23% 0 0.1%
Absence of screening 713 0 0.0% 276 38.7% 172 24.1% 212 29.7% 53 7.4%
87
Screen-detected cases 977 185 18.9% 610 62.4% 125 12.8% 54 55% 3 0.3%
Of which
e clinically
significant 682 69.9% 76 11.1% 456 66.8% 101 14.9% 46  6.8% 3 0.5%
e over-
diagnosis 294  30.1% 109 37.1% 154 52.4% 23 8.0% 7  25% 0 0.0%
Absence of screening 682 0 0.0% 262 38.4% 170 24.9% 203 29.8% 47  6.9%
90
Screen-detected cases 1,017 194 19.1% 628 61.7% 135 13.3% 56 5.5% 4 0.3%
Of which
e clinically
significant 631 62.1% 63 10.0% 418 66.2% 103 16.4% 44  6.9% 3 0.5%
e over-
diagnosis 386 37.9% 131 34.0% 210 54.5% 32 8.2% 13 3.2% 0 0.1%
Absence of screening 631 0 0.0% 255  40.4% 151 24.0% 179 28.4% 46 7.3%
University of Sheffield, SCHARR, HEDS | ks




2. APPENDIX 2

Table 24: Distribution of death by cause of mortality per 100,000 invitation (extension of screening up to the

age of 90 years old)

last screening

round
Absence of screening screening screening
screening (scenario 1) (scenario 2) (scenario 3)
72
Total number of deaths 752
All screen
detected cancers Of which:
. BC death 352 46.8% 177 23.6% 157 20.9% 131 17.4%
. Non BC death 400 53.2% 575 76.4% 594 79.1% 621 82.6%
Abs reduction (BC death) -175 -195 -221
Rel reduction (BC death) -49.7% -55.3% -62.8%
All death causes 705 705 705
Of which:
Clinically relevant . BC death 171 24.2% 157 22.3% 131 18.6%
. Non BC death 534  75.8% 548 77.7% 574 81.4%
All death causes 47 47 47
Over-diagnosis Of which:
. BC death 6 13.8% 0 0.0% 0 0.0%
. Non BC death 40 86.2% 47  100.0% 47  100.0%
75
Total number of deaths 795
All screen
detected cancers Of which:
. BC death 324 40.8% 165 20.8% 145 18.2% 111 13.9%
. Non BC death 471 59.2% 630 79.2% 650 81.8% 684 86.1%
Abs reduction (BC death) -159 -179 -213
Rel reduction (BC death) -49.0% -55.3% -65.9%
All death causes 721 721 721
Of which:
Clinically relevant . BC death 156 21.6% 145 20.1% 111 15.3%
. Non BC death 565 78.4% 576 79.9% 610 84.7%
All death causes 74 74 74
Over-diagnosis Of which:
. BC death 9 12.5% 0 0.0% 0 0.0%
. Non BC death 65 87.5% 74 100.0% 74 100.0%
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78

Total number of deaths 843
All screen
detected cancers Of which:
. BC death 304 36.0% 170  20.2% 140 16.6% 104 12.4%
. Non BC death 539 64.0% 673 79.8% 702 83.4% 739 87.6%
Abs reduction (BC death) -134 -164 -200
Rel reduction (BC death) -44.0% -53.8% -65.7%
All death causes 732 732 732
Of which:
Clinically relevant . BC death 155  21.2% 140 19.1% 104 14.2%
. Non BC death 577 78.8% 592 80.9% 628 85.8%
All death causes 110 110 110
Over-diagnosis Of which:
. BC death 15 13.6% 0 0.0% 0 0.0%
. Non BC death 95 86.4% 110 100.0% 110 100.0%
81
Total number of deaths 882
All screen
detected cancers Of which:
. BC death 259 29.4% 151 17.1% 115 13.1% 79 9.0%
. Non BC death 623 70.6% 731  82.9% 767 86.9% 803 91.0%
Abs reduction (BC death) -108 -144 -180
Rel reduction (BC death) -41.8% -55.5% -69.5%
All death causes 723 723 723
Of which:
Clinically relevant . BC death 134  18.5% 115 15.9% 79 10.9%
. Non BC death 589 81.5% 608 84.1% 644 89.1%
All death causes 159 159 159
Over-diagnosis Of which:
. BC death 17  10.6% 0 0.0% 0 0.0%
. Non BC death 142 89.4% 159  100.0% 159  100.0%
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84

Total number of deaths 924
All screen
detected cancers Of which:
. BC death 201 21.7% 133 14.4% 90 9.7% 61 6.6%
. Non BC death 723 78.3% 791 85.6% 834 90.3% 863 93.4%
Abs reduction (BC death) -68 -111 -140
Rel reduction (BC death) -33.7% -55.3% -69.8%
All death causes 713 713 713
Of which:
Clinically relevant . BC death 114  15.9% 90 12.6% 61 8.5%
. Non BC death 599 84.1% 623 87.4% 652 91.5%
All death causes 211 211 211
Over-diagnosis Of which:
. BC death 19 9.2% 0 0.0% 0 0.0%
. Non BC death 191  90.8% 211  100.0% 211  100.0%
87
Total number of deaths 977
All screen
detected cancers Of which:
. BC death 147 15.1% 120 12.3% 71 7.2% 48 5.0%
. Non BC death 830 84.9% 856 87.7% 906 92.8% 928 95.0%
Abs reduction (BC death) -27 -76 -99
Rel reduction (BC death) -18.1% -52.0% -67.0%
All death causes 682 682 682
Of which:
Clinically relevant . BC death 97 14.2% 71 10.3% 48 7.1%
. Non BC death 586 85.8% 612 89.7% 634 92.9%
All death causes 294 294 294
Over-diagnosis Of which:
. BC death 24 8.1% 0 0.0% 0 0.0%
. Non BC death 270  91.9% 294 100.0% 294 100.0%
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90

Total number of deaths

All screen
detected cancers Of which:

. BC death

. Non BC death

Abs reduction (BC death)

Rel reduction (BC death)

All death causes
Of which:
Clinically relevant . BC death
e Non BC death

All death causes
Over-diagnosis Of which:
e  BC death
e Non BC death

1,017
96 9.5%
921 90.5%

90

927

-7.0%

631

71
560

386

18
367

8.8% 49
91.2% 967
-47

-48.6%

631

11.3% 49
88.7% 582
386

4.7% 0
95.3% 386

4.9%

95.1%

7.8%
92.2%

0.0%
100.0%

32 32%
985  96.8%
-64

-66.7%

631
32 51%
509 94.9%

386
0 00%

386 100.0%
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