
Estimating cancer screening sensitivity and specificity using 
healthcare utilization data: defining the accuracy assessment 
interval

Jessica Chubak1,2, Andrea N. Burnett-Hartman3,4, William E. Barlow5, Douglas A. Corley6, 
Jennifer M. Croswell7, Christine Neslund-Dudas8, Anil Vachani9, Michelle I. Silver10, 
Jasmin A. Tiro11,12, Aruna Kamineni1

1Kaiser Permanente Washington Health Research Institute, Seattle, WA

2Department of Epidemiology, University of Washington, Seattle, WA

3Kaiser Permanente Colorado Institute for Health Research, Aurora, CO

4Public Health Sciences Division, Fred Hutchinson Cancer Research Center, Seattle, WA

5Cancer Research and Biostatistics, Seattle, WA

6Kaiser Permanente Northern California, Oakland, CA

7National Cancer Institute, Bethesda, MD

8Department of Public Health Sciences and Henry Ford Cancer Institute, Henry Ford Health 
System, Detroit, MI

9Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA

10Division of Public Health Sciences, Washington University School of Medicine, St. Louis, MO

11Department of Population and Data Sciences, University of Texas Southwestern Medical 
Center, Dallas, TX

12Simmons Comprehensive Cancer Center, Dallas, TX

Abstract

The effectiveness and efficiency of cancer screening in real-world settings depend on many 

factors, including test sensitivity and specificity. Outside of select experimental studies, not 

everyone receives a gold standard test that can serve as a comparator in estimating screening 

test accuracy. Thus, many studies of screening test accuracy use the passage of time to infer 

whether or not cancer was present at the time of the screening test, particularly for patients with 

a negative screening test. We define the accuracy assessment interval as the period of time after 

a screening test that is used to estimate the test’s accuracy. We describe how the length of this 

interval may bias sensitivity and specificity estimates. We call for future research to quantify bias 

and uncertainty in accuracy estimates and to provide guidance on setting accuracy assessment 

interval lengths for different cancers and screening modalities.
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Epidemiologists have an important role in evaluating healthcare interventions, such as 

screening. The effectiveness and efficiency of cancer depends on many factors, including 

test sensitivity and specificity. Estimating screening test sensitivity and specificity using 

observational data deserves greater attention in the epidemiologic literature, particularly with 

respect to a concept that we herein define as the accuracy assessment interval.

To estimate sensitivity and specificity, a perfect gold standard test would, ideally, be 

administered to everyone at the same time as the screening test being evaluated. However, 

this usually does not occur in practice. With an invasive test (e.g., biopsy) as the gold 

standard, only persons who screen positive are likely to have screening results verified, 

which can lead to verification bias (1, 2). Studies of screening test accuracy often use the 

passage of time to infer whether or not cancer was present at the time of the screening 

test, particularly for patients with a negative screening test (2–4). This is an example 

of differential verification bias: some people receive a gold standard test (i.e., biopsy or 

imaging), while others receive an imperfect referent standard (i.e., presence or absence of a 

cancer diagnosis during a particular time interval) (5). We define the accuracy assessment 
interval as the period of time after a screening test that is used to estimate its accuracy. 

In this commentary, we explore how the length of the accuracy assessment interval may 

contribute to bias in estimates of screening test sensitivity and specificity.

The chosen length of the accuracy assessment interval can affect accuracy estimates, 

especially sensitivity. For example, Hofvind et al. estimated sensitivity of mammography 

using 2-year and 1-year follow-up intervals (74.9% vs 82.0%, respectively) (6). There were 

no differences in specificity. In a study of hemoccult testing for colorectal cancer, Allison et 

al. reported sensitivities of 50%, 43%, and 25% using 1-year, 2-year, and 4-year follow-up 

periods, respectively (7). Specificity did not differ meaningfully among the follow-up period 

(98.8% for 1-year and 2-year follow-up periods and 98.7% for 4-year follow-up period). 

Others have noted that the “optimal duration of follow-up has not been standardized”(4) 

and that short follow-up intervals might miss cancers that were truly present at screening 

while long intervals might include cancers that developed after screening (4, 8). But to our 

knowledge, this issue has not been addressed in detail. We posit that one should attempt 

to select an accuracy assessment interval, or intervals, that will help them most accurately 

estimate the screening test’s true sensitivity and specificity. Ideally, the accuracy assessment 

interval is long enough such that any cancer present at the time of screening will be 

diagnosed during the interval, while also short enough that new cancers are unlikely to 

develop, be detected during the interval, and be falsely classified as having been present at 

the time of the screening exam. For example, if the accuracy assessment interval for FIT is 

set to 2 years, we would want the following conditions to be met:

1. If a person does not truly have cancer at the time of a screening FIT, the person 

will not develop cancer and be diagnosed within 2 years.
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2. If a person truly has cancer at the time of a screening FIT, the cancer will be 

diagnosed within 2 years.

It is unlikely that all these conditions will be met for everyone included in an analysis and 

there will therefore be error in the estimates of sensitivity and specificity; thus, the question 

becomes how to minimize these errors. Table 1 shows screening test classification based 

on observed data (i.e., screening test result and accuracy assessment interval classification) 

and the truth. Classification according to these three factors allows us to conceptualize 

screening test results as: correct true positives (cTP), incorrect true positives (iTP), correct 

false positives (cFP), incorrect false positives (iFP), correct true negatives (cTN), incorrect 

true negatives (iTN), correct false negatives (cTN), and incorrect false negatives (iFN). 

The terms correct vs. incorrect describe the agreement between the assessment interval 

classification and the truth. Positive vs. negative refer to the screening test result. True vs. 

false describe agreement between the screening test results and the accuracy assessment 

interval classification. For example, a person with a negative FIT who is not diagnosed with 

cancer during the accuracy assessment interval (e.g., 2 years) is a correct true negative if 

cancer was truly absent at the time of the negative FIT and an incorrect true negative if 

cancer was truly present at the time of the FIT. A person with a positive FIT who is not 

diagnosed with cancer during the accuracy assessment interval is a correct false positive if 

cancer was truly absent at the time of the negative FIT and in incorrect false positive if 

cancer was truly present at the time of the FIT.

Observed sensitivity and specificity depend, in part, on the relative frequency of different 

types of errors (i.e., misclassifying false positives as true positives [cFP→iTP], true 

positives as false positives [cTP→iFP], false negatives as true negatives [cFN→iTN], and 

true negatives as false negatives [cTN→iFN]) as given by the equations below.

Sensitivityobserved = cTP + iTP
cTP + iTP + cFN + iFN

Specificityobserved = cTN + iTN
cTN + iTN + cFP + iFP

There are tradeoffs associated with lengthening and shortening the accuracy assessment 

interval. With a longer accuracy assessment interval, we are more likely to correctly classify 

a cancer that is present at the time of the screening test as “present.” Some negative 

screening tests shift from being classified as true negatives to false negatives (which 

decreases estimated sensitivity and specificity) and some positive screening tests shift from 

being classified as false positives to true positives (which increases estimated sensitivity and 

specificity). For example:

• Increasing the length of the accuracy assessment interval risks misclassifying 
TNs as FNs (cTN→iFN) and misclassifying FPs as TPs (cFP→iTP). As a 

result, we might mistakenly conclude that new cancers developing during the 

accuracy assessment interval had been present at the time of the screening test.
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• Increasing the length of the accuracy assessment interval helps correctly identify 
FNs (i.e., iTN→cFN) and correctly identify TPs (i.e., iFP→cTP). Having a 

longer accuracy assessment interval helps identify cancers that were truly present 

at the time of the screening test.

The reverse occurs as the length of the accuracy interval is shortened. There is, thus, 

an inherent tradeoff between lengthening vs. shortening the accuracy assessment interval. 

Table 2 and Supplementary Figure 1 show the complexity of potential problems caused by 

accuracy assessment intervals that are too long or too short.

Table 3 presents a hypothetical example showing how changing the accuracy assessment 

interval can affect estimates of sensitivity and specificity. In this hypothetical population 

with a 1% cancer prevalence, true sensitivity and specificity are, respectively, 80.0% and 

98.0%. We assume that during a 6-month accuracy assessment interval, 0.02% of cancer-free 

people develop and are diagnosed with cancer and that 70% who screened positive receive 

a cancer-confirming follow-up test. We assume that during a 12-month accuracy assessment 

interval 0.05% of cancer-free people develop and are diagnosed with cancer and that 

90% who screened positive received a cancer-confirming follow-up test. In this particular 

hypothetical example, the estimates of specificity are quite similar (and close to the truth) 

for both accuracy assessment intervals. Sensitivity is underestimated using both accuracy 

assessment intervals, but to a greater degree with the shorter accuracy assessment interval. 

Different assumptions would yield different patterns; thus, the table is intended primarily to 

show that different accuracy assessment intervals can indeed give rise to different accuracy 

estimates.

Studies that compute sensitivity based on cancers diagnosed between screening rounds (9–

14) implicitly use the screening interval as the accuracy assessment interval. This approach 

is intuitive and reasonable, but it may not always be the best choice. Apparent interval 

cancers (i.e., those that occur after a negative screening test and before the next screening 

test) likely include both those that were missed at a screening test (false negatives) as 

well as de novo cancers. Thus, although the observed interval cancer rate is an important 

screening quality measure, it is not a pure measure of test sensitivity and may also have 

limitations with respect to computing specificity. Thus, the screening interval and accuracy 

assessment interval need not be the same length. They are distinct concepts that serve 

different purposes. However, setting the accuracy interval to be the same as the screening 

interval may have some advantages, including increasing the likelihood that a cancer missed 

by the first screening test will be diagnosed (i.e., that false negatives are correctly classified 

as such rather than misclassified as true negatives). Future work should comprehensively 

(and quantitatively) evaluate the benefits and drawbacks of using the screening interval 

as the accuracy assessment interval. Factors to consider include adherence (particularly 

differential adherence) to screening guidelines, disease natural history, and the implications 

of different screening intervals across screening modalities for a particular cancer.

There is need for guidance in the literature about how to set the length of the accuracy 

assessment interval. Doing so requires information or assumptions about: 1) how rapidly 

most new cancers develop; 2) how long it takes new cancers to become symptomatic and/or 
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detectable; 3) if/when people will present for follow-up testing after a positive screen and for 

diagnostic testing if cancer symptoms are present, 4) the recommended screening interval, 

and 5) rates of loss to follow-up. Many nuances need consideration, such as how to establish 

accuracy assessment interval(s) when comparing different screening modalities (e.g., FIT 

versus screening colonoscopy; Pap test alone versus co-testing with Pap and HPV testing).

We acknowledge that there is unlikely to be a perfect accuracy assessment interval for a 

particular screening test. For example, three years might be within the time frame needed 

to detect missed cancers but past the point at which some new cancers develop. Ultimately, 

setting the length of the accuracy assessment interval is a decision based on weighing these 

tradeoffs. Future studies (both empirical and simulation based) should investigate how to 

correct for bias and incorporate uncertainty in estimates due to the inherent challenges in 

having to artificially set an accuracy assessment interval. Existing research on verification 

bias and imperfect gold standards (15) may help epidemiologists develop guidance and 

tools to set accuracy assessment intervals and quantify the resulting bias and uncertainty in 

sensitivity and specificity estimates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 3.

Hypothetical example of the impact on estimated sensitivity and specificity of using different accuracy 

assessment interval lengths

Unobserved truth

Cancer No cancer Total

Screen + 8 20 28

Screen − 2 970 972

Total 10 990 1000

Sensitivity 80.0%

Specificity 98.0%

Observed with 6-month accuracy assessment interval

Cancer No cancer Total TP misclassified as FP 2.400

Screen + 5.604 22.396 28 TN misclassified as FN 0.194

Screen − 2.194 969.806 972 FP misclassified as TP 0.004

Total 7.798 992.202 1000 FN misclassified as TN 0

Sensitivity 71.9%

Specificity 97.7%

Observed with 12-month accuracy assessment interval

Total Cancer No cancer Total TP misclassified as FP 0.800

Screen + 7.210 20.790 28 TN misclassified as FN 0.485

Screen − 2.485 969.515 972 FP misclassified as TP 0.010

Total 9.695 990.305 1000 FN misclassified as TN 0

Sensitivity 74.4%

Specificity 97.9%

FP=false positive; FN=false negative; TP=true positive; TN=true negative

1
We assume that during a 6-month accuracy assessment interval, 0.02% of the no-cancer group develops and is diagnosed with cancer and that 

70% of the screen-positive group receives a cancer-confirming follow-up test.

2
We assume that during a 12-month accuracy assessment interval 0.05% of the no-cancer group develops and is diagnosed with cancer and that 

90% of the screen-positive group receives a cancer-confirming follow-up test.
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