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In his correspondence, Dr. Garner discusses the implications 
of evaluating dual stain (DS) performance in a population of 
human papillomavirus (HPV)–positive women rather than a 
general screening population. He raises an important point 
about the population risk and the portability of clinical test per-
formance estimates. We disagree, however, with his conclusion 
that our analysis is biased.

The restriction of our analysis to HPV-positive women is sup-
ported by the underlying natural history of cervical cancer. HPV 
infection is the necessary cause of almost all cervical cancers; 
screening is increasingly shifting to primary HPV testing (1,2). 
HPV-negative women are at very low risk of cervical cancer, 
allowing extending screening intervals (3). However, the major-
ity of HPV infections disappear after a short period of time. The 
goal of triage assays is to find women at highest risk of precancer 
among HPV-positives (4). We can restrict the triage test to HPV-
positive women and thereby focus our efforts on the approxi-
mately 10% of the screened population that includes almost 
all women with disease, rather than doing a second test on all 
women undergoing screening (Figure 1). This step-wise approach 
is a fundamental principle of many screening approaches with 
smaller populations and higher risk of disease at each step.

As outlined by Dr. Garner, we evaluated a combination of 
HPV testing and DS, using the logical operator “AND,” and the 
sequence of HPV testing followed by DS (5). It is well known 
that PPV and NPV are dependent on prior risk and cannot be 
compared between populations with different risk levels (6). 
Dr. Garner’s example nicely demonstrates that text book teach-
ing about the portability of sensitivity and specificity estimates 
between populations does not hold up: The specificity of DS 
strongly differs dependent on the population to which the assay 
is applied.

But the example also shows differences in the cNPV between 
the estimates among HPV-positives and the whole screen-
ing population that is relevant for downstream management 
(Figure  1): The risk of CIN2+ in HPV-positive, dual stain–nega-
tive women is much higher (cNPV = 3.6%) than the risk in all 

HPV-negative women (about 0.4% [3]), suggesting that a shorter 
follow-up than a regular screening interval is required. In con-
trast, the population risk among the DS-negatives in Dr. Garner’s 
example is 0.31%, suggesting that regular screening intervals 
would be sufficient. Thus, the population estimates presented 
by Dr. Garner cannot be used to make recommendations for 
management of HPV-positive women.

The two clinical performance estimates in Dr. Garner’s table 
address different questions. The population-wide analysis rep-
resents a programmatic perspective, combining the screening 
and triage steps into a single estimate. The analysis restricted 
to HPV-positive women represents the clinical perspective, 
addressing the question about who among the HPV-positives 
requires colposcopy and how long test intervals among 
DS-negatives can be. Both evaluations are valid, but the choice 
of analysis depends on the underlying question.

The important message is that biomarker performance 
estimates may not be portable between populations with very  
different baseline risks, and caution is warranted when using 
external estimates to develop guidelines and inform clinical 
management.
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Figure 1. The figure shows an idealized scenario of a screening and triage strategy to detect cervical precancers. All women are tested for human papillomavirus 

(HPV) and triage testing is restricted to HPV-positives. Gray women represent HPV-negative women. Blue women are HPV-positive but negative for the triage marker 

and do not have precancer. Purple women are HPV-positive and test positive for the triage marker. The black woman is positive for HPV and the triage marker and is 

diagnosed with precancer. On the left side, the absolute risk estimates after testing for DS (positive predictive value and complement of the negative predictive value) 

are shown for the full population as described by Dr. Garner (1). On the right side, the risk estimates are shown for the group of HPV-positive women as published in 

our paper (3). Clinical management thresholds are shown in relationship to the absolute risk estimates. In this idealized scenario, women testing negative for HPV but 

positive for the triage marker are not shown, as they would not be identified in the sequential testing strategy. cNPV = complement of the negative predictive value; 

PPV = positive predictive value.
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