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Abstract

Advanced imaging technologies play a central role in screening asymptomatic patients. However, 

the balance between imaging-based screening’s potential benefits versus risks is sometimes 

unclear. Radiologists will have to address ongoing concerns, including high false-positive rates, 

incidental findings outside the organ of interest, overdiagnosis, and potential risks from radiation 

exposure. In this article, we provide a brief overview of these recurring controversies, and suggest 

the following as areas that radiologists should focus on in order to tip the balance towards more 

benefits and less harms for patients undergoing imaging-based screening: interpretive variability, 

abnormal finding thresholds, and personalized, risk-based screening.
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1. Introduction

Diseases for which screening is appropriate include those that have significant impact on 

quality-of-life or mortality, are common enough to invest resources in screening programs, 

have a known natural history compatible with benefit from early detection and treatment, 

and for which an effective treatment is available. The ideal screening test, imaging-based or 

not, is safe, relatively easy to administer, acceptable to the public, inexpensive, and 

demonstrates acceptable test characteristics such as sensitivity and specificity. Finally, 

screening programs are appropriate only when those testing positive have reasonable access 

to follow-up, including access to appropriate treatment [1].

The role of medical imaging in disease screening continues to grow, presenting new 

opportunities for improving health outcomes for large patient populations. However, 

imaging-based screening is not without controversy, as current technologies can only detect 

disease that is grossly apparent on imaging rather than providing functional information 

about the aggressiveness of a disease process. This inherent limitation, in turn, opens the 

door to criticisms and debates about the actual balance between the benefits and harms of 

any imaging-based screening procedure. Indeed, the traditional public overconfidence in the 

benefits of screening has frequently come into question in recent years, creating a highly 

contentious political environment regarding routine imaging-based screening guidelines [2–

6]. For radiologists, who are at the frontline of administering and interpreting advanced 

imaging, demonstrating overall value for these procedures is an increasingly important, yet 

complex task.

In addition to continuous technological improvements and refinement of advanced imaging 

technologies, including lowering associated radiation doses, what other aspects of screening 

should radiologists be addressing in order to maximize potential benefits and minimize 

unnecessary harms? This article provides a brief overview of a few controversial aspects of 

imaging-based screening, followed by a discussion of specific areas that would benefit from 

greater attention from the radiology community to improve the value of imaging-based 

screening.

2. Ongoing Concerns Regarding Imaging-Based Screening

2.1 False-Positive Exams

The most obvious potential harms from imaging-based screening are false-positive exams 

and the downstream sequelae, including morbidity associated with unnecessary diagnostic 

exams, invasive interventions, and ionizing radiation exposure. False positive results are not 

unexpected in screening tests, but the degree to which false positives occur depends upon 

patient, test, and interpreter characteristics [7, 8]. In addition, the cumulative false-positive 

rate needs to be considered as many individuals undergo these exams repeatedly over a 

lifetime. For example, more than half of the women undergoing screening mammography 

annually for a decade will experience at least one false positive exam [9–11].

The shift in the United States Preventive Services Task Force (USPSTF) recommendations 

towards less frequent mammography screening starting at an older age was largely driven by 
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the harms associated with the rate of false-positive screening among younger women [10]. 

While the addition of tomosynthesis to digital mammography screening could notably 

decrease the false positive rate [12], a discernible proportion of women will still need 

diagnostic imaging work-up and possible intervention for benign findings, incurring both 

additional medical costs, as well as adverse psychological effects [7, 13–15]. These latter 

psychological effects, however, may be quite transient and of lower magnitude than 

originally believed [16, 17]. Nevertheless, the false-positive rates, at least in the large trials, 

are higher for newer imaging-based screening exams [18, 19].

2.2 Incidental Findings

With larger areas of the body visualized by cross sectional imaging such as low-dose CT for 

lung cancer screening and CT colonography, incidental findings are likely to be a constant 

issue for screening programs where anatomy outside of the organ of interest is included in 

the field of view. Multiple reports suggest relatively high rates of incidental findings outside 

the organ of interest on CT screening for lung cancer, colon cancer, and coronary artery 

disease [20–24]. The cost of pursuing additional work-up of incidental findings is variably 

reported but not negligible [22], and it is contended that many studies underestimate 

diagnostic work-up costs of incidental findings [25]. Furthermore, the relative need for 

follow-up and the clinical significance of such incidental findings remain unknown. For 

example, in the case of cross-sectional imaging that includes the lower neck and upper chest, 

one incidental finding that has become highly publicized is the thyroid nodule, with 

suggestion of growing overdiagnosis of occult papillary thyroid cancers of little clinical 

significance [26–30].

2.3 Overdiagnosis

Overdiagnosis is defined as disease that, if it had not been screen-detected, would not have 

become clinically symptomatic during the patient’s lifetime [31–33]. Overdiagnosis is not 

directly measurable, but rather estimates of overdiagnosis are derived from long-term 

population-level data comparing incidence among screened versus unscreened patients [31, 

34–36]. Many note that published estimates of overdiagnosis are nonuniform in 

methodology, which may account for their extreme variability [13, 32, 35, 36]. The concept 

of overdiagnosis, and subsequent overtreatment of indolent disease, has been explored and 

debated extensively in the breast cancer screening literature [31, 34, 37–39], and similar 

analyses and criticisms are noted with respect to lung cancer screening [18, 21, 33, 40]. For 

breast cancer, estimates range from negligible amounts to more than half of screen-detected 

breast cancers [32, 34–37, 39, 41]. For lung cancer screening, estimates range between 10% 

and 25% based on the National Lung Screening Trial (NLST) data [18, 21, 40], although 

some contend that this percentage is likely much higher [33, 42]. Regardless of magnitude, 

overdiagnosis and subsequent overtreatment of disease that would never have become 

clinically relevant results in multiple potential harms, including physical morbidity, 

additional costs, and psychological harms of receiving a diagnosis [13, 43, 44].

2.4 Radiation Exposure

While the goal of imaging-based screening is to detect cancer at earlier stages, these 

examinations may inadvertently increase the risk of radiation-induced cancer among a small 
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proportion of patients. Screening mammography, CT lung cancer screening, and CT 

colonography all impart ionizing radiation, a potential carcinogen even at relatively low 

doses [45]. The lifetime attributable risk of fatal breast cancer from annual mammography 

screening between 40 and 80 years of age is estimated at about 0.02% [46]. One analysis 

estimates that a single low-dose chest CT results in 0.01–0.06% lifetime cancer risk and that 

annual CT scans from age 50 to 75 years could result in an incremental increased lifetime 

risk of 0.2–0.85% [47]. Accounting for follow-up CT evaluations for extracolonic incidental 

findings, CT colonography is associated with an estimated 0.15% increased risk of 

radiation-induced cancer for an individual undergoing screening every 5 years from age 50 

until age 80 [48]. For each of these imaging-based screening examinations, there appears to 

be a small, but real risk of radiation-induced malignancy at the population level [49]. This 

risk will increasingly be included in the risk-benefit simulation modeling that informs the 

USPSTF recommendations, as is the case for the revised screening mammography 

recommendations to be published this year [50].

3. Decreasing Variability in Interpretation

It is well recognized that radiologists vary in their interpretation of screening examinations 

[51,52]. Radiologists, however, are not alone in interpretive variability, as similar challenges 

are noted among pathologists [53]. In order to demonstrate value, new imaging-based 

screening initiatives will need to ensure greater consistency in test interpretation.

Previous research on screening mammography offers some valuable lessons learned 

regarding decreasing interpretive variability. First, greater volumes of screening exams and 

more exposure to diagnostic work-ups for abnormal findings have been associated with 

improved overall radiologist performance, including a significant decrease in false positive 

rates [54,55]. Additionally, subspecialty training has been associated with reduced work-up 

of benign lesions while maintaining high disease detection rates [56]. Moreover, 

comparative research between U.S. and European practices suggests that double reading by 

two radiologists compared to single radiologist interpretation can significantly decrease the 

false positive rate for screening mammography [57].

Thus, for newer screening exams such as low-dose CT lung cancer screening and CT 

colonography, radiologists should consider evaluating similar practices. For instance, should 

only fellowship-trained thoracic imagers be interpreting low-dose CT lung cancer screening 

studies? Should there be minimal annual screening exam volumes set for those interpreting 

CT colonography studies? The NLST found substantial variability across radiologists 

interpreting studies, with the odds of a false-positive interpretation 2.5 times higher for one 

radiologist versus another [58]. Similar variability is being seen with CT colonography 

interpretive performance [59]. Unfortunately, there has been very little data collected thus 

far examining the relationship between radiologists’ training and experience levels and 

improved interpretive accuracy for these newer imaging-based screening studies.

The issue of double reading in the U.S. for screening studies has largely been evaded with 

arguments that screening in the U.S. is decentralized, without dedicated national screening 

programs. Many have suggested that double reading would be unrealistic in the U.S. due to 
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manpower shortages, and instead suggest the addition of computer aided detection (CAD) 

software to fill the role of a second reader. However, contrary to its intended effect, CAD 

has been shown to actually reduce the overall accuracy of screening mammography [60]. 

Early studies involving CAD as a second reader on CT colonography suggest improvement 

in sensitivity for detecting lesions 6–9 mm in size, but at a lower specificity [61]. Heeding 

the lessons learned from CAD for mammography, rapid adoption of CAD software for 

newer imaging-based screening studies should be approached with caution. Moreover, the 

potential for double reading to help decrease variability in interpretation should likely be 

revisited given the growing efficiencies of modern telemedicine practices [62].

4. Adjusting the Threshold for Abnormal Findings

To adjust thresholds for diagnosing and treating lesions detected on imaging-based 

screening, altering the cancer vocabulary has been suggested as both patients and physicians 

may react strongly to the word “cancer” [2, 63]. Some have suggested that the term “cancer” 

be reserved for diseases known to be lethal and that a new term, “indolent lesion of 

epithelial origin” or IDLE, be used to describe slowly progressing disease without mortality 

certainty [2, 63]. Moreover, monitoring certain low-risk screen-detected lesions via 

“observational registries” has been suggested in lieu of aggressive treatment [2, 64]. 

However, it is recognized that altering medical terminology and changing current standards 

of practice would face great opposition and multiple challenges, including potential medical-

legal ramifications for physicians [2, 65].

While the example above may appear extreme to some, radiologists can and should take a 

more active role in determining whether more appropriate thresholds for reporting 

potentially clinically significant disease can be reached based on imaging characteristics. By 

increasing the threshold to define a positive screening test, the number of false positives can 

be reduced. In the case of low-dose CT lung cancer screening, researchers demonstrated 

theoretical decreases in false positives by changing the threshold size at which radiologists 

should report a positive result, with a relatively small associated increase in the number of 

“delayed or missed” cancers [66]. With approximately 96% of abnormal lung cancer 

screening exams eventually found to represent false positives in the NLST [19], there is 

great potential for radiologists to develop improved interpretive thresholds based on imaging 

features. The American College of Radiology (ACR), moreover, has developed the Lung CT 

Screening Reporting and Data System (Lung-RADS) in an effort to standardize reporting 

and management recommendations. In addition to providing standard lexicon, ACR’s Lung-

RADS, and similar efforts for breast imaging (BI-RADS), head injury (HI-RADS), liver 

imaging (LI-RADS) and prostate imaging (PI-RADS), aims to provide threshold guidelines 

for positive examinations, as well as suggestions for interval imaging follow-up [67].

Recent studies have also suggested that most incidental findings on imaging studies are not 

clinically significant but contribute to unnecessary diagnostic testing and interventions that 

add to overall healthcare costs [68–70]. Therefore, threshold values will need to be 

determined for reporting incidental findings, in addition to the findings of interest, for all 

cross-sectional imaging-based screening. Moreover, if incidental findings are reported, 

consensus follow-up recommendations will also need to be provided. Studies addressing the 
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evaluation of lung nodules detected by radiologists suggest relatively low agreement among 

radiologists regarding imaging follow-up recommendations [71, 72]. One study on screening 

for lung cancer found incidental thyroid nodules reported in nearly 3% of screening 

examinations with unclear diagnostic work-up recommendations [73]. Indeed, in the case of 

CT colonography where images are obtained of the entire abdomen and pelvis, the Center 

for Medicare & Medicaid Services’ decision not to reimburse for the technology cited 

concerns for the costs of evaluating extracolonic findings of equivocal significance [25].

In the absence of long-term, downstream resource utilization data stemming from incidental 

findings on screening exams, radiologists should work towards developing best practice 

guidelines for determining when and if incidental findings should be reported, and providing 

guidance to referring clinicians on the most appropriate follow-up recommendations. The 

American College of Radiology has published a series of white papers on managing such 

incidental findings [74]. However, continued, multidisciplinary work is necessary to update 

appropriate imaging recommendations based on the growing literature on incidental 

findings.

5. Personalizing Disease Screening

Much of the controversy surrounding overdiagnosis stems from heterogeneity of disease 

behavior [2, 7, 64, 75–77]. Ideally, screen-detected diseases would follow a predictable 

progression to benefit from early detection and treatment, but this idealized behavior is not 

an absolute [76]. Many small cancers detected on screening may never become clinically 

apparent during a person’s lifetime. In response, many cite the promise of imaging 

biomarkers for helping discern indolent from aggressive cancers. However, such tools are 

still in their early development phases and no imaging-based screening tools are currently 

equipped to provide this type of information.

In the meantime, the use of imaging-based screening exams can be better tailored towards 

those at higher risk for developing disease, and be provided at the most optimal screening 

intervals. Radiologists can help guide and encourage the use of risk stratification tools to aid 

in informed decision-making [64, 77]. Risk stratification may mean narrowing the screened 

population to higher risk individuals or larger intervals between exams, rather than 

encouraging screening among entire populations at more frequent intervals [13]. Lung 

cancer screening, for example, is recommended only for high-risk current and former 

smokers (having quit within the last 15 years) with a 30-year pack history aged 55–80 years 

[21, 78]. Similarly, in 2009, the USPSTF updated its recommendation on breast cancer 

screening by also effectively focusing on higher risk (older) patients by recommending 

routine biennial screening among women aged 50–74 years old, with screening before age 

50 dependent on the individual woman [79].

In an era of shared-decision making in medicine, radiologists should support endeavors for 

more appropriate disease screening. Many propose that more public education regarding the 

benefits and risks of screening is key to ensuring the public’s trust in medical screening 

efforts and to promote greater individual patient involvement in their health care [5, 13, 44]. 

Indeed, patients now have ready and open access to their radiology reports through patient 
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web portals. Rather than approaching greater transparency in health care with a sense of 

threat, radiologists should welcome increased interactions with referring physicians - and 

potentially patients themselves - regarding the most appropriate use of imaging-based 

screening studies. In breast cancer screening, for instance, a recent study of breast MRI use 

in the U.S. reports that the majority of women at high lifetime risk who would qualify for 

annual supplemental screening breast MRI are underutilizing this tool [80]. Thus, as the 

experts of advanced imaging technologies, radiologists have the opportunity to be leaders in 

improved adherence to screening guidelines and to help patients at high risk navigate 

towards improved utilization of appropriate, advanced imaging-based screening 

examinations.

6. Conclusion

Imaging continues to play an increasingly central role in early disease detection, with the 

promise of decreased morbidity and mortality from early intervention. Radiologists are at 

the forefront of population-based screening efforts that can positively influence patient 

health. In addition to continued refinement of imaging technologies, radiologists must also 

address key ongoing concerns regarding imaging-based screening, including how to 

minimize false-positives, manage incidental findings, deter overdiagnosis, and minimize 

radiation exposure. As stewards of advanced imaging, radiologists have the opportunity to 

decrease interpretive variability, minimize false positives, appropriately report and manage 

clinically significant findings, and contribute to risk stratification and informed decision-

making among heterogeneous patient populations.

Acknowledgments

Funding: This work was supported in part by grants from the American Cancer Society (MRSG-14-160-01-
CPHPS) and the National Cancer Institute (K05 CA 104699).

References

1. Katz, DL.; Elmore, JG.; Wild, D.; Lucan, SC. Jekel's Epidemiology, Biostatistics, Preventive 
Medicine, and Public Health. 4th ed.. Philadelphia, PA: Saunders; 2014. 

2. Esserman LJ, Thompson IM, Reid B, et al. Addressing overdiagnosis and overtreatment in cancer: a 
prescription for change. Lancet Oncol. 2014; 15(6):e234–e242. [PubMed: 24807866] 

3. Hoffmann TC, Del Mar C. Patients' Expectations of the Benefits and Harms of Treatments, 
Screening, and Tests: A Systematic Review. JAMA Intern Med. 2014

4. Schwartz LM, Woloshin S, Fowler FJ Jr, et al. Enthusiasm for cancer screening in the United States. 
JAMA. 2004; 291(1):71–78. [PubMed: 14709578] 

5. Stefanek ME. Uninformed compliance or informed choice? A needed shift in our approach to cancer 
screening. J Natl Cancer Inst. 2011; 103(24):1821–1826. [PubMed: 22106094] 

6. Waller J, Osborne K, Wardle J. Enthusiasm for cancer screening in Great Britain: a general 
population survey. Br J Cancer. 2014

7. Harris R, Sawaya GF, Moyer VA, et al. Reconsidering the criteria for evaluating proposed screening 
programs: reflections from 4 current and former members of the U.S. Preventive services task force. 
Epidemiol Rev. 2011; 33(1):20–35. [PubMed: 21666224] 

8. Christiansen CL, Wang F, Barton MB, et al. Predicting the cumulative risk of falsepositive 
mammograms. J Natl Cancer Inst. 2000; 92(20):1657–1666. [PubMed: 11036111] 

Germino et al. Page 7

Clin Imaging. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Elmore JG, Nakano CY, Koepsell TD, et al. International variation in screening mammography 
interpretations in community-based programs. J Natl Cancer Inst. 2003; 95(18):1384–1393. 
[PubMed: 13130114] 

10. Hubbard RA, Kerlikowske K, Flowers CI, et al. Cumulative probability of false-positive recall or 
biopsy recommendation after 10 years of screening mammography: a cohort study. Ann Intern 
Med. 2011; 155(8):481–492. [PubMed: 22007042] 

11. Elmore JG, Barton MB, Moceri VM, et al. Ten-year risk of false positive screening mammograms 
and clinical breast examinations. N Engl J Med. 1998; 338(16):1089–1096. [PubMed: 9545356] 

12. Lee CI, Cevik M, Alagoz O, et al. Comparative Effectiveness of Combined Digital Mammography 
and Tomosynthesis Screening for Women with Dense Breasts. Radiology. 2014:141237.

13. Pace LE, Keating NL. A systematic assessment of benefits and risks to guide breast cancer 
screening decisions. JAMA. 2014; 311(13):1327–1335. [PubMed: 24691608] 

14. Alcusky M, Philpotts L, Bonafede M, et al. The patient burden of screening mammography recall. 
J Womens Health (Larchmt). 2014; 23(Suppl 1):S11–S19. [PubMed: 25247382] 

15. Brodersen J, Siersma VD. Long-term psychosocial consequences of false-positive screening 
mammography. Ann Fam Med. 2013; 11(2):106–115. [PubMed: 23508596] 

16. Tosteson AN, Fryback DG, Hammond CS, et al. Consequences of false-positive screening 
mammograms. JAMA Intern Med. 2014; 174(6):954–961. [PubMed: 24756610] 

17. Gareen IF, Duan F, Greco EM, et al. Impact of lung cancer screening results on participant health-
related quality of life and state anxiety in the National Lung Screening Trial. Cancer. 2014; 
120(21):3401–3409. [PubMed: 25065710] 

18. de Koning HJ, Meza R, Plevritis SK, et al. Benefits and harms of computed tomography lung 
cancer screening strategies: a comparative modeling study for the U.S. Preventive Services Task 
Force. Ann Intern Med. 2014; 160(5):311–320. [PubMed: 24379002] 

19. Aberle DR, Adams AM, et al. National Lung Screening Trial Research Team. Reduced lung-
cancer mortality with low-dose computed tomographic screening. N Engl J Med. 2011; 365(5):
395–409. [PubMed: 21714641] 

20. Johnson CD, Chen MH, Toledano AY, et al. Accuracy of CT colonography for detection of large 
adenomas and cancers. N Engl J Med. 2008; 359(12):1207–1217. [PubMed: 18799557] 

21. Moyer VA. U.S. Preventive Services Task Force. Screening for lung cancer: U.S. Preventive 
Services Task Force recommendation statement. Ann Intern Med. 2014; 160(5):330–338. 
[PubMed: 24378917] 

22. Pickhardt PJ, Hanson ME, Vanness DJ, et al. Unsuspected extracolonic findings at screening CT 
colonography: clinical and economic impact. Radiology. 2008; 249(1):151–159. [PubMed: 
18796673] 

23. Shemesh J, Henschke CI, Farooqi A, et al. Frequency of coronary artery calcification on low-dose 
computed tomography screening for lung cancer. Clin Imaging. 2006; 30(3):181–185. [PubMed: 
16632153] 

24. Xiong T, Richardson M, Woodroffe R, et al. Incidental lesions found on CT colonography: their 
nature and frequency. Br J Radiol. 2005; 78(925):22–29. [PubMed: 15673525] 

25. Berland LL. Incidental extracolonic findings on CT colonography: the impending deluge and its 
implications. J Am Coll Radiol. 2009; 6(1):14–20. [PubMed: 19111266] 

26. Harach HR, Franssila KO, Wasenius VM. Occult papillary carcinoma of the thyroid. A "normal" 
finding in Finland. A systematic autopsy study. Cancer. 1985; 56(3):531–538. [PubMed: 2408737] 

27. Chaikhoutdinov I, Mitzner R, Goldenberg D. Incidental Thyroid Nodules: Incidence, Evaluation, 
and Outcome. Otolaryngol Head Neck Surg. 2014; 150(6):939–942. [PubMed: 24618501] 

28. Frates MC, Benson CB, Charboneau JW, et al. Management of thyroid nodules detected at US: 
Society of Radiologists in Ultrasound consensus conference statement. Radiology. 2005; 237(3):
794–800. [PubMed: 16304103] 

29. Shetty SK, Maher MM, Hahn PF, et al. Significance of incidental thyroid lesions detected on CT: 
correlation among CT, sonography, and pathology. AJR Am J Roentgenol. 2006; 187(5):1349–
1356. [PubMed: 17056928] 

30. Davies L, Welch HG. Increasing incidence of thyroid cancer in the United States, 1973–2002. 
JAMA. 2006; 295(18):2164–2167. [PubMed: 16684987] 

Germino et al. Page 8

Clin Imaging. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



31. Javitt MC. Section editor's notebook: breast cancer screening and overdiagnosis unmasked. AJR 
Am J Roentgenol. 2014; 202(2):259–261. [PubMed: 24450663] 

32. Nelson HD, Tyne K, Naik A, et al. Screening for breast cancer: an update for the U.S. Preventive 
Services Task Force. Ann Intern Med. 2009; 151(10):727–737. W237–W242. [PubMed: 
19920273] 

33. Reich JM, Kim JS. Quantification and consequences of lung cancer CT overdiagnosis. Lung 
Cancer. 2014

34. Bleyer A, Welch HG. Effect of three decades of screening mammography on breastcancer 
incidence. N Engl J Med. 2012; 367(21):1998–2005. [PubMed: 23171096] 

35. Puliti D, Duffy SW, Miccinesi G, et al. Overdiagnosis in mammographic screening for breast 
cancer in Europe: a literature review. J Med Screen. 2012; 19(Suppl 1):42–56. [PubMed: 
22972810] 

36. Puliti D, Miccinesi G, Paci E. Overdiagnosis in breast cancer: design and methods of estimation in 
observational studies. Prev Med. 2011; 53(3):131–133. [PubMed: 21658405] 

37. Coldman A, Phillips N. Incidence of breast cancer and estimates of overdiagnosis after the 
initiation of a population-based mammography screening program. CMAJ. 2013; 185(10):E492–
E498. [PubMed: 23754101] 

38. Gur D, Sumkin JH. Screening for early detection of breast cancer: overdiagnosis versus suboptimal 
patient management. Radiology. 2013; 268(2):327–328. [PubMed: 23882095] 

39. Jorgensen KJ, Gotzsche PC. Overdiagnosis in publicly organised mammography screening 
programmes: systematic review of incidence trends. BMJ. 2009; 339:b2587. [PubMed: 19589821] 

40. Patz EF Jr, Pinsky P, Gatsonis C, et al. Overdiagnosis in low-dose computed tomography screening 
for lung cancer. JAMA Intern Med. 2014; 174(2):269–274. [PubMed: 24322569] 

41. Smith RA. Counterpoint: Overdiagnosis in breast cancer screening. J Am Coll Radiol. 2014; 11(7):
648–652. [PubMed: 24794765] 

42. Marcus PM, Bergstralh EJ, Fagerstrom RM, et al. Lung cancer mortality in the Mayo Lung 
Project: impact of extended follow-up. J Natl Cancer Inst. 2000; 92(16):1308–1316. [PubMed: 
10944552] 

43. DeFrank JT, Barclay C, Sheridan S, et al. The Psychological Harms of Screening: the Evidence 
We Have Versus the Evidence We Need. J Gen Intern Med. 2014

44. Welch HG, Passow HJ. Quantifying the benefits and harms of screening mammography. JAMA 
Intern Med. 2014; 174(3):448–454. [PubMed: 24380095] 

45. Brenner DJ, Doll R, Goodhead DT, et al. Cancer risks attributable to low doses of ionizing 
radiation: assess what we really know. Proc Natl Acad Sci USA. 2003; 100(24):13761–13766. 
[PubMed: 14610281] 

46. Hendrick RE. Radiation doses and cancer risks from breast imaging studies. Radiology. 2010; 
257(1):246–253. [PubMed: 20736332] 

47. Brenner DJ. Radiation risks potentially associated with low-dose CT screening of adult smokers 
for lung cancer. Radiology. 2004; 231(2):440–445. [PubMed: 15128988] 

48. Berrington de González A, Kim KP, Knudsen AB, et al. Radiation-related cancer risks from CT 
colonography screening: a risk-benefit analysis. AJR Am J Roentgenol. 2011; 196(4):816–823. 
[PubMed: 21427330] 

49. Albert JM. Radiation risk from CT: implications for cancer screening. AJR Am J Roentgenol. 
2013; 201(1):W81–W87. [PubMed: 23789701] 

50. Miglioretti, DL.; Lange, J.; van Ravesteyn, N., et al. Radiation-induced breast cancer and breast 
cancer death from mammography screening. Rockville (MD): Agency for Healthcare Research 
and Quality; 2015 Apr. Report No: 14-05201-EF-5; in press

51. Elmore JG, Jackson SL, Abraham L, et al. Variability in interpretive performance at screening 
mammography and radiologists' characteristics associated with accuracy. Radiology. 2009; 253(3):
641–651. [PubMed: 19864507] 

52. Yankaskas BC, Schell MJ, Miglioretti DL. Recall and detection rates in screening mammography. 
Cancer. 2004; 101(11):2710–2711. author reply 2711–2. [PubMed: 15499596] 

Germino et al. Page 9

Clin Imaging. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



53. Allison KH, Reisch LM, Carney PA, et al. Understanding diagnostic variability in breast 
pathology: lessons learned from an expert consensus review panel. Histopathology. 2014; 65(2):
240–251. [PubMed: 24511905] 

54. Buist DS, Anderson ML, Haneuse SJ, et al. Influence of annual interpretive volume on screening 
mammography performance in the United States. Radiology. 2011; 259(1):72–84. [PubMed: 
21343539] 

55. Lee CI, Elmore JG. Increasing value by increasing volume: call for changes in US breast cancer 
screening practices. J Natl Cancer Inst. 2014; 106(3):dju028. [PubMed: 24598716] 

56. Miglioretti DL, Gard CC, Carney PA, et al. When radiologists perform best: the learning curve in 
screening mammogram interpretation. Radiology. 2009; 253(3):632–640. [PubMed: 19789234] 

57. Gilbert FJ, Astley SM, McGee MA, et al. Single reading with computer-aided detection and double 
reading of screening mammograms in the United Kingdom National Breast Screening Program. 
Radiology. 2006; 241(1):47–53. [PubMed: 16990670] 

58. Pinsky PF, Gierada DS, Nath PH, et al. National lung screening trial: variability in nodule 
detection rates in chest CT studies. Radiology. 2013; 268(3):865–873. [PubMed: 23592767] 

59. Burling D, Halligan S, Atchley J, et al. CT colonography: interpretative performance in a non-
academic environment. Clin Radiol. 2007; 62(5):424–429. discussion 430–1. [PubMed: 
17398266] 

60. Fenton JJ, Taplin SH, Carney PA, et al. Influence of computer-aided detection on performance of 
screening mammography. N Engl J Med. 2007; 356(14):1399–1409. [PubMed: 17409321] 

61. Regge D, Della Monica P, Galatola G, et al. Efficacy of computer-aided detection as a second 
reader for 6–9-mm lesions at CT colonography: multicenter prospective trial. Radiology. 2013; 
266(1):168–176. [PubMed: 23151831] 

62. Benjamin M, Aradi Y, Shreiber R. From shared data to sharing workflow: merging PACS and 
teleradiology. Eur J Radiol. 2010; 73(1):3–9. [PubMed: 19914789] 

63. Esserman L, Shieh Y, Thompson I. Rethinking screening for breast cancer and prostate cancer. 
JAMA. 2009; 302(15):1685–1692. [PubMed: 19843904] 

64. Esserman LJ, Thompson IM Jr, Reid B. Overdiagnosis and overtreatment in cancer: an opportunity 
for improvement. JAMA. 2013; 310(8):797–798. [PubMed: 23896967] 

65. Coldiron BM, Mellette JR Jr, Hruza GJ, et al. Addressing overdiagnosis and overtreatment in 
cancer. Lancet Oncol. 2014; 15(8):e307. [PubMed: 24988934] 

66. Gierada DS, Pinsky P, Nath H, et al. Projected outcomes using different nodule sizes to define a 
positive CT lung cancer screening examination. J Natl Cancer Inst. 2014; 106(11)

67. American College of Radiology. [Accessed May 15, 2015] Additional Quality and Safety 
Resources. Available at: http://www.acr.org/Quality-Safety/Resources.

68. Cronan JJ. Thyroid nodules: is it time to turn off the US machines? Radiology. 2008; 247(3):602–
604. [PubMed: 18487528] 

69. Youserm DM, Huang T, Loevner LA, et al. Clinical and economic impact of incidental thyroid 
lesions found with CT and MR. AJNR Am J Neuroradiol. 1997; 18(8):1423–1428. [PubMed: 
9296181] 

70. Lee CI, Tsai EB, Sigal BM, et al. Incidental extracardiac findings at coronary CT: clinical and 
economic impact. AJR Am J Roentgenol. 2010; 194(6):1531–1538. [PubMed: 20489093] 

71. Singh S, Pinsky P, Fineberg NS, et al. Evaluation of reader variability in the interpretation of 
follow-up CT scans at lung cancer screening. Radiology. 2011; 259(1):263–270. [PubMed: 
21248232] 

72. Quint LE, Watcharotone K, Myles JD, et al. Incidental findings at chest CT: a needs assessment 
survey of radiologists' knowledge. Acad Radiol. 2011; 18(12):1500–1506. [PubMed: 21962546] 

73. Lee JH, Jeong SY, Kim YH. Clinical significance of incidental thyroid nodules identified on low-
dose CT for lung cancer screening. Multidiscip Respir Med. 2013; 8(1):56. [PubMed: 23985215] 

74. Berland LL, Silverman SG, Gore RM, et al. Managing incidental findings on abdominal CT: white 
paper of the ACR incidental findings committee. J Am Coll Radiol. 2010; 7(10):754–773. 
[PubMed: 20889105] 

Germino et al. Page 10

Clin Imaging. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.acr.org/Quality-Safety/Resources


75. Bach PB, Jett JR, Pastorino U, et al. Computed tomography screening and lung cancer outcomes. 
JAMA. 2007; 297(9):953–961. [PubMed: 17341709] 

76. Bach PB. Is our natural-history model of lung cancer wrong? Lancet Oncol. 2008; 9(7):693–697. 
[PubMed: 18598934] 

77. Alvarado M, Ozanne E, Esserman L. Overdiagnosis and overtreatment of breast cancer. Am Soc 
Clin Oncol Educ Book. 2012:e40–e45. [PubMed: 24451829] 

78. Humphrey LL, Deffebach M, Pappas M, et al. Screening for lung cancer with low-dose computed 
tomography: a systematic review to update the US Preventive services task force recommendation. 
Ann Intern Med. 2013; 159(6):411–420. [PubMed: 23897166] 

79. U.S. Preventive Services Task Force. Screening for breast cancer: U.S. Preventive Services Task 
Force recommendation statement. Ann Intern Med. 2009; 151(10):716–726. W-236. [PubMed: 
19920272] 

80. Wernli KJ, DeMartini WB, Ichikawa L, et al. Patterns of breast magnetic resonance imaging use in 
community practice. JAMA Intern Med. 2014; 174(1):125–132. [PubMed: 24247555] 

Germino et al. Page 11

Clin Imaging. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


