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The importance of early cancer detection
• In the last 100 years, our understanding of natural history of single organ 

cancers as localized at inception and systemic following progression led to 
an emphasis on early detection as a cornerstone of cancer control.

• Observations that outcomes were better with earlier detection of 
symptomatic disease led to an interest in detecting early, occult disease in 
asymptomatic individuals.

• In the 60s and 70s, the emergence of evidence-based criteria 
(Wilson & Jungner) and evidence-based medicine led to the 
prioritization of experimental methodology (randomized trials) 
as essential for establishing cancer screening policy, and 
evidence-based approaches to establishing screening 
guidelines. 



The Evolution of Cervical Cancer Screening

https://acsjournals.onlinelibrary.wiley.com/doi/epdf/10.3322/canjclin.23.3.174 Am J Obstet Gynecol. 1941 42:193–206

1928 1941



Trends in Mortality from Cervical Cancer in 
the Nordic Countries, 1953-1982

“No randomised trial to evaluate a 
screening programme for cervical 
cancer based on regular Pap smears in a 
defined population has ever been 
reported.”

“The experience of the five Nordic 
countries provides an informative and 
reasonably reliable geographical 
evaluation.”

The results support the conclusion that 
organised screening programmes have 
had a major impact on the reduction in 
mortality from cervical cancer in the 
Nordic countries.
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GUIDELINES FOR CERVICAL CANCER SCREENING HAVE EVOLVED WITH GREATER 
UNDERSTANDING OF THE ROLE OF HPV

Dr. George Papanicolaou, 
Inventor of the Pap Test

YEAR ACS Recommendation

1957 18 + Annual Pap tests

1980 < 20 if sexually active
or 20 +, Annual Pap tests
After 2 normal exams, every 3 years

1988 Onset of sexual activity, or age 18, Annual Pap tests. After 3 
consecutive normal exams, less often based on Doctor’s 
judgment

1991 No change

2002 3 years after onset of sexual activity or age 21. 
Annual/Biennial testing until age 30; Every 2-3 years after 30

2012 Age 21, every 3 years with Pap test 30-65, every 3 years with 
Pap test, or every 5 years with co-testing

2020 Age 25, every 5 years with primary HPV testing (preferred); 
every 5 years with cotesting, or every 3 years with Pap test 
(acceptable)



The Era of Sigmoidoscopy and FOBT
• The understanding of the adenoma-carcinoma 

sequence, and that “earlier is better,” led to the 
pursuit of strategies to diagnosis CRC at the first 
indication of symptoms, typically rectal 
bleeding, and even before patients became 
symptomatic since it was presumed that 
occult bleeding must precede visible 
bleeding.

• However, early testing for occult blood in the 
laboratory was complex and unreliable.

• The use of the rigid sigmoidoscope, developed 
at Johns Hopkins in 1895, began to be used in 
clinical centers for earlier diagnosis of CRC 



Early Evidence for the Effectiveness of Sigmoidoscopy in the 
Reduction of Colorectal Cancer Mortality

Sixteen years after randomization, 12 CRC deaths had 
occurred among the study group compared with 29 
deaths among the control group (2.3 vs 5.2 deaths per 
1000: x2 = 5.85, p < 0.02)

Selby, et al. concluded that the slight excess in exposure 
to sigmoidoscopy seen in the study group (30 vs 25% of 
subjects examined at least once) was unlikely to account 
for more than a small fraction of the study group’s 
decrease in mortality—the results must be judged as 
inconclusive. 

• “The efficacy of sigmoidoscopic screening 
in reducing mortality from colorectal 
cancer remains uncertain.”

• “A randomized trial would be ideal for 
clarifying this issue but is very difficult to 
conduct.”

• “Case-control studies provide an 
alternative method of estimating the 
efficacy of screening sigmoidoscopy. “



Results:
• Data from 268 members of the Kaiser 

Permanente Medical Care Program who had 
died of cancer of the rectum or distal colon from 
1971 to 1988

• Only 8.8% of case subjects had undergone 
screening sigmoidoscopy vs. 24% controls 
(OR=.30, 95% CI 0.19-0.48). Adjusting for 
confounding increased the OR to 0.41, 95% CI 
0.25-0.69)

• OR for fatal CRC above the sigmoid was 0.96 
(95% CI 0.61-1.50)

• Risk of fatal CRC was marked lower for 10 year 
after a single examination

• “…our adjusted odds ratio of 0.41, implying a 
59% reduction in mortality, suggests that a 
screening program using flexible sigmoidoscopy 
could lead to a reduction of at least 30 percent  
in total mortality from colorectal cancer.”



Minnesota Colon Cancer Control Study

Conclusion: Annual FOBT with rehydration decreased the 
13-year cumulative CRC mortality by 33%

Conclusion: Annual FOBT with rehydration decreased the 18-year 
cumulative CRC incidence rate by 20%

NEJM 1993; 328 (19) NEJM 2000; 343 (22)



In the 1990s……
• Selby, et. al.’s case control study 

provided strong support for 
endoscopy by demonstrating 
reduced CRC mortality attributable 
to removal of lesions within the 
reach of the sigmoidoscope

• Additional support came from a 
report from the National Polyp 
Study in 1993, which demonstrated 
reduced CRC incidence associated 
with colonoscopic polypectomy 
Winawer, et al. NEJM 1993;Vol 329 (27) Reductions in the incidence of CRC compared with 

expected rates in the 3 reference groups were 90, 
88, and 76 percent



The Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening 
Trial

•  The Prostate, Lung, Colorectal and Ovarian 
(PLCO) Cancer Screening Trial began 
enrolling ~ 148,000 men and women ages 55-
74 at ten screening centers nationwide with  
balanced randomization to intervention and 
control arms. 

• Protocol development phase began in 1992
• Target cancers included:

• Prostate (PSA and DRE)
• Lung  (chest x-ray)
• Colorectal (flexible sigmoidoscopy)
• Ovarian (CA-125 and transvaginal 

ultrasound)



Early Research on Breast Imaging was initiated in 1913 
by Solomon; Other pioneering work was conducted by 
Kleinschmidt (1927), Warren (1930), Vogel (1932), 
Gershon-Cohen (1937), Leborgne (1951), and Egan 
(1960)

Intention-to treat-case fatality rates 3.5-years since diagnosis, 
adjusted for lead time. The rate for the control group is 
33.7%; for the study group it is 18.1% (P < 0.05 level). Per 
protocol comparison in the study group also shown.

Periodic x-ray examination at 6-month intervals
among 1,312 women for 5 years uncovered 23 cancers, at 
a case finding rate of 17.5 per 1,000. The lesions averaged 
1.1 cm. in diameter and ranged in size from 0.5 to 3.0 cm. 
in diameter. Axillary metastasis was absent in 70%. 

JAMA 1961; 176 (13)

The Health Insurance Plan of Greater New York 
(HIP) RCT of Breast Cancer Screening



Nine RCTs of screening mammography: 
Overall results in terms of breast cancer mortality

Overall RR = 0.79 (95% CI: 0.73, 0.86)
Heterogeneity p = 0.3
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Study ID

Canadian NBSS-1
Canadian NBSS-2
Edinburgh
HIP
Two-County Trial
Malmo-1
Malmo-2
Stockholm
Gothenburg
UK Age Trial

Overall

RR (95% CI)

1.06 (0.80, 1.40)
1.02 (0.78, 1.33)
0.71 (0.53, 0.95)
0.77 (0.62, 0.97)
0.69 (0.56, 0.84)
0.82 (0.67, 1.00)
0.64 (0.39, 1.06)
0.91 (0.65, 1.27)
0.76 (0.56, 1.04)
0.83 (0.66, 1.04)

0.79 (0.73, 0.86)

Tabar, et al. Breast J, 2014 https://doi.org/10.1111/tbj.12354 

21% reduction in 
breast cancer 
mortality

The RCTs varied in terms 
of:
• Randomization design
• Inclusion of physical 

exam
• Quality assurance
• X-ray technology
• Number of views
• Starting & stopping age
• Screening interval
• Duration of follow-up
• Generalizability



Plot of log (RR) for breast cancer mortality against log (RR) for diagnosis with 
advanced disease in the breast cancer RCTs, with meta-regression line

This graph shows that 
the greater the reduction 
in the risk of being 
diagnosed with an 
advanced breast cancer, 
the greater the breast 
cancer mortality 
reduction

Tabar, et al. Breast J, 2014 https://doi.org/10.1111/tbj.12354 



Results from the PLCO and ERSPC Prostate Cancer Screening Trials were 
Published in the NEJM on March 26, 2009

After 7 to 10 years of 
follow-up, the rate of 
death from prostate 
cancer was very low 
and did not differ 
significantly between 
the two study groups

PSA-based screening 
reduced the rate of 
death from prostate 
cancer by 20% but 
was associated with a 
high risk of 
overdiagnosis



Until the late 1990s, lung cancer screening was a teaching case for the importance of 
randomized controlled trials for the evaluation of cancer screening tests.



Lung Cancer Screening with Low Dose Spiral CT, 
Lancet 1999  

In the New York Early Lung 
Cancer Action Project, low-dose 
CT was associated with a 5-fold 
difference compared with chest 
X-ray in the detection of early 
stage, resectable lung cancers

Henschke CI, McCauley DI, Yankelevitz DF, et al. Early Lung Cancer Action Project: overall design and 
findings from baseline screening  Lancet. 1999;354:99-105.








*

12. Lung Cancer: CT Scan

CT scan with contrast showing voluminous right hilo-parahilar opacity and mediastinal lymph node involvement. 















Results from the LDCT Randomized Trials Demonstrate the Efficacy of 
Screening

L U N G  C A N C E R  S C R E E N I N G  G U I D E L I N E S ,   R E C O M M E N D A T I O N S ,  A N D  R E S E A R C H  

Trial
(pub date)

Age 
Range

Smoking 
History

Mortality 
Reduction

Notes 

NLST (US)
(2011)

55-74 ≥ 30 pack years; if 
Quit, < 15 years

20% fewer deaths 
in the LDCT arm 

compared with the 
x-ray arm

Baseline + 2 incidence rounds (12 months)  
compared with chest x-ray group, also 3 
rounds annual screening. The trial was 

stopped on 10-28-2010

NELSON (NE)
(2020)

50-75 ≥ 15 pack years 26% fewer deaths 
in males

Baseline + 3 incidence rounds (12, 24, 30 
mos.) compared with control group (usual 

care)

MILD (ITALY)
(2019)

> 49 ≥ 20 pack years 39% at 10 years
58% 5-10 years

An annual screening and biennial 
screening arm vs. no intervention for 5+ 

screening rounds



Alternative/Supplemental Designs to Evaluate Cancer Screening
• Prospective, cross-sectional, multi-center study

• Randomized Controlled Trials with Surrogate Endpoints

• Modeling Studies

Multi-target stool tests, blood-
based tests, etc. for cancer and 
advanced lesions

Comparisons of two imaging 
tests for cancer and advanced 
lesions

Simulation modeling in the 
absence of multiple, relevant 
large prospective studies



Conclusion
• Over the last 100 years, our understanding of natural history of single 

organ cancers as localized at inception and systemic following 
progression led to an emphasis on early detection as a cornerstone of 
cancer control.

• In the 60s and 70s, the emergence of evidence-based criteria (Wilson 
& Jungner) and evidence-based medicine led to an insistence on 
experimental methodology (randomized trials) as essential for 
establishing cancer screening policy.

•  The history of cancer screening research reveals…
• Over many years, observational studies commonly provided persuasive 

evidence supporting the effectiveness of screening. 
• For breast, colorectal, prostate, and lung, prospective randomized trials with 

mortality endpoints have provided reassuring evidence of the efficacy of 
screening to the range of groups who shape policy.



Conclusions
• However, against the background of promising evidence and the burden of 

disease, RCTs:
• Have taken too long to initiate and launch, are too expensive, require long periods of 

enrollment, screening rounds, and follow-up, and are vulnerable to loss of statistical 
power, loss of relevance, and disagreement over the interpretation of findings

• Some of these shortcomings can be remedied.

• The delays in time from confirming the efficacy of a screening test to: 
publication—guidelines—insurance coverage--and widespread adoption 
represent a glaring public health failure, one that we repeat over and over

• We should reflect on the progress over the last 100 yrs, and resolve to (1) 
shorten the time to initiation of promising research,  (2) evolve new 
experimental methodologies to shorten the duration of research studies, 
and (3) plan in advance for implementation if findings are favorable.



Thank you
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