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Background: Many women who are at increased risk of breast cancer due to a mother or sister diagnosed with
breast cancer aged under 40 do not currently qualify for surveillance before 40 years of age. There are almost
no available data to assess whether mammography screening aged 35–39 years would be effective in this
group, in terms of detection of breast cancer at an early stage or cost effective.
Methods: A cohort screening study (FH02) with annual mammography was devised for women aged 35–39 to
assess the sensitivity and screening performance and potential survival of women with identified tumours.
Findings: 2899 women were recruited from 12/2006–12/2015. These women underwent 12,086 annual screen-
ing mammograms and were followed for 13,365.8 years. A total of 55 breast cancers in 54women occurred dur-
ing the study period (one bilateral) with 50 cancers (49 women) (15 CIS) adherent to the screening. Eighty
percent (28/35) of invasive cancers were ≤2 cm and 80% also lymph node negative. Invasive cancers diagnosed
in FH02were significantly smaller than the comparable (POSH-unscreened prospective) study group (45% (131/
293) ≤ 2 cm in POSH vs 80% (28/35) in FH02 p b 0.0001), and were less likely to be lymph-node positive (54%
(158/290, 3 unknown) in POSH vs 20% (7/35) in FH02: p=0.0002. Projected and actual survival were also better
than POSH.Overall radiation dosewas not higher than in anolder screened population atmeandose on study per
standard sized breast of 1.5 mGy.
Interpretation:Mammography screening aged 35–39 years detects breast cancer at an early stage and is likely to
be as effective in reducing mortality as in women at increased breast cancer risk aged 40–49 years.
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1. Introduction
Women younger than 50 years of age are not eligible for National
Breast Screening Programmes, but women with significant breast can-
cer family histories are frequently referred for annual mammography
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as a secondary prevention strategy [1]. These women likely have breast
cancer incidence substantially higher than the population risk of
women in their fifties who qualify for the UK national screening pro-
gramme. A study to evaluate annual mammography in women aged
40–49 (FH01 study) [2,3] demonstrated a projected mortality advan-
tage for annual mammography surveillance compared to age matched
women with no screening based on tumour characteristics at diagnosis
[4]. No prospective evaluation has yet been carried out in women aged
b40who are currently invited for screening inmany familial risk clinics.
The design of mammographic surveillance evaluation studies is prob-
lematic. The feasibility study which was undertaken prior to FH01 in-
cluded surveys of clinical staff managing women at familial risk. These
surveys indicated that there was insufficient equipoise to carry out
randomised controlled trials [2,3]. As a result, FH01 was designed as a
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Research in context

Evidence Before This Study

There is virtually no published evidence of efficacy of mammogra-
phy in women aged less than 40 years of age. A number of
randomised screening trials assessed screening 2-yearly in women
aged 40–70 years of age and found more limited benefit in the
40–49 age group. However, the FH01 forerunner of FH02 showed
that women with a family history of breast cancer had tumours de-
tected earlier and with better prognosis aged 40–49 years than in
two control unscreened populations: an age trial control group aged
40–49 and a family history control group. As a result of FH01 NICE
guidelines in the UK recommended annual mammography in
women at moderate and high risk of breast cancer aged 40–
49 years. However, NICE recommended further research before
mammography was offered aged less than 40 years. The authors
undertook a full search of PubMed for all articles on mammography
screening in youngwomen. They used the search terms ‘mammog-
raphy’ ‘screening’ ‘young’ 1980–2018. English language publica-
tions only.

Added Value of This Study

The present FH02 study shows that annual mammography aged
35–39 years in a multicentre study is as effective as it was in
women aged 40–49 in FH01. Furthermore, tumours were detected
earlier with high sensitivity and better prognostic features than an
age matched comparison group from the POSH study. Breast can-
cer incidence was more than sufficient in the high risk group to jus-
tify screening, but further work may be needed in the moderate risk
group to assess cost effectiveness.

Implications of All the Available Evidence

The results of FH02 are sufficient to consider annual screening in all
high risk women and consider this for those at moderate risk with
annual mammography.

Table 1
Eligibility criteria for FH02.

1 first degree (FDR) female - breast cancer b 40
2) 1 FDR - bilateral breast cancer first cancer diagnosed b50;
3) 2 FDR or 1 FDR and 1-second degree (SDR) female - both with breast cancer b 60;
4) 1 FDR/SDR female - breast and ovarian cancer first cancer diagnosed b60
5) 2 FDR or 1 FDR and 1 SDR female - breast cancer b 60 and ovarian cancer at any age;
6) 3 FDR/SDR degree female - breast or ovarian cancer at any age;
7) 1 first degree male - breast cancer at any age
8) paternal history of a minimum of 2 SDR (NB. father's first degree relatives) with
breast cancer b 50 or breast b 50 and an ovarian cancer (any age), or paternal
uncle/grandfather with breast cancer b 50 years;

9) A BRCA1/2 mutation carrier or at least a 1 in 4 risk of carrying a knownmutation
in a family.
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single-arm cohort study, estimating the likely benefit of annual surveil-
lance on breast cancermortality from both internal modelling and com-
parison with other contemporary cohorts not undergoing
mammography [3].

In the UK theNICE guidelines [5] indicated a gap in knowledge of the
potential benefit or otherwise of mammography in high-risk women
aged b40, and clear need for research in this area. NICE stated that any
such screening in women aged b40 should only be performed as part
of research to evaluate this intervention. The current study aimed at
providing such an evaluation. The NICE literature review in the 2013
guidance [5] did not reveal any significant evidence for screening with
mammography without MRI b 40 years of age and our literature search
in December 2017 still revealed no significant subsequent publications.
Although a small proportion of women in the moderate/high-risk cate-
gories (~5%) are eligible for MRI screening in the UK in line with NICE
guidance, mainly due to carrying BRCA1/2 pathogenic variants, the
vast majority of those with familial risk b40 years of age do not cur-
rently qualify for approved health service surveillance. Approximately
3% of women b40 are at moderate to high-risk of breast cancer [5,6]
and at least half of these come forward with concerns about this [6].
The FH01 study established a likely beneficial effect on mortality from
breast cancer in the 40–50 age group as estimated from reduced tumour
size, absence of lymph-node involvement and grade of the breast tu-
mours diagnosed in the women recruited [3,4] and led to NICE
recommendations supporting annual surveillance in this age group
[5]. It was considered unlikely that a project in the 35–39 age group
would be able to recruit sufficient numbers to give a precise estimate
of these endpoints.We therefore proposed to base evaluation on the ac-
curacy of the screening test. This approach was used in four UK breast
screening trials in the last 20-years: the US one-view/two-view trial,
the DMIST study of digital mammography, the MARIBS trial of MRI in
very high-risk women and the CADET study of computer-aided detec-
tion in breast screening [7–10]. Thus, there are precedents for projecting
the effect on clinical outcomes from the observed results in terms of
early detection. The rationale is that if the proof of principle of early de-
tection is already established, screening regimens which achieve this
early detection with high degrees of accuracy are likely to be effective
in terms of subsequent clinical outcomes including mortality [3]. If
this can be shown to be of a similar order as in the FH01 and UK age tri-
als, which both studied the effects of annual mammography from age
40–49 [11], there would be some confidence that the surveillance
would have similar effects as in those studies. A retrospective audit of
annual mammography in three centres in the UK showed that results
were similar to FH01 in terms of screening accuracy with similar tu-
mour size and lymph node involvement in those undergoing annual
mammography [1]. Herewe present results of themulticentre prospec-
tive FH02 study.

2. Methods

Unaffectedwomenwith a family history of breast cancer (usually af-
fecting at least one first degree relative) meeting the criteria in Table 1
and aged 35–39 years were eligible for trial entry. Women in the retro-
spective arm of FH02 [1] were only eligible if theywere still aged 35–39
andwithout breast cancer.Womenwere screenedwithmammography
annually.

Thirty four centres contributed prospective screening data as part of
the FH02 study.

The aims and purpose of the study were:

1. To estimate, in terms of screening accuracy (sensitivity/specificity
and stage of cancers) the likely benefit of annual mammography in
women at increased risk aged 35–39 by comparison with the accu-
racy and endpoints observed in the FH01 study and the UK Age Trial.

2. To compare the screening accuracy and outcomes between the pro-
spective study with strict entry criteria and interventions, to retro-
spective FH02 with no universal standard of eligibility or
intervention.

3. To compare the prognostic indicators of the detected tumours and
long-term patient outcome with women with a family history who
were not screened in the POSH study. The POSH study recruited inci-
dent breast cancers in women aged 40 or below in the UK from 2000
to 2007 [12,13].

4. To estimate the likely benefit, if any, of this mammographic activity -
in order to inform policy as to whether it should continue in the UK.
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The prospective study involved formal design and control, including
risk criteria to ensure that the enrolled population undergoing surveil-
lance was at sufficient breast cancer risk to achieve a worthwhile bal-
ance of benefit and harm of the intervention. Annual mammography
was the study standard. Data were collected on screening episode out-
comes, additional diagnostic activity in those recalled for further assess-
ment, biopsy and detection rates, active follow-up to ascertain interval
cancers, and full clinico-pathological data on the cancers diagnosed.
The prospective study collected the same data items as in FH01 allowing
a detailed comparison with FH01 [3]. The prospective collection of the
pathology data allowed an informative comparison with the tumours
in the POSH study which has complete tumour ascertainment [12].
Thus, the prospective study allowed formal evaluation addressing all 4
study aims.

The original protocol indicated recruitment of 2800 women be-
tween age 35–39, with a family history of breast cancer, and who ful-
filled at least one of the criteria in Table 1.

Satisfying one of these inclusion criteria gives an individual a ten-
year risk of developing breast cancer below age 40 of ≥1.5% [13–17].
This accords with information from the retrospective arm of FH02 in
Manchesterwhere 47 cancers in this age group occurred at an incidence
of 4.77 per 1000 [1].

Exclusion criteria for FH02 included:
Inability or refusal to give written informed consent; pregnancy;

women below the age of 35 or above the age of 39; a previous history
of breast cancer or ductal carcinoma in situ or bilateral risk-reducing
mastectomy; contraindication to annual X-rays and if a cancer is de-
tected by MRI and not mammography.

Women already under surveillance, including those contributing to
the retrospective study, were eligible, aswerewomennewly presenting
to genetic/family history clinics. Detailed information on the family his-
tory of each individual in the study was recorded at baseline. Standard
outcomes included attendance; normal/abnormal outcome; investiga-
tions and outcome of subsequent assessment and any surgical interven-
tion, for all those recruited. In addition, clinical and pathological data
were collected on each cancer diagnosed at each screening episode
and on interval cancers. The radiation dose frommammographywas re-
corded, if available, in order to assess likely risks from additional radia-
tion exposure. The value recorded was themean glandular dose (MGD)
per image, either as displayed by the mammography equipment or as
calculated.

2.1. Endpoints and Analyses

The primary outcomes expected at the end of the study period were
as follows:

1. Detection rates by screening round (incidence or prevalence). This is
the number of cancers detected per thousand women screened.

2. Number of interval cancers by risk stratum.
3. Programme and test sensitivity, the latter estimated takingmean so-

journ time (the duration of the preclinical screen-detectable period)
into account [18].

4. Number of recalls, including benign, per cancer detected including
bilateral.

5. Number of surgery/surgical biopsy cases per cancer detected.
6. Cancers diagnosed by size, node status, grade and receptor status.

As part of the data analysis, all of the above were comparedwith the
corresponding outcomes in FH01, taking account of differences in un-
derlying incidence in the two cohorts (see below). Likely future fatality
from breast cancer as assessed by the numbers of screen-detected and
interval cancers, was compared with that expected if there were no
screening, taking into account lead time and length bias and potential
overdiagnosis [19–23]. Tumour prognostic indicators and outcomes
were compared with unscreened women with breast cancers aged
35–40 years in the UK POSH study with a similar family history diag-
nosed 2000–2008. The analyses were performed separately including
and excluding ductal carcinoma in situ (DCIS) cases.

2.2. Study Size

For simplicity, we based our power/sample size calculations on the
comparison of a measure of sensitivity between this study and the UK
Age Trial. The sensitivity measure proposed was the programme sensi-
tivity (S) in an annual screening regime. If CS is the number of screen-
detected cancers and CI the number of interval cancers diagnosed
within one year of a negative screen,we assumeCS to be binomially dis-
tributed with denominator CS + CI. In the Age Trial, S was 65% [22]. To
have 90% power detect a significant S in our population being 20% lower
in absolute terms (i.e. 45%), we would need 65 cancers screen-detected
plus interval cancers (those presenting symptomatically within one
year) in total. This total would also give a 95% confidence interval on S
of no more than 12% in either direction. To calculate the number of
screens necessary to give 65 cancers, we note that in younger women
incidence screens and prevalence screens have approximately the
same detection rates [23]. We expect N × I × MST × ST cancers at
screening, where N is the number screened, I the underlying incidence
MST the mean sojourn time and ST the test sensitivity [24]. With S =
45%, we therefore need just over double the above product to be equal
to 65. Assuming ST= 0.8, MST=1.5, and an incidence of 2–4 per thou-
sand per year (3–7 times the population incidence for this age group),
we would need approximately 10,000 screens. We therefore aimed to
collect data on this total number of screens. As a failsafe,we aimed to re-
cruit 2800 subjects, with screening for five years.

2.2.1. Risk Categories
The risk thresholds for trial entry were those used in current NICE

guidance which defines moderate risk as 17–29% lifetime risk of breast
cancer or calculated 3% 10-year risk aged 40 years. The Tyrer-Cuzick al-
gorithmwas used as a single reproducible objectivemeasure of 10-year
risk. The high-risk categorywas defined as ≥8% 10-year riskwith age set
at 40 years regardless of age at entry. Similarly 3–7.99% 10-year riskwas
defined as moderate and b3% near average risk.

2.2.2. Cancer Verification
Breast cancers were confirmed from each centre using hospital pa-

thology reports. In addition a search was made in Dec 2017 on the Na-
tional Cancer Registry to ensure that all interval cancers were identified.

2.2.3. Statistical Methods
Comparison of tumour attributes between FH02 and POSH and be-

tween FH02 and FH01 was done using chi-squared tests. Projected
breast cancer deaths based on the tumour attributes in FH02 was com-
pared with that expected in the absence of screening using a similar
method as in FH01 [4], but simplified in that we select our comparison
group as those cancers in POSH diagnosed in women satisfying the
risk criteria of FH02. Thus, we estimated the projected relativemortality
as:

RR ¼ d1
d2

Where d1 is the predicted fatality rate from the Nottingham Prog-
nostic Index of the tumours in FH02, and d2 the corresponding rate for
the POSH cases in this age group meeting the FH02 risk criteria. This is
simpler than the formula used for FH01 as there is no necessity to adjust
for different risk status of the two populations.

The expected number of breast cancers overall and in risk categories
was obtained from the Tyrer-Cuzick model by summating each
woman's expected breast cancer risk cumulative hazard from study
entry mammogram to date of breast cancer diagnosis or 30/06/2016
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whichever was earlier (unless censored for death or risk reducing mas-
tectomy). Exact Poisson confidence intervals were calculated for inci-
dence rate and to compare the observed with expected number of
cancers. FH02 received research ethics approval in 2005 (MREC Refer-
ence No: 05/MRE02/67).

3. Results

3.1. Prospective Study

Thirty four UK centres recruited a total of 2899 women aged
35–39 years betweenDec 2006 andDec 2015. Thesewomen underwent
12,086 annual screening mammograms (9751 digital; 2335 analogue)
and were followed for a total of 13,365.8 years to time of censoring. A
total of 55 breast cancers (54 women) occurred during the study period
(one bilateral) including 12-month follow-up until Dec 2016 to allow
for potential interval cancers (cancer registration was checked in De-
cember 2017). Overall, 447 other women were withdrawn from the
screening aspect of the study:, 24 due to change of genetic risk status,
193 failed to attend andwere removed from local screening programme
4 had died (non-cancer), 40moved away, 100 became pregnant, and 22
women underwent risk reducing mastectomy during the study period
with two (9%) having occult breast cancers and 64 due tomiscellaneous
reasons.

Overall, approximately half of the women received their first ever
mammogram in FH02 (n=1410–2.1 per 1000women)with 1438 hav-
ing had previous mammography and 51 unknown. There were 3 prev-
alent cancers in the study (2.1 per 1000 women who had undergone
previous mammography).

Table 2 shows breast cancer incidence by Tyrer-Cuzick risk category
and prevalent/incident status, for all cancers and for those diagnosed up
to age 41. There were 34 incident cancers detected at screening mam-
mography (including two from a bilateral case) and 13 interval cancers
(11 with previous digital mammogram) as such 72% (34/47) of women
with post prevalent cancers were screen detected. Two of the interval
cancers were found at risk reducing mastectomy as a 17 mm grade 2
DCIS and a 3 mm grade 1 invasive cancer.

Four cancers occurred more than 18 months from the last screen in
women who had defaulted on screening and a further large cancer was
identified symptomatically in awoman consented to the studywhohad
Table 2
Breast cancer incidence by Tyrer-Cuzick 10-year risk category in FH02.

Tyrer-Cuzick
Risks age 40

High risk
8% + 10-year

Total years follow up 1447.4
Number of recruits 344
Breast cancers
Prevalent

1

Breast cancers post prevalent 13
Expected T-C 18.8
Rate per 1000a 9.0 (95%CI 5.2
Recall mammograms 90
Screen detected cancers 9
Ratio of recalls to screen detected cancers 10:1
Recalls per year of follow up 6.2%

Follow up to age 41 years only
Years follow up 1068.8
Number of recruits 344
Breast cancers
Prevalent

1

Breast cancers
Post prevalent

11

Expected T-C 12.5
Rate per 1000a 10.3 (95%CI 5.
Numbers to be screened for each screen detected cancer 35–40 years 31
Intervals 35–40 4

a Rates exclude prevalent cancers.
not received a baseline mammogram. These five cases were excluded
from the estimation of screening parameters and comparison with
POSH. Programme sensitivity is conservatively estimated as 34/(13
+ 34) = 72% (95% CI 59—85%). Mean sojourn time was estimated as
1.8 years and test sensitivity as 93% (95% CI 0.68–0.99).

Tumour pathology at diagnosis compared with POSH study partici-
pants without surveillance who had similar family history to FH01 and
FH02 diagnosed between 2000 and 2008 is shown in Table 3. The
FH02 invasive cancers were significantly smaller than the POSH symp-
tomatic controls (45% [131/293] ≤2 cm in POSH vs 80% [28/35] in
FH02; Table 3). POSH controls were significantly more likely to be
lymph node positive (54% [158/290, 3 unknown] in POSH vs 20% [7/
35] in FH02). Women had a higher rate of breast cancer mortality in
POSH than FH02 but a KaplanMeier analysis (Fig. 1) did not confirm sta-
tistical significance and statistical power was limited (log rank chi
square is 2.94, p = 0.086; HR 4.8 (95% CI 0.7–34.8). There was only
one death in FH02 at 2.78 years with overall follow up of
2.7–11.2 years (mean = 5.35 years). There were similar rates of DCIS
in prospective FH02 compared to retrospective FH02 and FH01
(Table 3).

3.1.1. Breast Cancer Incidence
The overall incidence including follow up to a maximum age of

49 years was 3.9 per 1000 excluding prevalent screen detected cancers
(Table 2). Restricting follow up to the 41st birthday allowing for inci-
dent cancers in the 41st year (if screened at 40 women would only
have a prevalent scan that year) incidence rates were a little below
the NICE threshold for 10-year risk in the moderate-risk group at 2.7
per 1000, but above in the high-risk categories (10.3). Using a 3% 10-
year threshold at entry for the moderate risk group this reduced the
number eligible to 1188 women (60% of total) with a rate of 3.3% from
10 breast cancers to age 41 years with 9.9 expected. Those 499
women with average risk had overall rates of only 2.3 per 1000 and
only 1.2 in the 35–40 age group. Overall, 47.5 breast cancers were ex-
pected using Tyrer-Cuzick with 52 occurring after prevalence (O/E
1.09, 95%CI 0.83–1.43).

3.1.2. Breast Biopsy and Recall
A total of 729/12086 mammograms (6%) resulted in a recall. The re-

call rate was 9.65% (278/2898) in first round and 4.9% (451/9188)
Moderate risk
3–7.9% 10-year

Average risk
b3% 10-year risk

Total

9220.0 2572.9 13,237.8
1977 499 2820
2 0 3

33 6 52
25 3.7 47.5

–15.5) 3.6 (95%CI 2.5–5.1) 2.3 (95%CI 1.0–5.2) 3.9 (95%CI 2.9–5.2)
481 142 713
25 3 37
19:1 47:1 19:1
5.2% 5.5% 5.4%

6197.3 1609.2 8875.3
1977 499 2820
2 0 3

17 2 30

14.8 1.9 29.2
7–18.6) 2.7 (95%CI 1.6–4.4) 1.2 (95%CI 0.2–4.9) 3.4 (95%CI 2.3–4.9)

95 322 85
6 1 11



Table 3
Breast cancers identified in the prospective FH02 study compared to the POSH study and retrospective FH02 and FH01.

Age at diagnosis POSH FHpos
Unscreened 35–40 (%)

FH01 40-49
Prospective (%)

Retrospective FH02 35–39+ (%) Prospective FH02 35–40 (%)

N 293 136 47 50
Years of diagnosis 2000–2008 2003–2010 1990–2008 2007–2016
Years follow up 1–12 years 0–7 years 1–12 years 0–9 years
Histology
Invasive (%) 293 (100%) 96 (74) 35 (74) 35 (70)
Grade 1 (% of invasive) 18 (6) 17 (19) 3 (8.6) 6 (17)
Grade 3 (% of invasive) 177 (60.5) 40 (45) 17 (48.6) 21 (60)
In-situ (%) 0 not included in POSH 34 (26) 12 (26) 15 (30)
Unknown 6 – 0
P value compared to prospective FH02 N/a as POSH only invasive
Size (in situ excluded) N = 293 N = 87 N = 35 N = 35

≤2 cm 138 (47) 61/87 (70) 25 (74) 28 (80)
2–4.9 cm 122 (41.5) 8 (23) 6 (18)
≥5 cm 23 (8) 1 (3) 1 (3)
Unknown 10 9 1 0
P value for ≤2 cm compared to prospective POSH P b 0.0001

Node involvement (in situ excluded) N = 293 N = 82 N = 35 N = 35
0 133 (45) 56 (68) 25 (77) 28 (80)
1–4 110 (38) 7 (23) 5 (15)
N4 48 (16) – 2 (6)
Not sampled/[not known] 3 (1) [14] 3 0

P value for LN0 compared to POSH P = 0.0002
Stage 1 of invasive 83 (28%) – 21 (60) 24 (68.5%)
P value POSH ref P b 0.0001
Status N = 289 N = 47 N = 49a

Alive (no metastasis) 204 (70) NK 43 (91) 49 (98)
Alive (with metastasis) 23 (8) 0 (0) 0
Died (of disease) 63 (21.5) 4 (9) 1 (2)
Died (other) 10 (3.5) 0 0
P value compared to POSH P = 0.0009

Annual incidence rate/1000 4.77 3.85

+Retrospective FH02 was a survey of previous screening in the same age range prior to the launch of FH02 [1]. P value by chi square testing.
a One case was bilateral at diagnosis.
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subsequently. Overall, therewere 191 breast biopsies (core or open) for
37 screen detected cancers, therefore 18.3% (35/191) of biopsies re-
sulted in a cancer diagnosis. Thus, there were 20 recalls per cancer
screen detected, 19 false positives per screen detected cancer, and 5 bi-
opsies per cancer screen detected.

3.1.3. Radiation Dose
Radiation dose was available from 25/34 centres, with values re-

corded for a total of 8585/12086 examinations (71%). The distribution
of dose values from two centreswas inconsistentwith real values, prob-
ably due to recording errors, and these were excluded from further
analysis. Of the remaining 8278, a subset of 4666 examinations were
Fig. 1. Breast cancer specific survival in invasive cases versus POSH Family history positive
cases.
of women in the age range 35–39 years. For this subset, themean breast
thickness was 54 mm and the meanMGD for a mixture of craniocaudal
andmediolateral oblique viewswas 1.5mGy. This dose is slightly lower
than the average values of 1.6 to 2.0mGy reported in the FH01 study [4].
It is consistent with the reported mean values of 2.0 mGy and 1.5 mGy
for analogue and digital mammography equipment respectively used
in the NHS Breast Screening Programme to screen women aged
47 years and older [25]. As expected, larger breasts received higher
doses and this variation was similar to that reported for the older age
group (Fig. 2). These results indicate that doses to women aged 35–39
in FH02 were comparable with those in the FH01 study and the NHS
Breast Screening Programme.

3.1.4. Genetic Testing
Systematic genetic testing was only carried out in the Manchester

cohort. Of 22 breast cancers 6 had a pathogenic BRCA1 variant, 4 in
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Fig. 2. Mean glandular dose per image as a function of breast thickness. FH02 refers to
women aged 35–39 years in the present study and BSP refers to published data for older
women in the NHS Breast Screening Programme [3]. Error bars show±2 standard errors.
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BRCA2with 11 having no pathogenic variant identified and one remain-
ing untested. Four BRCA1 carriers had been undergoing concurrent MRI
but three of the lesions were also detected at mammography and the
third was the 17mm DCIS found at risk reducing mastectomy. Only
19/854 (2.2%) in Manchester were known BRCA carriers at entry and
an additional 16 at some point after entry. Of 23 other centres that sub-
mitted BRCA1/2 data only 28/1593 (1.76%) were know pathogenic var-
iant carriers.

3.1.5. Projected Mortality
Of the breast cancer cases in POSH in the age group of FH02, 264 sat-

isfied the FH02 risk criteria. Using the NPI formula for ten year survival
as in FH01, we estimate that the FH02 cases will have 79% ten-year sur-
vival and the POSH cases will have 71% ten-year survival. Thus, we esti-
mate a relative mortality of 21/29 = 0.72, with a 95% CI of (0.49–1.07),
that is a 28% reduction in mortality associated with the surveillance ac-
tivity in FH02. The studywas not powered for this analysis, hence it does
not reach statistical significance. As a sensitivity analysis, assuming that
due to lead time, length bias etc. the hazard of death for the FH02 cases
is underestimated by 10%, this would give an expected 77% survival in
the FH02 cases, and a RR of 0.79, a 21% reduction in mortality.

4. Discussion

The present study shows that programme and test sensitivity (72%
and 93%) of mammography screening in women aged 35–39 years of
age at moderate and high-risk of breast cancer are similar to those in
women aged 40–49 years in the FH01 study [4]. The overall and
projected survival is substantially better than in comparable women
aged 35–40 in the POSH study who did not undergo screening [13].
Overall 10-year survival in POSH was 73·4% (67·4–78·5) for BRCA1/2
pathogenic variant carriers versus 70·1% (67·7–72·3) for BRCA nega-
tive women [13]. This is very similar to our projected 71% survival
from tumour characteristics. In contrast we estimate 10-year survival
in invasive cases from FH02 to be 77–79%. Assessing only the invasive
caseswill underestimate the potential for saving lives frommammogra-
phy screening.Whilst diagnosis of screen detected in situ disease is con-
sidered by many to be an ‘overdiagnosis’ this is very unlikely to be the
case in women under 50 years of age. Long-term follow-up after cessa-
tion of screening in women b50 showed no eventual excess of cancers
[26,27]. In particular most untreated high grade DCIS would relapse or
transform to high grade invasive disease within 10 years if left un-
treated [28] and the majority of our DCIS were high grade (61.5%-8/
13). Therefore successful identification of CIS in this age group is likely
to prevent further deaths from invasive disease.

There are, of course, legitimate concerns regarding radiation expo-
sure in youngwomen thatmight induce amalignancy thatmay not oth-
erwise occur. A meta-analysis revealed a non-significant increased risk
of breast cancer among women at high-risk of breast cancer exposed
to low-dose radiation OR = 1.3, (0.9–1.8) [29]. With exposure to a
mean of ≥5 exposures giving an OR = 1.8 (1.1–3.0). The authors con-
cluded that a careful approach was neededwhen using low-dose radia-
tion in women at high-risk of breast cancer.We recently presented data
showing no strong evidence for an increased risk in women receiving
≥5mammograms before 40 years of age [30].We have shown that radi-
ation exposure in FH02 is not higher in this young aged group ofwomen
than in older women in routine screening in the UK. It is also reassuring
that radiation doses are similar to older women in the UK national
screening programme [25], and we do not appear to be doing excessive
harm from overdiagnosis.

NICE guidelines in the UK currently recommend screeningmoderate
and high-risk women aged 40–49 years of agewith annualmammogra-
phy [5]. A case could now be made to extend this to those aged
35–39 years. NICE did carry out a health economic evaluation to confirm
that such screening aged 40–49 yearswith a 3% 10-year riskwas cost ef-
fective based on the results of FH01 [4]. A large proportion of women
who reach moderate risk because a single first degree relative
(mother/sister) has been diagnosed with breast cancer aged
b40 years, would not meet a 3% 10-year risk until just before age
40 years using Tyrer-Cuzick v.8. Nevertheless, a life saved in a 38 year
old would provide an extra 10 years of life expectancy compared to a
similar woman aged 48 years and thus with similar potential gains in
cure rates the cost effectiveness in 35–39 year olds may be met with a
lower rate threshold. Otherwise women could become eligible once
their 10-year risk reach 3% in the 35–39 year period, although this
may mean that sisters with different reproductive risk factors gain
entry to screening at different ages.

It could also be argued that testing all women atmoderate or greater
risk of breast cancer for BRCA1/2 pathogenic variants would have iden-
tified a large proportion of those who developed cancer in the 35–40
age group. TheManchester data suggest that perhaps half of the cancers
could have occurred in BRCA1/2 carriers. However, none of these were
from the moderate risk group. Currently only a small proportion of
women at NICE defined high risk are covered by the NHS National
Breast Screening Programme ‘Higher risk’MRI screening. As such open-
ing, mammography based screening to those at high and moderate risk
based on just NICE algorithmwould potentially benefit 3–4% of the pop-
ulationwith this rising to 10–18% if risk algorithms incorporatingmam-
mographic density and single nucleotide polymorphism polygenic risk
scores (SNP-PRS) were utilised [6,31]. These may identify over 40% of
the breast cancers in this age group if results can be replicated from
the older screened population [31]. Screening of a multigene panel in-
cluding high risk genes such as BRCA1 and BRCA2 will lift some
women into an MRI screening category, but even with a negative
BRCA1/2 test women with strong family histories still have high inci-
dence rates aged b50 years [32] Indeed testing of a SNP-PRS is likely
to provide a better risk stratification in the familial population than
panel testing [33].

There are some limitations to our study. The size is small, but was
deliberately powered to assess whether the screening performance
and sensitivity of the FH01 study could be replicated. Also, we have ob-
served results on cancers diagnosed, but no results on survival or mor-
tality, which instead was projected based on tumour attributes at
diagnosis. The primary aim was therefore met in this exploratory
studydespite there being fewer cancers than predicted although greater
numbers of cancers would be required to assess observed mortality.
Further follow-up for actual mortality is a target for the future. A
major strength is that the study involved 34 screening units showing
that results can be replicated across many sites.

In conclusion we have shown that mammography screening in
women at moderate and high risk of breast cancer aged 35–39 years
has high sensitivity and detects the majority of cancer at low stage
with good survival prospects. The Tyrer-Cuzick risk algorithm appears
to predict cancer risk accurately and could be used as a ‘gatekeeper’
for entry to early mammography.
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