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Background: The number needed to biopsy (NNB) ratio for melanoma diagnosis is calculated by dividing
the total number of biopsies by the number of biopsied melanomas. It is the inverse of positive predictive
value (PPV), which is calculated by dividing the number of biopsied melanomas by the total number of
biopsies. NNB is increasingly used as a metric to compare the diagnostic accuracy of health care
practitioners.

Objective: To investigate the association of NNB with the standard statistical measures of sensitivity and
specificity.

Methods: We extracted published diagnostic accuracy data from 5 cross-sectional skin cancer reader
studies (median [min-max] readers/study was 29 [8-511]). Because NNB is a ratio, we converted it to PPV.

Results: Four studies showed no association and 1 showed a negative association between PPV and
sensitivity. All 5 studies showed a positive association between PPV and specificity.

Limitations: Reader study data.

Conclusions: An individual health care practitioner with a lower NNB is likely to have a higher specificity
than one with a higher NNB, assuming they practice under similar conditions; no conclusions can be made
about their relative sensitivities. We advocate for additional research to define quality metrics for melanoma

detection and caution when interpreting NNB. (J Am Acad Dermatol 2020;83:780-7.)
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he health and economic burden of skin

cancer in the United States is high and rapidly

increasing. From 2007 to 2011, approxi-
mately 5 million adults were treated for skin cancer
annually, with average treatment costs of $8.1 billion
each year.' To combat rising costs, there is a growing
interest in using skin cancer diagnostic accuracy as a
value-based performance measure.” The most
commonly used metric to assess the diagnostic
accuracy of health care practitioners (HCPs) in skin
cancer recognition, particularly for cutaneous

melanoma, is the number needed to biopsy (NNB)
ratio. The NNB ratio is calculated by dividing the total
number of biopsies by the number of biopsied
melanomas: NNB = (true positives + false posi-

tives)/true positives.
The NNB ratio is closely related to positive

predictive value (PPV), which represents the same
underlying data as a proportion and is a more
formally recognized statistical measure. PPV repre-
sents the proportion of biopsied lesions that are, in
fact, melanomas and is calculated by dividing the
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number of biopsied melanomas by the total number
of biopsies: PPV = true positives/(true
positives + false positives); it is also the mathemat-
ical inverse of NNB. At least 3 different melanoma-
specific NNB metrics have been reported in the
literature: (1) including all biopsied tumors, (2)
including only biopsied melanocytic tumors after
pathologic review, and (3)
including only those bio-
psied lesions submitted with
clinical concern for mela-
noma. The NNB ratio has
also been reported for non-
melanoma skin cancer (e,
dividing the total number of
biopsies by the number of
biopsied nonmelanoma skin
cancers) as well as for all skin
cancer (ie, dividing the total
number of biopsies by the
number of biopsied skin
malignancies).”

It has been stated that “the NNB [ratio]. . . is an
indicator of diagnostic sensitivity [for melanomal. .
PO vy Jower NNB [ratio] implies a higher skill
level at discerning suspicious lesions on examina-
tion,”*P37Y and that the NNB ratio is “one of the most
useful metrics for measuring accuracy in melanoma
detection. . . ."*P*> Based on these assumptions, the
NNB ratio has been used to directly compare skin
cancer diagnostic accuracy across provider types.”*’
It has also been used to justify the consideration of
restricting the performance of biopsies for skin cancer
to individual clinicians with lower NNB ratios to
reduce health care costs.” However, there is limited
evidence directly associating lower individual pro-
vider NNB ratios with better melanoma diagnostic
accuracy, improved patient outcomes, or lower
health care costs. In fact, the relationship between
the NNB ratio and standard metrics of diagnostic
accuracy, such as sensitivity (ie, the true positive rate,
which is defined as the proportion of melanomas that
undergo skin biopsy, or true positives/[true
positives + false negatives]) and specificity (ie, the
true negative rate, which is defined as the proportion
of benign lesions that do not undergo skin biopsy, or
true negatives/[true negatives + false positives)), is
not well studied.

METHODS

Our primary objective was to investigate the
association of the NNB ratio with sensitivity and
specificity. We used existing data from 3 previously
published skin cancer reader studies (Tables I and
1D.%" Each individual study underwent requisite

CAPSULE SUMMARY

» We found that the number needed to set of 1511 images that
biopsy (NNB) ratio is associated with
specificity but not sensitivity in
melanoma diagnosis.

An individual health care practitioner
with a lower NNB is likely to have a
higher specificity than one with a higher
NNB, but no conclusions can be made
about their respective sensitivities.

Marchetti et al 781

institutional review board approval. In the 2018
Marchetti et al study,” 8 dermatologists examined
100 dermoscopy images (50 nevi/lentigines, 50
melanomas). In the 2020 Marchetti et al study,’
8 dermatologists and 9 dermatology residents
evaluated 150 dermoscopy images (50 nevi, 50
melanomas, 50 seborrheic keratoses). In the
Tschandl et al study,'’ 511
readers examined random-
ized batches of 30 dermo-
scopy images from a larger

included nevi, melanomas,
vascular lesions, dermatofi-
bromas, benign keratinocytic
lesions, intraepithelial carci-
nomas, and basal cell carci-
nomas. In each individual
study, human readers and
participants provided written
consent to allow analysis of
their ratings.

We also extracted data from 2 published contem-
porary melanoma reader studies'""'* using validated
graph digitizer software to estimate the original (x, )
data from the image of a scanned graph.'’ These
studies were similar in their objective and method-
ology to our previous studies in that the performance
of human readers was being compared against
computer algorithms. Monheit et al'' examined 39
dermatologists evaluating 50 clinical and dermo-
scopy images (25 melanomas, 25 nevi). Ferris
et al'” examined 30 readers evaluating 65 dermo-
scopy images (25 melanomas, 40 benign lesions
[nevi, lentigines, seborrheic keratoses]); we success-
fully extracted data for 29 of these 30 readers. To
determine the validity of our extracted data, we
averaged the estimated individual reader sensitivity
and specificity values and compared those to the
published data in these studies; in both studies, our
estimated data matched the published average
reader values within 1 decimal place (data not
shown).

We plotted sensitivity and specificity versus PPV
for 604 readers from the 5 cohorts and used separate
least-squares regressions to evaluate relationships at
the published malignancy prevalence for each indi-
vidual study. Because of the heterogeneity across
studies with regard to types of images (clinical versus
dermoscopy), data set composition by diagnoses,
and setting, we did not aim to aggregate results using
a summary least-squares regression line. We defined
sensitivity as the proportion of malignant lesions
that were rated by a reader as malignant—that is,
sensitivity = true positives/(true positives + false
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Abbreviations used:

HCP: health care practitioner
NNB: number needed to biopsy
PPV:  positive predictive value

negatives). We defined specificity as the proportion
of benign lesions that were rated by a reader as
benign: specificity = true negatives/(true negatives
+ false positives). We used PPV instead of NNB for
all analyses because PPV is a standard statistical
metric and ranges from 0 to 1. We defined PPV as the
proportion of lesions rated by a reader as malignant
that were truly malignant: PPV = true positives/(true
positives + false positives).

Because the malignancy prevalence varied be-
tween studies (min-max: 33%-51%) and was higher
than observed in clinical practice, we also examined
the resultant relationships between PPV and both
sensitivity and specificity on theoretical samples of
1000 lesions by transposing the sensitivity and
specificity characteristics from the 5 cohorts. These
relationships were evaluated at a constrained malig-
nancy prevalence of 5%, 1%, and 0.1%, respectively.
In other words, we took the sensitivity and specificity
of each individual reader within each study and
applied these values to theoretical samples of 1000
lesions with a malignancy prevalence of 5%, 1%, and
0.1%. Separate least-squares regressions were esti-
mated for each cohort/prevalence scenario, along
with 95% confidence intervals. The slope coefficient
for the least-squares regression line reflects the
change in y (sensitivity or specificity) for every unit
increase in x (PPV). Horizontal slopes (ie, slopes
close to zero) indicate little or no association be-
tween variables, whereas larger positive or negative
values indicate direct or inverse relationships,
respectively. We used a prespecified alpha value of
.05. Analyses were performed using Stata,
version14.2 (Stata Corporation, College Station, TX).

RESULTS

The 5 studies had a median (min-max) number of
readers per study of 29 (8-511); of the 604 readers
included, 350 were dermatologists, 137 were resi-
dents, 83 were general practitioners, 27 were not
specified, and 8 were physician assistants. Two
studies included readers exclusively from the
United States, and 3 studies included readers from
multiple countries. The median (min-max) number
of lesions per study was 100 (50-1511). In 4 studies,
the malignant lesions were solely of melanomas, and
in 1 study, they were composed of melanomas, basal
cell carcinomas, and intraepithelial carcinomas. The
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median (min-max) malignancy prevalence in each
study was 38% (33%-51%). The median (min-max)
sensitivity and specificity of readers across studies
were  76% (65%-82%) and 60% (43%-78%),
respectively.

At the published malignancy prevalence of each
study, the slope coefficients for sensitivity versus
PPV were —0.49 (P = .20), —1.31 (» = .001), —0.10
P =.90), 0.03 (P =.97), and 0.10 (P = .04) (Table I
and Fig 1); thus, 3 studies showed no association
between sensitivity and PPV, 1 showed a positive
association, and 1 showed a negative association.

With a a constrained malignancy prevalence of
5%, 1%, and 0.1%, 4 studies showed no association,
and 1 showed a negative association (Table D).

Regarding specificity versus PPV, at the published
malignancy prevalence of each study, the slope
coefficients were 2.67 (P < .001), 2.31 (P < .00D),
1.65 (P = .016), 1.11 (£ = .001), and 0.64 (P < .001)
(Table 1I and Fig 2); thus, all 5 studies showed a
positive association between PPV and specificity.
Similarly, using a constrained malignancy preva-
lence of 5%, 1%, and 0.1%, all 5 studies showed a
positive association between PPV and specificity
(Table ID.

DISCUSSION

Here, we analyzed the relationships between
HCPs’ PPV and both sensitivity and specificity within
5 studies that differed in reader composition, data set
size, lesion diagnoses, setting, and image types.
Despite notable study heterogeneity, we found that
as the NNB ratio decreased among readers, there was
a strong and statistically significant increase in
specificity in all 5 studies, both at the published
malignancy prevalence and at lower malignancy
prevalence values that are more similar to those of
clinical practice. Regarding sensitivity, we observed
that for most of the studies, as the NNB ratio
decreased among readers, reader sensitivity did not
increase or decrease; in other words, there was no
association between the NNB ratio and sensitivity.
However, in 1 study, we found that as the NNB ratio
decreased, sensitivity decreased among readers; this
relationship remained significant at a lower malig-
nancy prevalence of 5%, 1%, and 0.1%. As a result,
further research is needed to investigate the relation-
ship between NNB ratio and sensitivity.

Through the lens of population health, our results
suggest that the NNB ratio may be a useful metric to
compare the melanoma diagnostic accuracy of large
groups of HCPs who practice under similar condi-
tions and examine patients with comparable charac-
teristics and prevalence of melanoma. Under these
explicit assumptions, our data suggest that groups



Table 1. Association between sensitivity and positive predictive value by study

Data as observed in publication

Adjusted malignancy
prevalence of 5%

Adjusted malignancy
prevalence of 1%

Adjusted malignancy
prevalence of 0.1%

Average Average Average Positive Slope Slope Slope Slope
Authors sensitivity  specificity malignancy predictive coefficient* P coefficient' P coefficient' P coefficient' P
(year) Number of readers (SD) (SD) prevalence value (95% CI) value (95% CI) value (95% CI) value (95% CI) value
Monheit 39 Dermatologists 0.78 (0.13) 0.43 (0.18) 0.50 0.58 —0.49 .20 —1.59 24 —7.20 .25 —70.53 .25
et al (—1.26 to 0.27) (—4.31 to 1.13) (—19.70 to 5.28) (—193.0
o1m" to 51.99)
Ferris 12 Dermatologists 0.71 (0.15) 0.58 (0.18) 0.38 0.53 —1.31 .001 —3.88 .001 —-17.12 001 —166.36 .001
et al 10 Residents* (—2.01 to —0.60) (—5.93 to —1.82) (—26.20 to —8.05) (—254.56
(2015)'* 8 Physician to —78.18)
assistants
Marchetti 8 Dermatologists  0.82 (0.11) 0.60 (0.13) 0.51 0.69 —0.10 .90 -1.13 .70 —4.99 .66 —48.54 .66
et al (—1.84 to 1.64) (—7.10 to 4.83) (—31.59 to 21.60) (—307.68
(2018)° to 210.60)
Marchetti 8 Dermatologists  0.65 (0.17) 0.75 (0.09) 0.33 0.57 0.03 .97 0.02 .99 0.03 .99 0.19 .99
et al 9 Residents (—1.49 to 1.54) (—3.66 to 3.69) (—15.53 to 15.59) (—149.50
(2019)° to 149.88)
Tschandl 283 Dermatologists 0.76 (0.13) 0.78 (0.11) 0.36 0.67 0.10 .04 —0.001 .98 0.24 33 —7.20 25
et al 118 Residents (0.01 to 0.19) (—0.09 to 0.09) (—=0.19 to 0.67) (=19.70
(2019)'° 83 General to 5.28)

practitioners
27 Not specified

Cl, Confidence interval; SD, standard deviation.
*Slope coefficient for the association between sensitivity and positive predictive value based on the malignancy prevalence observed in the article.
tSlope coefficient for the association between sensitivity and positive predictive value based on an adjusted malignancy prevalence.
*Unable to extract data from 1 reader.
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Fig 1. Scatterplot of sensitivity by positive predictive value for all 5 cohorts (Monheit et al,
2011""; Ferris et al, 2015'% Marchetti et al, 2018” Marchetti et al, 2019”; and Tschandl et al,
2019'%). Each circle represents the performance of an individual reader. Stratified least-squares
regression lines are added to plot the individual associations for each data set at the published
malignancy prevalence. Dotted lines correspond to the association between sensitivity and
positive predictive value, for the constituent data sets, if the prevalence of malignancy

decreases to 5%.

with a lower average NNB ratio may have
superior melanoma diagnostic accuracy than groups
with a higher average NNB ratio. This difference is
due to greater specificity and likely equivalent
sensitivity.

Our data also suggest that the NNB ratio can be a
problematic metric to compare the diagnostic accu-
racy of individual HCPs for melanoma. Although an
individual HCP with a lower NNB is likely to have a
higher specificity than an individual with a higher
NNB (assuming they evaluate similar patient pop-
ulations, particularly with regard to melanoma prev-
alence), one cannot infer their respective sensitivities
in melanoma diagnosis. Our data show that HCPs
with similar NNB ratios exhibit a wide variation in
sensitivity for skin cancer detection. Thus, health
care policies that restrict the performance of skin
biopsies based on NNB ratios may have untoward
consequences by excluding HCPs with high sensi-
tivity for melanoma diagnosis. Scrutiny of HCPs with
outlier NNB ratios (ie, very low or high) may be
aided by additional metrics, such as the ratio of in situ
to invasive melanoma, median Breslow thickness of
diagnosed invasive melanomas, or overall biopsy
use per patient encounter.'”

More concerningly, the NNB ratio is used to
compare the performance of individual HCPs who
practice in diverse settings and environments. Such
comparisons are invalid and should be viewed with
caution. The NNB ratio reflects a complex interplay
of disease prevalence, diagnostic accuracy, and the
applied threshold for diagnostic sensitivity used in
clinical practice.'™'® The inherent tradeoff between
sensitivity and specificity dictates that 2 HCPs with
identical accuracy but different thresholds of
sensitivity will have discordant NNB ratios.
Furthermore, HCPs who examine populations that
differ in disease prevalence will have discordant
NNBs, as increased disease prevalence directly leads
to higher PPV.

If NNB ratios become value-based performance
metrics of individual HCPs, what may be the possible
effects of pressure or incentives to lower melanoma
NNB values? Given the tradeoff between sensitivity
and specificity, an individual provider may increase
his or her specificity at the expense of sensitivity to
lower the NNB. Although this would reduce unnec-
essary biopsies of benign lesions, it might also lead
to missed melanomas. Two studies have artificially
modeled the potential economic tradeoffs associated



Table II. Association between

specificity and positive predictive value by study

Data as observed in publication

Adjusted malignancy
prevalence of 5%

Adjusted malignancy
prevalence of 1%

Adjusted malignancy
prevalence of 0.1%

Average Average Average Positive Slope Slope Slope Slope
Author Number of sensitivity specificity malignancy predictive coefficient* coefficient' coefficient! coefficient!
(year) readers (SD) (SD) prevalence value (95% CD P value (95% CD P value (95% CD P value (95% CD P value
Monheit 39 Dermatologists  0.78 (0.13) 0.43 (0.18) 0.50 0.58 2.67 <.001 9.18 <.001 41.94 <.001 410.92 <.001
011" (2.06-3.29) (6.86-11.51) (31.18-52.70) (305.13-516.71)
Ferris 12 Dermatologists  0.71 (0.15) 0.58 (0.18) 0.38 0.53 2.31 <.001 6.56 <.001 28.75 <.001 278.8 <.001
(2015)'” 10 Residents* (1.84-2.78) (5.05-8.08) (21.91-35.60) (211.95-345.71)
8 Physician
assistants
Marchetti 8 Dermatologists 0.82 (0.11) 0.60 (0.13) 0.51 0.69 1.65 .016 6.42 .003 28.52 .003 277.54 .003
(2018)® (0.43-2.88) (3.25-9.59) (14.12-42.91) (136.71-418.36)
Marchetti 8 Dermatologists 0.65 (0.17) 0.75 (0.09) 0.33 0.57 1.1 .001 2.64 .001 11.11 .001 106.72 .001
(2019)° 9 Residents (0.56-1.67) (1.26-4.01) (5.23-16.99) (50.04-163.41)
Tschandl 283 Dermatologists 0.76 (0.13) 0.78 (0.11) 0.36 0.67 0.64 <.001 1.02 <.001 3.09 <.001 26.40 <.001
(2019)'° 118 Residents (0.59-0.69) (0.96-1.08) (2.86-3.31) (24.37-28.42)

83 General
practitioners
27 Not specified

Cl, Confidence interval; SD, standard deviation.
*Slope coefficient for the association between specificity and positive predictive value based on the malignancy prevalence observed in the article.
tSlope coefficient for the association between specificity and positive predictive value based on an adjusted malignancy prevalence.

*Unable to extract data from 1 reader.
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Fig 2. Scatterplot of specificity by positive predictive value for all 5 cohorts (Monheit et al,
2011'"; Ferris et al, 2015'% Marchetti et al, 2018 Marchetti et al, 2019”; and Tschandl et al,
2019'). Each circle represents the performance of an individual reader. Stratified least-squares
regression lines are added to plot the individual associations for each data set at the published
malignancy prevalence. Dotted lines correspond to the association between specificity and
positive predictive value, for the constituent data sets, if the prevalence of malignancy

decreases to 5%.

with the vyield of biopsy rates and concluded
that relatively higher NNBs (170-562) could hypo-
thetically lower health care costs due to earlier
diagnoses of melanoma; both studies are limited by
the underlying assumptions in their models, partic-
ularly that high NNB ratios are associated with high
sensitivity for melanoma.'”'? More likely, improved
training or adoption of diagnostic aids (eg, dermo-
scopy, total body photography, reflectance confocal
microscopy, molecular adhesive tape tests, and/or
artificial/augmented intelligence) that fundamentally
improve an individual HCP’s sensitivity and speci-
ficity could be alternative strategies to improve
outcomes or lower costs, if proven through
well-designed clinical studies. In fact, specialized
surveillance centers using dermoscopy, total body
photography, and sequential digital dermoscopic
imaging may be more cost effective in the treatment
of individuals at high risk of melanoma because of
detection of melanoma at earlier stages and lower
overall excision rates (ie, they are associated with
high sensitivity, high specificity, and low NNB
ratios)."”

A limitation of our study is that the data originate
from reader studies performed in artificial settings,
which may not accurately reflect a clinical setting and

do not generally incorporate factors beyond
morphology that aid in diagnosis (ie, lesion symp-
toms, patient history). This is notable for (1) speci-
ficity, which is >99% in clinical practice because
hundreds of lesions are evaluated for every lesion
biopsied, and (2) data set composition, which is
enriched for malignancy in reader studies. To poten-
tially address some of these limitations, we explored
what would happen to the results at lower malig-
nancy prevalence values that correspond to clinically
relevant NNB ratios (ie, 5-20). However, measuring
skin cancer diagnostic accuracy, particularly sensi-
tivity, in a cross-sectional clinical study remains
problematic because false negative assessments are
not characterized. Reader studies are accepted as
proxy estimations of diagnostic accuracy, including
by the US Food and Drug Administration.”’ Reader
studies also limit biases inherent to comparisons of
HCPs in clinical studies in which they do not evaluate
identical patients and lesions.

Because secondary prevention of melanoma via
early detection remains an important strategy to
reduce mortality in high-risk individuals, validated
quality metrics for skin cancer detection are
important to identify. Our data suggest that NNB
is a limited surrogate for melanoma sensitivity,
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which is an important diagnostic accuracy metric.
However, the most important outcome from mel-
anoma screening is not measures of diagnostic
accuracy but the demonstration of reduced
melanoma-specific mortality. Given the heteroge-
neity in the biologic behavior of cancer, improved
identification of indolent forms of melanoma (eg,
melanoma in situ or so-called slow-growing mel-
anoma’"**) and detection of borderline tumors in
populations with low melanoma mortality may not
translate into an appreciable reduction in deaths.
For example, high sensitivity for the early diag-
nosis of atypical intraepidermal melanocytic pro-
liferation or melanoma in situ occurring on sun-
damaged skin in older individuals may lead to
more harm than good if it is associated with low
specificity and innumerable biopsies of solar
lentigines, junctional nevi, and lichen planus—like
keratoses. We advocate for additional research to
define quality metrics for skin cancer detection and
greater caution when interpreting NNB, particu-
larly for individual HCPs.
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