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Overdiagnosis in cancer screening reflects the detection of cancers that would not have
become clinically apparent if the person had not been screened. Diagnosis of cancer causes
anxiety, and treatment often causes physical harm. For individuals with overdiagnosed
cancer, these harms occur without any benefit. There are two major contributors to
overdiagnosis: indolent cancers and competing causes of death. In practice, there is a
spectrum of interaction between these two factors.

Explaining overdiagnosis to people considering whether to be screened is challenging.
People want to know what might happen to them if they undergo screening, or if they do not.
Here, we can derive a health communication strategy from an unlikely source: the 1998
romantic comedy “Sliding Doors” starring Gwyneth Paltrow. The movie portrays a scenario
whereby two possible outcomes in an individual’s life are compared, following two parallel
story lines depending on whether the lead character catches or misses an underground train.
In the storyline where she boards the train, she discovers her boyfriend’s infidelity, but in the
counterfactual storyline she remains unaware.

Consider a sequel to the film in which the same cinematic gimmick causes the character to
attend a low-dose CT lung screening appointment in one storyline, but not the other. In the
screening thread, her scan reveals a pure ground glass nodule which is resected and
classified as a minimally invasive adenocarcinoma. The non-screened character continues
life unaware of this abnormality. Fast-forward a few years, and both continue to lead healthy
lives, with one perceiving that screening has saved her life. This would constitute
overdiagnosis due to indolent disease.

Long-term follow-up after screening ends is necessary to accurately quantify overdiagnosis
in a randomised trial. The initial estimate of overdiagnosis in the National Lung Screening
Trial,! with mean of 4.5 years follow-up from the last screen, estimated that 18.5% of
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screen-detected cancers were overdiagnosed.? However, with longer follow-up of
approximately 9 years after the last screen, this proportion fell to only 3%.3 Results from the
NELSON trial were similar, estimating 19.7% overdiagnosis at 4.5 years after the final
screening round, and 8.9% at 5.5 years.# Modelling studies are needed to estimate the
magnitude of overdiagnosis at the population level, accounting for changes in lung cancer
risk and screening eligibility over time.> They can also be used to estimate overdiagnosis in
clinical trials when post-screening follow-up is short.®

Does the long-term NLST result mean that real-world lung cancer screening is only
minimally affected by overdiagnosis? Unfortunately, the answer may well be no, due to the
second contributor to overdiagnosis: competing causes of death. Unlike other screening
programmes, LDCT screening is targeted to those at highest risk of lung cancer, largely
defined by age and smoking history. However, these individuals also have high risk for other
causes of death, particularly cardio-respiratory comorbidities. This effect might be
exacerbated by the use of lung cancer risk models to define eligibility for screening.’

Returning to possible story-lines for “Sliding Doors: The Sequel,” consider instead a
scenario where the lead character is screened and diagnosed with a TIbN1MO
adenocarcinoma. She undergoes lung resection and adjuvant chemotherapy, but
unfortunately suffers an unrelated myocardial infarction a year later and dies. The
unscreened counterpart suffers the same fate, and has metastatic lung cancer diagnosed post-
mortem. This is clearly biologically aggressive disease, but here overdiagnosis was caused
by a competing cause of death.

In the NLST, 80% of control arm participants remained alive after 12 years of follow-up,
and ‘healthy volunteer’ effects were documented.38 A comparison of outcomes in patients
with stage | non-small cell lung cancer (NSCLC) detected by screening in the NLST versus
those diagnosed in routine clinical practice in a Surveillance, Epidemiology, and End Results
(SEER)-Medicare dataset showed that 5-year all-cause survival (but not 5-year cancer-
specific survival) was significantly worse in the SEER versus NLST group, especially in
patients with greater comorbidities.® Another recent study comparing screening participants
between a US urban academic hospital and the NLST demonstrated that the ‘real-world’
participants were older and had more comorbidities, with 2-3 times higher rates of asthma,
COPD, diabetes, heart disease and hypertension than in the NLST.10 These comorbidities
increase the likelihood that treatment of biologically aggressive early lung cancer will not
prevent lung cancer death because the patient will die of another disease before the lung
cancer progresses.

Additional indicators of comorbidity in a screening population are the investigation and
treatment of screen-detected cancers. Non-surgical treatment of patients with early-stage
screen-detected lung cancers usually reflects comorbidity that precludes surgery. Similarly,
treatment without pathological confirmation of cancer suggests that the patient wasn’t fit
enough for surgery or percutaneous biopsy (for example, due to emphysema). The NLST
showed 99% pathological confirmation of screen-detected lung cancer and 91% surgical
resection for patients with stage /Il cancer. The ‘real-world’ Manchester Lung Health
Check screening programme showed lower rates, specifically 87% pathological confirmation
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and 65% surgery for early-stage disease.1:12 In a screening programme in Gateshead,
pathological confirmation occurred in 79%, and only 3 (25%) of 12 patients with early-stage
disease had surgery.13

It is therefore possible that some of the participants diagnosed with screen-detected lung
cancer in real-world studies would not have lived long enough for their cancer to present if
they had not been screened, and thus were overdiagnosed. Even for participants for whom
lung cancer screening did extend life, comorbidities will likely attenuate their individual life-
years gained, which will decrease the cost-effectiveness of screening. The 5-year survival of
those patients with stage | disease treated with radiation (and not surgery) in the SEER-
Medicare database referenced above was only 25%.°

What therefore is the solution? The bluntest tool to address this issue is the upper age limit
of screening. The US Preventive Services Task Force recommends screening up to 80 years,
14 but reducing the age-to-stop screening could reduce the likelihood of overdiagnosis due to
competing comorbidity. The downside is that healthy older patients miss out on the benefits
that lung screening might afford them. Another potential approach is to define a frail
population who may experience net harm from screening and exclude them from the
invitation process (e.g. using tools such as the Electronic Frailty Index1®). Most recently,
novel risk prediction tools have been proposed to choose individuals for screening based on
how many life-years they are predicted to gain on an individual basis.16

A comprehensive review on incorporating comorbidities into lung screening decisions was
provided by an American Thoracic Society Research Statement published in 2018.17 The
review highlighted a need to identify the best method to quantify the burden of
comorbidities among people considering lung screening, and to define what types of
information to include in models of competing mortality. Clearly, research is needed not
only to quantify comorbidities and competing risks, but also to quantify how these interact
with individualized lung screening benefit and patient preferences. Both prospective studies
and retrospective analyses are needed to evaluate the tools that have been proposed. In due
course, information about comorbidity will need to be incorporated into resources aimed to
facilitate shared decision making such as shouldiscreen.com.18 However, one important
concern about these approaches is their potential to exacerbate existing disparities between
socioeconomic or ethnic groups.

Overdiagnosis is a complex phenomenon that can only be understood in a population. Long-
term follow-up of the National Lung Screening Trial showed very low levels of
overdiagnosis, but these estimates may not apply to the ‘real world’ if the people recruited to
screening differ from those in the trials. As implementation of lung screening proceeds,
many studies have aimed to refine estimation of lung cancer risk to maximise the number of
lung cancers detected by screening. However, there is a parallel need to define who not to
screen, with the goal of minimising overdiagnosis to find an optimal balance of benefits and
harms.
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