Review Article

Review of radiological screening programmes for breast, lung and

pancreatic malignancy

Helena Barton', David Shatti’, Charlotte Anne Jones', Mathuri Sakthithasan', Will W. Loughborough’

'Bristol Royal Infirmary, University Hospitals Bristol NHS Foundation Trust, Bristol, UK; *North Bristol NHS Trust, Bristol, UK; 3Royal United

Hospital Bath NHS Foundation Trust, Bath, UK

Correspondence to: Will W. Loughborough. Royal United Hospital Bath NHS Foundation Trust, Bath, UK. Email: wloughborough84@googlemail.com.

Abstract: The premise of medical screening is to identify clinically occult disease, facilitating intervention
at an early stage with the intention of improving prognosis. Identifying solid organ malignancy before nodal
or distal metastases have occurred unanimously offers the best chance of successful radical treatment, thus
there is clearly a potential significant mortality benefit for successful oncological screening programmes.
However, the negative consequences of screening have to be considered, particularly the impact of
intervening in asymptomatic populations. Diagnostic radiology has an invaluable ability to non-invasively
detect disease and has developed an essential role in several oncological screening programmes with new
programmes emerging. These include the established mammography screening programme for breast
carcinoma, the emerging CT screening programme for lung carcinoma and a new proposed radiological
screening programme for pancreatic carcinoma. Results from published randomized controlled trials
analysing the benefits of radiological screening have been convoluted and conflicting. Cancer screening
remains a widely contested topic and it is a challenge for both radiologist and clinician to assess the risks and
benefits at both a population and individual patient level. In this article, we discuss radiological screening

and analyse the current literature on these programmes, with evaluation of recently published studies and

ongoing trials.
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Introduction

The principles of screening were first officially described in
a document produced by the World Health Organisation in
1968 (1). The authors, Wilson and Junger, described “the
object of screening for disease is to discover amongst the apparently
well those who are in fact suffering from disease” (1). Over the
past 50 years, multiple national and international screening
programmes have been established. 7able I lists all screening
programmes in the UK and America. Tuable 2 lists all
countries in the International Cancer Screening Network
with variable established screening programmes for cervical,
breast and colorectal malignancy. Diagnostic radiology,
given its invaluable ability to non-invasively detect disease,
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has developed an essential role in several screening
programmes and new programmes are emerging. Whilst
there is tremendous potential for radiological screening,
the limitations and negative consequences of intervening
in asymptomatic populations have to be considered. In the
original WHO document, the authors recognised potential
issues with screening such as the lack of a proven cure, cost
and inadequate knowledge of the principles and practice of
screening. This article analyses the literature on the benefits
and consequences of established radiological screening
programmes for breast and lung cancer and discusses an
emerging programme in screening for pancreatic cancer.

To systematically identify relevant trial and non-trial
evidence, literature searches were performed on the Medline
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Table 1 National screening programmes in UK and USA (2-6)
UK

Malignant
Cervical screening
Breast cancer screening
Bowel cancer screening

Non-malignant
Abdominal aortic aneurysm (AAA) screening
Diabetic eye screening

Antenatal
Fetal anomaly screening
Infectious diseases in pregnancy
New born and infant physical examination
New born blood spot
New born hearing
Sickle cell and thalassaemia

USA

Malignant
Breast cancer
Colorectal cancer and polyp screening
Cervical cancer
Uterine cancer—high-risk patients

Lung cancer—high-risk patients

database. Only studies published in the last 20 years
[1997-2017] were analysed. For breast cancer, search terms
included screening AND mammography AND breast AND
cancer. For lung cancer, search terms included screening
AND CT AND lung AND cancer. A small number of
studies have looked at pancreatic cancer screening which we
reviewed. Authors focussed on randomised controlled trial
(RCT) evidence where possible.

Benefits, limitations and risks of radiological
screening

Before reviewing specific screening programmes, it is
important to review generic benefits and limitations of
radiological screening. Some of the most successful screening
programmes rely on the invasive detection of malignant pre-
cursors. For example, cervical cancer screening relies on
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Table 2 International Cancer Screening Network, 33 country members
including (2-6)

Nationally implemented screening

Country programmes
Cervical Breast Colorectal

Australia ° ° °
Belgium - ° -
Canada ° ° -
Czech Republic ° ° °
Finland ° ° °
France - ° °
Germany - ° -
Greece - ° -
Hungary - ° °
Iceland ° ° -
Ireland - °

Israel - ° °
Italy ° ° —
Japan ° ° °
Korea ° ° °
Luxemburg - ° -
Netherlands ° °

New Zealand ° ° °
Norway ° ° -
Portugal ° ° -
Sweden - ° -
Switzerland - ° -
UK ° ° °
USA ° ° °

Source: ICSN website.

the early detection of intra-epithelial neoplasia and results
in the early treatment of premalignant cells and evidence
suggest this results in a reduction in invasive cancer cases.
For example, a study has shown that participation in the UK
cervical screening programme between the ages of 40-42
and 62-64 years reduces a woman’s risk of cervical cancer
by 64% and 82% respectively over the subsequent 5 to
8 years, compared to women of the same age who don’t
partake in the national screening programme (7). However,
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whilst there is evidence that some invasive screening
techniques reduce cancer mortality, their invasive nature
compared to minimally invasive techniques are less appealing
to the asymptomatic invitee thus may reduce participation
rates. Two recently published trials randomising bowel cancer
screening patients to either CT colonography (CTC) or
direct colonoscopy (8), or CTC or flexible sigmoidoscopy (9),
demonstrated a higher participation rate in CTC than
colonoscopy in both studies (34% wvs. 27% and 30% vs. 27%
respectively). Theoretically, radiological screening should
be less likely to cause complications than invasive screening
programmes and evidence suggests this is the case. Taking
colorectal cancer screening as an example, studies have
demonstrated colonic perforation to occur in 0.02% of
CTC cases (10) compared to 0.06% (11) in colonoscopy and
0.09% in flexible sigmoidoscopy (12,13). Perforations in
CTC cases are also less likely to require surgical intervention
than those occurring in colonoscopy [32% (10) vs. 78% (14)
respectively]. The potential mortality benefits from
radiological screening programmes are reviewed for each
tumour type in the subsequent sections.

Whilst radiological screening has demonstrated certain
clear benefits, there are several limitations. Firstly, false
positive results lead to unnecessary biopsies and resections
with potentially lengthy follow-up in addition to the anxiety
surrounding a “positive diagnosis”. Additionally, false
negative studies reassure patients who may then fail to seek
advice if they become symptomatic. Secondly, data can be
misleading in the form of lead time bias. Lead time bias is
the systematic error of apparent increased survival from
detecting disease in an early stage and must be considered
when analysing the success of screening programmes (15).
This is the theory that whilst detection rates may improve
with screening (therefore suggesting an improvement in
cancer survival rates), if screening predominantly detects
indolent disease, the effect on survival rates is biased.
Aggressive disease (by their fast-growing nature) may arise
in the years between routine screening and progress rapidly,
thus missing the opportunity for early detection/treatment
and biasing survival rates.

Whilst in theory these benefits and limitations could
be analysed in objective RCTs, a significant difficulty in
assessing trial evidence for screening programmes is that
there is no study endpoint as screening is an ongoing
process. Therefore, the degree of benefit has to be
estimated by statistical and epidemiological methods which
have created polarised discussion in academic radiology
communities (16). An additional issue with trial evidence is
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that outcome measures (primarily mortality benefit between
screened and non-screened arms) may not be apparent
until many years after the initiation of the study, by which
time there are multiple confounding factors. For example,
improvements in oncological treatment over time, which
may bias the mortality benefit of screening programmes
over a long follow-up period.

Breast cancer screening

Breast cancer has the highest incidence and mortality
amongst all cancers in women globally (17). There is
clearly significant potential on a global scale if screening
for breast cancer can reduce mortality. Mammography
breast cancer screening programmes have been around for
decades, introduced nationally in the UK for example in
1988. However, despite widespread implementation, there
has been significant debate as to the degree of the benefits
versus risks of mammography screening (16). For example,
quoted rates of overdiagnosis range from 1% (18) to 52%
(16,19). National Institute of Clinical Excellence (NICE) in
the UK describes a mixture of benefits and harms in breast
mammography screening and recognises it is impossible
to give accurate estimates of lives saved as estimates vary
widely (20). This is because there are conflicting opinions
about the quality of the studies, the methodology used and
whether benefits are outweighed by harms (20). The UK
government jointly commissioned a review in 2013 with
Cancer Research UK, led by a panel of independent experts (the
UK Independent Panel on Breast Cancer screening) (16,21)
and some of the conclusions of this are summarised below.
One of the issues with assessing evidence for breast cancer
screening is that the RCTs were conducted 20-30 years
ago, with more contemporary estimates of benefits coming
from observational studies with heterogenous designs (21).
The International Agency for Research on Cancer
published an advisory document in 2002 which pooled data
from six RCTs analysing the efficacy of mammography
screening. These trials randomised women within cohorts
aged between 40-74 to mammography or control (22).
The pooled data demonstrated that breast cancer mortality
was 496/100,000 person years in the screened group vs
549/100,000 person years in the control group (22). The
estimated relative risk from death from breast cancer
in screened vs unscreened groups was thus shown to be
0.75 (95% CI, 0.67-0.85) (22). This analysis was used by
the Advisory Committee for Breast Cancer Screening
recommendations in their NHS Breast Cancer screening
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publication in 2006 (23). They explained the results showed
a “25% reduction in mortality using an intention to treat
analysis”, extrapolated to a reduction of 35% in women who
are screened regularly. It was then estimated that 1,400
lives a year in the UK were saved with the NHS screening
programme, or a reduction in mortality from 8 to 5.2 per
1,000 women if screened over a ten year period (23).

More recently in 2013, the UK Independent Panel on
Breast Cancer Screening explained that the best evidence
for mortality reduction comes from 11 RCTs on breast
screening which estimate screening causes a relative 20%
reduction in mortality (21). However, the panel describes
certain issues with the evidence such as wide confidence
intervals (11-27%), potential distortion in the trial evidence
(e.g., suboptimal randomisation and adjudicating in the
causes of death) and relevance of older trials to current
practice (21). The panel felt more contemporaneous
observational studies findings were heterogenous in design
and findings, but generally results in the same direction as
the trials.

Pooled data from several Swedish randomized trials
(using some of the RCT data described previously)
calculated a 21% relative risk reduction in mortality from
screened over unscreened women over a fifteen year follow
up period and revealed that the relative benefit was most
significant in the 60-69-year-old age bracket (33%) (24).
However, absolute numbers of breast cancer deaths
were small; 511/1,864,770 in the screened groups over
584/1,688,440 in the control groups (24).

Estimates for absolute mortality benefit vary widely from
1 in 100 to 1 in 1,000 (21,25). Reasons for the variation
include the age of women screened and the variation in
screening/follow-up (21). The UK Independent Panel
on Breast Cancer Screening extrapolated the relative risk
reduction of 20% to the observed cumulative absolute
risk of breast cancer mortality over the ages of 55-79 and
estimated 1 breast cancer death prevented from every 235
women invited to screening and 1 life saved for every 180
women screened (21).

A study has reviewed data from the Surveillance,
Epidemiology, and End Results (SEER) programme
from 1975 through to 2012 to establish the success of
mammography screening (26). The study concluded
that since the introduction of screening, 162 extra small
cancers were observed per 100,000 women. However,
they estimated that only 30 of these 162 (19%) were
expected to become large, assuming the underlying disease
burden remained stable. Therefore, over 80% of early
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breast cancers are being over-diagnosed and they felt the
reduction in breast cancer mortality was primarily due
to improvements in treatment. The methodology of this
study has been disputed. Koplan argues that their estimated
incidence increase of 0.25% per year for invasive breast
cancer is a sizeable underestimate (27). Data collected from
the Connecticut Tumour Registry over a 40-year period
shows the incidence of invasive breast cancer has increased
by 1% per year since 1940. If this rate is used then the
incidence of invasive breast cancer in 2008 was actually lower
than what was expected by extrapolating (27). A Cochrane
review published in 2011 compared mammography with
no mammography screening (25). They estimated that for
every 2,000 women screened over a 10-year period, one life will
be saved but 10 women treated unnecessarily (25). However,
another study, in part using data from the Swedish trials
mentioned previously, concluded that between 2-2.5 lives
were saved per women over diagnosed (Dufty 2010) (18).

Whilst diagnosing more early-stage tumours should
theoretically reduce mortality, lead time bias is an important
consideration. Screening works on the presumption that all
early tumours lead to death, whereas some slow growing
tumours may never become clinically apparent during
a patient’s lifetime. Historically, breast cancer therapy is
based on the size of tumour and extent of spread, however,
tumour biological characteristics are now becoming more
relevant to prognosis (26). It is now felt that the biology
of a tumour is more important to prognosis than the size.
While there is a current focus on improving mammogram
resolution, should the future of breast screening take a
more biological approach? While overall survival rates
from breast cancer have improved since the introduction of
breast screening, a large proportion of this small-observed
decrease in mortality can potentially be attributed to the
advances in treatment (28). This argument is further
supported by a study which demonstrated that most of the
reduction in breast cancer-specific mortality is explained by
adjuvant therapy rather than screening mammography (29).
Furthermore, the act of screening itself is not without
morbidity—radiation exposure to the breast, pain and
anxiety are important considerations when intervening in
an asymptomatic population. There is limited evidence of a
small risk of increased radiation-induced breast cancer. For
example, a recent estimate is that screening women every
3 years from age 47-73 would cause 3-6 cancers per 10,000
women screened (30).

There is little evidence for the benefits of screening
mammography in younger women i.e., age 40-59, as
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Figure 1 Breast cancer now. Breast screening. Available at: http://breastcancernow.org/about-breast-cancer/want-to-know-about-breast-

cancer/breast-screening (accessed 8.5.18).

mammography is less sensitive in denser breast tissue.
Miller et al. found that there was a 22% overdiagnosis rate
in the 40-59 age group and there is level 1 evidence that
screening mammography in women aged 40-49 does not
reduce mortality (31,32).

The evidence for breast cancer mammography
screening is convoluted and conflicting. Whilst some
studies demonstrate a significant relative risk improvement
in screened vs. non-screened groups, the absolute
improvement in mortality from breast cancer may be very
small. Additionally, the emotional and physical burden
caused by over-diagnosis and false positive results in
asymptomatic women must be considered. For women aged
60-69, the evidence demonstrates more convincing benefits
of screening whereas the evidence for screening the 40-59
age group is poor. It is important women are informed of
both potential benefits and negative impact of participating
in breast screening programmes. Several organisations and
charities have tried to simplify the convoluted issues in the
form of diagrams, for example, this diagram comparing
screened and non-screened groups (Figure 1).

Lung cancer screening

Lung cancer remains a significant health burden and was
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the leading cause of cancer death in both males and females
in the UK in 2014 (33). With the success of screening
breast, colorectal and cervical cancer, evidence to support
a benefit of lung cancer screening has been long awaited.
Identifying early stage disease in cancer has the greatest
chance to improve patient survival and therefore a screening
programme for lung cancer must confer this benefit above
all others.

In 2014 the U.S. Preventative Services Task Force
(USPSTF) made a ground-breaking recommendation of
annual screening for lung cancer with low-dose computed
tomography (LDCT) in high-risk individuals (34).
The current UK stance is that screening should not be
offered (35). However, this is imminently due for review
pending results of several international trials.

Chest radiography (CXR) has been unsuccessful in
yielding an intervention effect in lung cancer diagnosis
or mortality (36). Since the 1990s there has been a shift
towards LDCT screening. The Mayo Clinic prospective
study screened annually over 5 years (37). Crucially, the
majority (61%) of cancers detected were stage I disease.
One of the common themes to emerge from this study was
the false-positive rates in the order of 92.4-96%. With such
a high degree, this invariably will generate patient anxiety
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with further radiation exposure and invasive procedures,
as well as raising issues around cost-effectiveness. As a
result of this 13 patients underwent surgery for benign
disease. Despite this, no difference in mortality rates was
seen when compared to the Mayo Lung Project (CXR and
sputum screening) arguing against a successful screening
tool (38).

The large prospective multi-national Early Lung Cancer
Action (ELCA) Project showed a higher early disease
detection: 85% of detected cancers were stage I with 91%
undergoing surgical resection (39). The false-positive rate
was much lower with approximately 12% of those screened
at baseline requiring further management and in total there
were 8% benign surgical interventions. However, Kaplan-
Meier survival showed a predicted 10-year survival of 88%
of stage I disease which appears significant compared to the
S-year survival of local disease with current detection and
management of 55% (40).

The largest study to date is the randomised American
National Lung Screening Trial (NLST) that recruited
53,454 individuals for LDCT at baseline and annually for
2 years with a median follow-up of 6.5 years (41). Of stage I
cancers 63% were picked up at screening baseline vs. 47.6%
in the CXR arm. 92.5% of the stage I cancers were treated
with surgery (+/- adjuvant therapy). Most ground-breaking
in this study, leading to the USPSTF recommendation, is
the conclusive reduction in lung cancer mortality by 20%
in screening high-risk individuals with a 6.7% reduction
in overall mortality. This calculates the number needed
to screen to prevent one cancer as 320 which compares
favorably with breast cancer screening in England,
estimated to be 400 (42). However, false positive rates
remain notable at 23.3% (compared to 6.5% in the control
arm). Moreover, 1.7% of those screened in the LDCT
group had an invasive procedure that did not have lung
cancer. The implications of this were assessed and of those
who did not have a diagnosis of lung cancer but underwent
an invasive diagnostic evaluation had a major complication
rate of 0.06% (including 6 deaths within 60 days of an
invasive diagnostic procedure) which the authors categorise
as a “rare” occurrence.

The UK Lung Cancer Screening single screen protocol
trial without interval screening has built on the NLST (43).
In total, 85.7% stage I/II disease was detected with 83%
having surgical intervention making this one of the
strongest early disease detectors. There was a low benign
surgical rate of 10.3% which the authors attribute to
volumetric based nodule management (NLST, for instance,
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used diameter measurement of 4 mm for nodule assessment;
little consensus is agreed on nodule assessment). The high
rate of surgical interventions is comparable to NLST and
ELCA. Similar results of lung cancer resectability have
been shown in the ITALUNG trial (annual screening for
4 years): 85% of screen-detected lung cancers were
amenable to surgical resection and this was associated with a
10% surgical resection rate for benign pathology in keeping
with previous levels (44).

LDCT with the aim of reducing mortality rates over
10 years is currently ongoing in the NELSON trial and a
subset analysis assessing screening interval has been carried
out (45). Mayo Clinic, ELCA and NLST used annual
interval screening in high-risk individuals but this raises the
issue of cost, feasibility and radiation exposure. Intervals of
1, 2 and 2.5 years have been assessed. In their latest sub-
analysis, a 2.5-year interval led to 60.9% stage I disease
detection. This was in comparison with 75.9% with 1 year
and 72.7% in the 2-year intervals. The authors noted an
increase in late-stage cancer that arose in the interval period
compared to the screening round: 64.3% wvs. 17.3%. This
increased interval therefore suggests the effect of screening is
reduced and crucially lessens the number of resectable cancers.

The results from the screening rounds from the RCT
Danish Lung Cancer Screening Trial provide an insight
into the effects of overdiagnosis (46). Annual LDCT picked
up significantly more early-stage lung cancers (stage I-1Ib)
compared to controls (70% vs. 33%), 37% excess early stage
cancers diagnosed. However, no difference in mortality rates
between groups has yet been demonstrated, contrasting
NLST results. It is possible, as the authors highlight, the
effect of screening may not be observed until several years
of follow-up (NLST followed up individuals for a median
of 6.5 years) with less incurable late-stage disease.

Early recall rates and false positive results are an
undesired but unavoidable effect of screening intervention.
Baseline screening in The German Lung Cancer Screening
Intervention Trial (LUSI) had a rate of false positives of
approximately 18% (47). However, early recall was vastly
reduced in annual repeat screening rounds 2-5% to 3-4%.
Baseline screening identified 73.9% of stage I cancers; by
round 5 this was 71.4%. No difference has been shown
in mortality for the first 2 years but from year 3 onwards
preliminary data suggests the cumulative all-cause mortality
is less than the control group which is in keeping with
NLST findings.

In conclusion, several large observational and randomised
trials have demonstrated that a significant number of early-
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stage disease can be detected with LDCT screening in high-
risk individuals, allowing higher radical surgical resection
rates, leading to increased disease-free survival. However,
this comes at a cost with high false positive findings,
surgical intervention for benign disease and only one
conclusive study demonstrating a mortality effect. This is
in addition to ionising radiation exposure with the potential
for radiation-induced malignancy, particularly for those
younger individuals in the screening cohort (the majority
of the trials screen from 50 years). It is not clear how long
individuals will need to be screened for if a programme is
active. At best a 2-year interval screening plan maintains a
reasonable detection rate but the associated pitfalls will be
costly. If the NLST mortality results are replicated a clear
benefit to lung cancer screening is likely.

Pancreatic cancer screening

Pancreatic ductal adenocarcinoma has a high mortality rate,
with a 5-year survival of less than 3%. The cancer is usually
clinically occult until it is at an advanced and unresectable
stage. There has been no established method of detecting
early disease and therefore mortality rates have remained
stable since the 1970s (48).

Risk factors for pancreatic cancer include lifestyle risks
such as smoking in addition to multiple genetic mutations
and syndromes such as BRCA2, p16, Peutz-Jeghers syndrome
and hereditary non-polyposis colorectal cancer (48).

Pancreatic cancer screening has been proposed in those
with genetic risk factors and deemed “high-risk”, with the
aim of detecting asymptomatic disease at an early, resectable
stage, hopefully reducing mortality rates. Tumour markers
in the form of serum cal9-9 are not accurate enough as an
isolated screening test due to low positive predictive values.
Therefore, radiological or endoscopic screening is the
only viable options, e.g., MRI with MRCP or endoscopic
ultrasound.

Del Chiaro et al. analysed short-term data for MRI
screening in 40 high-risk patients. Fourteen patients (35%)
were diagnosed with intra-ductal papillary mucinous
neoplasm (IPMN) of which 2 underwent surgery. Three
patients (8%) were diagnosed with ductal adenocarcinoma,
all of whom underwent surgery (49).

Poruk et 4. summarised seven pancreatic screening studies
and found 43 of 410 high-risk screening patients underwent
surgical resection of identified lesions, of which eight
cases were invasive pancreatic ductal adenocarcinoma (50).
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This highlights the problem with screening identifying
incidental lesions, e.g., intraductal papillary mucinous
neoplasms (IPMNs), which require additional invasive
treatment or expensive long-term follow-up, as the natural
history of these potentially premalignant lesions in high-
risk patients is unknown.

At present, the benefit of radiological screening for
pancreatic adenocarcinoma has not been proven. However,
there are hopes for the development of serum biochemical
markers with high sensitivity and specificity to detect
early-stage cancers, potentially before they are visible on
radiological imaging, which may have positive long-term
effects on morbidity and mortality from pancreatic cancer
in high-risk patients.

Conclusions

Since the publication of the WHO document in 1968,
multiple radiological screening programmes have been
established and multiple published studies have analysed
their efficacy. Whilst the evidence demonstrates the
varied success of these programmes, they share common
benefits and limitations. A clear attribute of radiological
screening is the ability to non-invasively detect clinically
occult disease. Attendance rates are likely to be higher
than invasive programmes and there will be a lower
complication rate; essential when considering intervening
in an asymptomatic population. However, in terms of a
diagnostic investigation for the underlying type and grade
of cancer, radiology will always be second best to the gold
standard diagnostic tool of histopathology. Radiology has
developed an excellent method of detecting loco-regional
and distal metastatic disease, but generally lacks the ability
to differentiate between high and low grade early stage
tumours. Therefore, radiological screening has the negative
consequence of intervening in false positive cases which
causes unnecessary mental and physical side effects for
patients. Future developments will almost certainly improve
the accuracy of radiology in this regard. Well-recognised
bodies such as NICE in the UK, recognise the convoluted
issues and heterogenous evidence behind radiological
screening. Ideally, these considerations should be concisely
summarized to patients prior to their acceptance in
screening programmes. Ultimately, the success of a
radiological screening programme in reducing mortality has
to be weighed against over-diagnosis in an asymptomatic
population leading to unnecessary intervention.
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