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Abstract

“Screening” is a search for preclinical, asymptomatic disease, including cancer. Widespread 

cancer screening has led to large increases in early-stage cancers and pre-cancers. Ubiquitous 

public messages emphasize the potential benefits to screening for these lesions based on the 

underlying assumption that treating cancer at early stages before spread to other organs should 

make it easier to treat and cure, using more tolerable interventions. The intuition is so strong 

that public campaigns are sometimes launched without conducting definitive trials directly 

comparing screening to usual care. An effective cancer screening test should not only increase 

the incidence of early-stage preclinical disease but should also decrease the incidence of advanced 

and metastatic cancer, as well as a subsequent decrease in cancer-related mortality. Otherwise, 

screening efforts may be uncovering a reservoir of non-progressive and very slowly progressive 

lesions that were not destined to cause symptoms or suffering during the person’s remaining 

natural lifespan: a phenomenon known as “overdiagnosis.” We provide here a qualitative review of 

cancer overdiagnosis and discuss specific examples due to extensive population-based screening, 

including neuroblastoma, prostate cancer, thyroid cancer, lung cancer, melanoma, and breast 

cancer. The harms of unnecessary diagnosis and cancer therapy call for a balanced presentation 

to people considering undergoing screening, even with a test of accepted benefit, with a goal of 

informed decision-making. We also discuss proposed strategies to mitigate the adverse sequelae of 

overdiagnosis.
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1. Screening, a potential benefit with a serious downside: overdiagnosis

1.1. Definitions

Cancer screening is a search for cancer before any symptoms appear. The underlying 

presumption is that discovering a cancer when it is so small that it is not manifest by 

any obvious signs or symptoms should make it easier to treat and cure with more tolerable 

interventions. At a public health level, screening for specific tumor types, especially those 

with the highest incidence, has become widely emphasized and promoted. At least in theory, 

any screening test that affords earlier detection would almost certainly improve the balance 

of benefits and harms of cancer management.(1, 2) In practice that is true for some cancer 

screening tests, but not others. With the emphasis on increasingly sensitive screening tests, 

it has become evident that they are capable of detecting very slow-growing “cancers” that 

would never have harmed the person or come to clinical attention during the person’s natural 

lifespan had it not been for the screening test. That is an understudied and underappreciated 

phenomenon known as “overdiagnosis”, the subject of this paper.

Recently, the U.S. National Library of Medicine (NLM) has added the term “overdiagnosis” 

to its list of medical subject headings (MeSH), defining it as “the labeling of a person 

with a disease or abnormal condition that would not have caused the person harm if 

left undiscovered, creating new diagnoses by medicalizing ordinary life experiences, or 

expanding existing diagnoses by lowering thresholds or widening criteria without evidence 

of improved outcomes. Individuals derive no clinical benefit from overdiagnosis, although 

they may experience physical, psychological, or financial harm.”(3) This addition enhances 

the ability to perform systematic literature searches of overdiagnosis.

It’s easy to see why cancer overdiagnosis could change the balance of benefits and 

harms of a screening test applied to asymptomatic healthy people. It would produce 

overmedicalization leading to overtreatment and diagnosis “creep”, i.e. shifting thresholds 

for labeling individuals as sick, even in the absence of symptoms.(4–6) In addition 

to the physical discomfort from unnecessary treatments, the psychological burden from 

the knowledge of “having cancer”, being labeled a “patient”, with the accompanying 

socioeconomic ramifications and financial burden, both personal and societal, for the patient 

all contribute to the harms of overdiagnosis.(3) These overdiagnosis sequelae are in addition 

to any harms, discomforts and inconvenience of the screening tests themselves. Importantly, 

overdiagnosis differs from misdiagnosis in that the former is considered a true-positive, 

revealing lesions that a pathologist consensus would label as cancer or pre-cancer.(2, 7)

1.2. Requirements for overdiagnosis

1.2.1. Reservoir of subclinical disease/cancer—The absence of symptoms in the 

context of screen-detected disease implies that there exist subclinical, i.e., occult, lesions 

in the tissue interrogated, that histologically conform to the definition of “cancer” or 
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“malignancy”, or pre-cancer. Their discovery usually triggers treatment. They are subclinical 

because they are small and organ confined: the very characteristics that make surgical 

resection so appealing. Although many screen-detected cancers have lethal potential, many 

others progress very slowly or are not progressive at all. Histopathology of a formalin-fixed 

biopsy is merely a snapshot in time, without revealing the dynamic behavior or growth 

potential of a subclinical lesion.(1) If their discovery by screening is actually to confer 

clinical benefit, their removal or other treatment should pull late-stage life-threatening 

cancers out of the future into the present as early-stage cancers which are more treatable.(8) 

This process should, in time, at a population level, be reflected in a decline in late-stage 

cancers and cancer deaths in an amount that is equivalent to the increased incidence of 

screen-detected early-stage cancers. However, such a shift may be sufficient, but it is not 

absolutely necessary for screening to confer clinical benefit. A decrease in interval cancers, 

which develop so fast that they elude screening and emerge between screens, should also 

occur when more sensitive, effective tests are introduced.(9) A common intuition is that 

any lesion labeled by a pathologist as “cancer” or “pre-cancer” would have progressed if 

undiscovered. This is part of the reason why cancer has achieved its fearsome reputation as 

the “emperor of all maladies.”(10) However, clinical trials have shown that progression of 

subclinical lesions is highly variable; it is influenced by cancer site, and underlying biology.

(11, 12) Unfortunately, the incidence of late-stage cancers has not been shown to decrease in 

association with a number of commonly used screening tests, making it difficult to attribute 

mortality trends to screening, especially in the setting of undeniable improvements in 

systemic therapies for late-stages of disease. Nevertheless, technical advances in screening 

modalities may further contribute to overdiagnosis by enhancing sensitivity, and thereby 

exacerbating the discovery of lesions that lack the potential to cause harm.(13)

1.2.2. Screening that dips into the reservoir of subclinical lesions—A key 

requirement for overdiagnosis is the existence of a substantial reservoir of such subclinical, 

or occult, disease, sometimes referred to in the older literature as “pseudodisease”.(4, 11) 

In the absence of an intentional search, these occult lesions would elude detection. The size 

and natural history of the latent reservoir of subclinical lesions will influence the balance 

between the benefits and harms of a given screening test. Slower growing lesions are present 

for a longer period of time and are therefore more likely to be discovered by screening 

(Fig. 1A). This factor enriches screen-detected cancers with more indolent tumors, while 

those appearing between screens, “interval” lesions missed by screening, tend to be more 

aggressive and faster growing. This phenomenon is known as “length-biased sampling” or 

“length-time bias”. An extreme form of length-biased sampling is overdiagnosis, which 

occurs in very slow growing and non-progressive tumors (Fig. 1).(8, 13, 14) Another 

contributor to overdiagnosis occurs if a screening test introduces a lengthy lead time 

between detectability and symptomatic clinical disease. In such cases, patients may die 

of unrelated causes during the lead time because of competing causes of death, often 

age-related.

Evidence supporting a large reservoir of subclinical invasive as well as noninvasive disease 

in the general population comes from autopsy studies involving prostate, breast, and 

thyroid cancer.(11) In addition, some screen-detected progressive cancers can contribute 
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to overdiagnosis if the patient has co-morbidities or medical conditions that would cause 

death before any benefit from screening has time to emerge.(15) Since cancer is primarily 

a disease of aging, the risk of cancer overdiagnosis can therefore increase as patients 

accumulate competing causes of age-related death.(16) For all of these reasons, the amount 

of cancer overdiagnosis is likely to vary from country to country, depending on the 

prevalence of screening, age structure of the population, and frequency of other medical 

conditions. At the population level, overdiagnosis produces a large increase in cancer 

incidence without concomitant reduction in mortality, as shown in Fig. 2.(17)

1.2.3. Other set-ups for overdiagnosis—The incidental discovery of non-targeted 

tumors during screening or diagnostic workups for other conditions can be a special source 

of overdiagnosis. These tumors are called incidentalomas. The original exam is unrelated 

to the incidentally discovered lesion.(18–27) Much of the incidentaloma literature focuses 

on endocrine organs (e.g., adrenal, parathyroid, pituitary, thyroid glands) but also kidney 

and lung lesions. Generally, the revelatory technology involves imaging, although even 

simple physical examination can be implicated, as in the palpation of thyroid nodules 

during a routine check-up. The anxiety and harms of incidentalomas may be similar to 

those of classic overdiagnosis.(20, 21) A healthy individual has been turned into a patient 

encumbered now by all the psychological, physical, and financial toxicities associated with 

disease, often with unclear benefit.

2. Overdiagnosis detected on screening of specific cancer types

2.1. Neuroblastoma

The prototypic example of overdiagnosis is neuroblastoma. Usually appearing as a mass in 

the neck, chest, abdomen or pelvis of an infant or toddler, neuroblastoma can be deadly.(28) 

The fear associated with this ominous prognosis in an infant encouraged the use of screening 

to detect early-stage tumors. Screening was deceptively simple, involving collection of 

urine in which catecholamine metabolites produced by the cancer (vanillylmandelic and 

homovanillic acid) were detectable. Together, these attributes led to routine inclusion of 

catecholamine screening of infants in Japan, and a consequent increase in neuroblastoma 

incidence without a concomitant decrease in mortality (Fig. 3A).(29) Screen-detected 

cancers, even those that are not advanced, are treated aggressively involving surgery and 

chemotherapy.(28) Absence of mortality reduction with screening was also documented in 

pragmatic trials in Canada and Germany.(30–32) These observations are strongly suggestive 

of overdiagnosis due to widespread screening.(7, 29) Population-based screening was 

therefore terminated in Japan, with rapid reduction in neuroblastoma incidence and no 

increase in mortality (Fig. 3B).(33, 34)

2.2. Thyroid cancer

Routine thyroid palpation as part of standard physical examination frequently reveals 

nodules: up to 21% of thyroid nodules are discovered by palpation,(35) further increased 

by neck ultrasound screening for thyroid cancer.(36, 37) This activity has led to an epidemic 

of thyroid cancers,(38, 39) largely confined to the slowest-growing papillary histotype, 

which comprise up to 87% of the increase.(38) In a classic demonstration of overdiagnosis, 
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thyroid cancer-specific mortality was virtually unchanged (Fig. 2).(17, 38, 40) But there are 

clear harms, including unnecessary surgery that can lead to inadvertent parathyroid removal 

(hypoparathyroidism) and recurrent laryngeal nerve injury (permanent hoarseness).(41, 42) 

Imaging encompassing the thyroid region, although directed to non-thyroid conditions, may 

also result in thyroid cancer overdiagnosis, a classic case of incidentalomas.(22)

2.3. Prostate cancer

Following widespread introduction of PSA screening in the 1980s, the incidence of prostate 

cancer rose dramatically in the US.(1, 43) The increase resulted from screening-based 

detection of a huge reservoir of latent disease that men harbor as they age. Autopsy studies 

in men who died of causes unrelated to prostate cancer and cystoprostatectomy specimens 

have documented age-associated prevalence of subclinical prostate cancer in most elderly 

men.(44–46) These observations, combined with the rising incidence of low-risk tumors, 

strongly suggest that much of screen-detected prostate cancer is indolent and would likely 

never have affected the health or life-span of the individual.(4)

Among 76,693 men in the Prostate, Lung, Colon and Ovarian Cancer Screening Trial 

(PLCO), follow-up at 7 and 13 years showed a 22% and 12% relative increase in prostate 

cancer incidence, respectively, with screening versus usual care.(47, 48) Yet, prostate-cancer 

mortality did not differ between the arms at either follow-up. In contrast, the European 

Study of Screening for Prostate Cancer (ERSPC) trial randomizing 162,387 men to 

screening every four years or usual care showed a reduction in prostate cancer death: RR = 

0.80 (P = 0.04) and RR = 0.79 (P = 0.0001) at 9 and 11 years, respectively, with screening 

versus control.(49, 50) In counterbalance to these benefits there was an approximately 50% 

higher cumulative incidence of prostate cancer at about 11 years in the men assigned to 

screening compared to control.(50) This suggests harms associated with overdiagnosis that 

should be weighed against reported benefits. And this demonstrates that screening may be 

associated with both the benefit of cancer mortality reduction and harm from overdiagnosis.

Influenced by evidence for screening-related prostate cancer overdiagnosis, in 2012 the 

US Preventive Services Task Force (USPSTF) recommended against routine screening for 

prostate cancer.(51) A modified recommendation in 2018 states that “men aged 55 to 69 

years make an individual decision about whether to be screened after a conversation with 

their clinician about the potential benefits and harms.” For men ≥ 70 years the benefits do 

not outweigh the harms (incontinence, impotence, pain from surgery/radiation), in part due 

to the harms of overdiagnosis.(52)

2.4. Lung cancer

Lung cancer screening trials usually target individuals at elevated risk of cancer due 

to prior cigarette smoking history. In the Mayo Lung Project, lung cancer mortality 

in 9,211 male cigarette smokers was similar with standard chest X-rays (CXRs) plus 

sputum cytology versus usual care.(53) A persistent excess of cases (exclusively early-

stage tumors) was observed with screening versus usual care without a reduction in 

late-stage disease: 583 versus 500, suggesting overdiagnosis. CXR technology, the lung-

cancer screen in PLCO, again showed no reduction in lung cancer mortality versus usual 

Dunn et al. Page 5

J Natl Cancer Cent. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



care.(54, 55) The US National Cancer Institute’s (NCI) National Lung Screening Trial 

(NLST) randomized 53,454 heavy smokers to three annual screenings with low dose/helical 

computed tomography (LDCT) (26,722) versus single-view posteroanterior CXR (26,732). 

A 20% relative reduction in lung-cancer mortality with LDCT compared to radiography 

was initially observed.(56) Analysis at 6.4 years follow-up suggested that over 18% of all 

lung cancers detected by LDCT were potentially overdiagnosed.(57) However, at 11.3 years 

median follow-up, 1,701 lung cancers were diagnosed with LDCT and 1,681 with CXR: 

RR = 1.01 (95% CI: 0.95, 1.09). This illustrates the importance of sufficient follow-up. 

Lung cancer deaths evaluated at a median 12.3-year follow-up, were 1,147 and 1,236 in the 

LDCT and CXR arms, respectively (RR = 0.92, 95% CI: 0.85, 1.00).(58) Bronchoalveolar 

carcinomas (BACs) represented most cases of LDCT-associated overdiagnosis,(15, 59) 

reinforcing the notion that a subset of subclinical lung lesions exists that contains indolent, 

though invasive-appearing, cancers as well as premalignant in situ lesions. As with prostate 

cancer, small lung nodules found at autopsy in people who died of unrelated causes support 

the existence of such a reservoir.(60)

Not all lung cancer screening programs have been restricted to cigarette smokers, and 

overdiagnosis may be particularly common in Asian female non-smokers who are not 

at high risk for cancer. A population-based ecological cohort study of LDCT screening 

among women using the Taiwan Cancer Registry (less than 5% smoking prevalence), 

demonstrated from 2004 to 2013 more than a six-fold increase in early-stage cancer (from 

2.3 to 14.4/100,000; absolute difference, 12.1/100,000). However, the incidence of late-stage 

cancers did not decline concomitantly (18.7 to 19.3/100,000; absolute difference, 0.6) with 

the rise in early-stage cancers in this time period, and mortality remained stable despite 

a 5-year survival that doubled (18% to 40%), suggesting that all the additional cancers 

represent lung cancer overdiagnosis.(61) The authors therefore highlighted the critical need 

for further study of screening in Asian women. One such trial is ongoing in China.

2.5. Breast cancer

Screening mammography among women ≥ 40 years old increased rapidly from the 1980s 

through the early 1990s (Fig. 4).(11) This was paralleled by an increase in incidence of 

early-stage breast cancers, with a much smaller decrease in late-stage cancers and virtually 

no change in metastatic disease, suggesting a trend dominated by overdiagnosis rather than 

a true stage shift.(62) Based on the US Surveillance Epidemiology and End Results (SEER) 

data 1976–2008, which includes the transition from the era preceding to that following 

institution of mammographic screening, among women ≥ 40 years a doubling of early-stage 

breast cancer cases was detected each year (112 to 234 cases per 100,000 women). A 

concomitant reduction in the rate of late-stage breast cancer was merely 8%. This yielded 

an estimate by the authors that breast cancer was overdiagnosed in over 70,000 women, 

constituting 31% of all breast cancers diagnosed.(62) Another SEER-based study showed 

that following introduction of screening mammography, the percentage of small tumors 

(< 2 cm invasive or in situ) increased from 36% to 68%. Of note, progression rates of 

ductal carcinoma in situ (DCIS) vary by histologic grade, with higher progression rates 

associated with high-grade DCIS, although assignment of grade can be subjective. Breast 

cancer mortality declined but this was attributed largely to improved systemic therapy.(63) 
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The effect of the introduction of 3D mammography, with its partial replacement of 2D 

mammography, has not yet been definitively determined.

A report of harms associated with breast cancer screening in 29 studies showed 

overdiagnosis ranging widely, from 0% to 54%, although in randomized trials the range 

was from 11% to 22%.(62, 64–67) This wide variation in range of overdiagnosis estimates 

and difference in range size between study types has been attributed to the type of data used. 

Whereas no study based on individual data has yielded an estimate greater than 17%, studies 

based on aggregated data tended to yield estimates higher than 40%, a difference considered 

too systematic to be a random observation. Use of aggregated data has been shown to come 

with biases that can lead to overdiagnosis.(66) So-called “lead time-adjusted” statistical 

models tend to produce estimates in the lower end of this range, while population trend-

derived estimates are at the higher end. Although most published statistical models do not 

incorporate the possibility of a subset of non-progressive tumors, a recent publication has 

done so, estimating that 1 in 7 cases of screen-detected breast cancer is overdiagnosed.(68) 

In a population of women aged 50 to 74 years (median 56; interquartile range 52–64), 

among the 15.4% of screen-detected cancers estimated to be overdiagnosed, 6.1% were due 

to detection of indolent preclinical cancer and 9.3% to detection of progressive preclinical 

cancer in women who would have died of an unrelated cause prior to clinical breast cancer 

diagnosis.

Reported rates of overdiagnosis also vary by choice of denominator, each of which 

carries different implications. The use of the entire screening eligible population provides 

information about the national burden of overdiagnosis. The use of women in a screening 

program as the denominator conveys the additional burden of overdiagnosis associated with 

the offer of screening within an organized context. Restriction of the denominator to women 

who have actually been screened provides evidence of the burden of overdiagnosis for 

women who have chosen to be screened.

2.6. Melanoma

Large increases in cutaneous melanoma (but not other types of melanoma) incidence 

have occurred over recent decades, almost tripling during the 30 years from 1975 to 

2005 according to SEER data.(11, 69) Much like thyroid cancer, cutaneous melanoma 

screening is not traditionally dependent on a high-technology intervention, relying mainly 

on a “naked eye” visual exam.(70) However, use of dermoscopy in experienced hands 

may improve the specificity of diagnosis, with unknown effect on overdiagnosis. Screening 

trends, reflected by increased skin biopsy rates, have been stimulated by international public 

health campaigns, particularly in regions with extensive sun exposure, despite the absence 

of supporting evidence from randomized clinical trials.(71, 72) Furthermore, pathologic 

criteria for diagnosing melanoma were modified in the 1970s and 1980s, and stage migration 

following introduction of sentinel lymph node biopsies might potentially be responsible 

for some stage drift.(73, 74) Population trends show the classic pattern of overdiagnosis: 

predominance of early-stage and in situ cancers among the rising number of cases with little 

or no change in more advanced disease or in mortality (Fig. 2).(73, 75–77) Studies in East 
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Anglia, England and in Australia also documented increasing melanoma incidence that was 

associated with overdiagnosis.(78–80)

3. Mitigating overdiagnosis: How we can limit its harms

3.1. Less screening and more focus on high-risk populations

Identification of a population with elevated risk of progressive cancers may mitigate the 

proportion of screen-detected cancers that are overdiagnosed.(1) Most population-based 

screening programs attempt this, as for example, by using age thresholds for screening 

cancers that are more common in older individuals (e.g. colon cancer, prostate cancer, 

breast cancer, etc.). Other eligibility criteria for screening may include environmental, 

occupational, and iatrogenic exposures. Candidates for lung cancer screening, for example, 

may include individuals with current and prior tobacco smoking habits. But overall, current 

tools to assign risk are crude. There is, therefore, a long way to go in refining this strategy.

3.2. Addressing public over-enthusiasm about screening

The potential benefits of cancer screening are intuitive to patients as well as medical 

professionals. Public health messages in the US encouraging early detection go back 

to the early 1900s, leading ultimately to formation of the precursor organization to the 

American Cancer Society.(81) And the health messages have been very effective. In fact, 

a national survey conducted from 2001 to 2002 revealed that 87% of US adults believed 

routine cancer screening to be nearly always a good idea and 74% believed that finding 

cancer early saves lives most or all the time.(82) A prominent strategy has been to foster 

a feeling of vulnerability to cancer followed by an offer of hope.(83, 84) A system 

without negative feedback ensues. Reassurance from a negative screen or gratification from 

“early”, presumably “curable”, cancer discovery in a positive screen encourage uncritical 

acceptance of screening.(5, 85) In fact, evidence-based guidelines, such as those presented 

by the USPSTF, are widely resisted by patients as well as physicians, some of whom 

consider them counterintuitive and reject them even when the possibility of overdiagnosis 

and attendant harms are explicitly listed.(8) In fact, although women surveyed generally 

expressed knowledge of false positives with screening mammography, far fewer were aware 

of overdiagnosis and the fact that screening can detect cancers that may never progress 

(Table 1).(86, 87) Women are more aware of the benefits of mammography than the harms.

A more nuanced and balanced approach to public messaging as well as education about 

the existence of overdiagnosis is warranted. There is plenty of room for improvement. In 

an analysis of media coverage of cancer screening, headlines rarely mentioned concepts of 

“low-risk”, “overdiagnosis” or “overtreatment” even when the full text content mentioned 

them.(88) A survey of Australian journalists (primarily specializing in health topics) showed 

that while they were aware of the term overdiagnosis, they found the concept challenging 

to understand and to communicate, given the prevailing beliefs in the benefits of early 

detection.(89) Overall, their knowledge of the harms of overdiagnosis was limited. Early 

qualitative evidence suggests that interventions to improve journalists’ understanding of 

medical research using a Tip Sheet is feasible. (90)
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3.3. Revised terminology

In a 2012 US NCI meeting, a group of experts discussed strategies to mitigate the harms 

of overdiagnosis and overtreatment.(91) One issue addressed the severe psychological stress 

that comes with the label “cancer patient”.(83) The fact that a large percentage of DCIS, 

for example, is unlikely to progress to invasive cancer led to the suggestion that the 

terminology be modified to remove the word “carcinoma” (and stage 0 cancer) so that the 

name is more closely aligned with the growing understanding of the underlying biology by 

simply referring to them as “intraepithelial neoplasia.”(92–94) As noted above, progression 

rates are substantial with high-grade DCIS. The terms “cancer” and “carcinoma” would 

be reserved for lesions likely to progress.(95–97) Some have advanced the term “indolent 

lesion of epithelial origin (IDLE)”.(91) Such an approach to modification in terminology to 

better suit the underlying biology has already been used in the case of cervical intraepithelial 

neoplasia (CIN), which used to be called carcinoma in situ; and epithelial tumors of low 

malignant potential for ovarian lesions. Another suggested approach has been to raise the 

threshold for labeling a radiologic finding “abnormal.”(4, 11, 98) In addition, a recent small 

qualitative study suggested that women with DCIS or invasive breast cancer appreciated 

and could benefit from discussion about breast cancer overdiagnosis that went beyond 

information given by their providers.(99)

3.4. Better prognostic tools

An important area of research is the development of tools that theoretically could identify 

overdiagnosis at the molecular level in individual tumors.(2, 100, 101) It would then be 

possible to inform patients with more confidence whether a newly diagnosed tumor has 

been overdiagnosed or is likely to progress without treatment. A model for this approach is 

the Oncotype DX Genomic Prostate Score (GPS), an expression array of 17 genes reported 

to correlate with upgrading on biopsy follow-up during active surveillance for prostate 

cancer.(102) Standard practice decisions for estrogen-receptor positive early-stage breast 

cancer already employs prognostic categorization based on molecular signatures tested in 

the Oncotype DX “recurrence score” and other genomic assessments, enabling avoidance 

of aggressive therapies for cancers scoring as low-risk.(103) Comparable molecular 

assessments of screen-detected lesions scoring as low risk would have the potential to 

obviate the trend to follow up with invasive, harmful overtreatment.(104)

3.5. Conclusions

We emphasize that encouraging a deeper understanding of overdiagnosis is not intended to 

discourage screening of appropriate individuals in settings that have established mortality 

reduction using high-level evidence from clinical trials. The goal is to achieve fully informed 

personal decisions about screening using balanced messages that include a discussion of 

overdiagnosis when it has been shown to exist for a given screening test.(104, 105) Only 

then can individuals truly map the information to their personal values with a knowledge of 

the trade-offs involved.
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Fig. 1. 
(A) Length-time bias/length-biased sampling. Green lines, cancers picked up by screening; 

Red lines, cancers missed by screening; Dx, time when disease is clinically obvious without 

testing. (B) Overdiagnosis. *, lifespan unchanged. (C) Cancer overdiagnosis due to tumor 

heterogeneity. (Courtesy of H. Gilbert Welch, Brigham and Women’s Center for Surgery and 

Public Health)
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Fig. 2. 
Overdiagnosis with stable true cancer incidence. (Adapted from H.G. Welch et al., N Engl J 
Med 381(14):1378–1386, 2019)
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Fig. 3. 
(A) Age-standardized incidence and mortality rate of neuroblastoma in Osaka. (Adapted 

from W. Ajiki et al., Cancer Causes Control 9(6):631–636, 1998) (B) Incidence and 

mortality rates of neuroblastoma cases before and after cessation of the mass screening 

program in Japan (Adapted from From T. Shinagawa et al., Int J Cancer 140:618–625, 2017)
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Fig. 4. 
Breast cancer long-term trends in SEER Incidence (1975–2018) and US mortality (1975–

2019). The delay-adjusted incidence curve includes correction of incidence for the most 

recent historical trends in delayed reporting from SEER sites.
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Table 1

Perceived benefits and harms of screening mammography in US women ages 40–59*.

Benefit vs. 
Harm

Outcome of mammographic screening Awareness: Have 
you heard of this 
before?

Importance in 
decision to get 
mammogram: Not at 
all

Importance in 
decision to get 
mammogram: Very 
important

Benefit Mortality reduction: mammogram can save lives 97% 2% 67%

Harms False positive: Mammogram can find something that 
looks like cancer but turns out not to be cancer, i.e. 
“false alarm”

75% 12% 23%

Overdiagnosis: Some breast cancers found by 
mammograms grow so slowly that they would not 
have caused any health problems for women in their 
lifetime.

27%** 13% 22%

*
Adapted from J. Yu, et al. JAMA Int Med. 2017;177(9):1381–1382.(87)

**
An earlier survey indicated that in 1997 only 7% of women were aware of non-progressive breast cancers. L.M. Schwartz, et al. BMJ. 

2000;320:1635–1640.(86)
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