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Abstract

Background and Methods: The Melanoma Institute of Australia (MIA) and Memorial Sloan
Kettering Cancer Center (MSKCC) nomograms were developed to help guide sentinel lymph

node biopsy (SLNB) decisions. Although statistically validated, whether these prediction models
provide clinical benefit at NCCN guideline-endorsed thresholds is unknown. We conducted a net
benefit analysis to quantify the clinical utility of these nomograms at risk thresholds of 5-10%
compared to the alternative strategy of biopsying all patients. External validation data for MIA and
MSKCC nomograms were extracted from respective published studies.

Results: The MIA nomogram provided added net benefit at a risk threshold of 9% but net harm
at 5-8% and 10%. The MSKCC nomogram provided added net benefit at risk thresholds of 5%
and 9-10% but net harm at 6-8%. When present, the magnitude of net benefit was small (1-3 net
avoidable biopsies per 100 patients).

Conclusion: Neither model consistently provided added net benefit compared to performing
SLNB for all patients.

Discussion: Based on published data, use of the MIA or MSKCC nomograms as decision
making tools for SLNB at risk thresholds of 5-10% does not clearly provide clinical benefit to
patients.
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Introduction:

Information provided by sentinel lymph node biopsy (SLNB) in patients with cutaneous
melanoma can provide prognostic information and guide future therapeutic decisions [1 2].
Prior studies have identified associations between SLNB positivity and clinicopathologic
factors (Breslow thickness, age, ulceration), such that these predictors are incorporated into
the National Comprehensive Cancer Network (NCCN) guidelines regarding indication for
the procedure. [3-5]. SLNB should be considered in patients with a =5% individual risk

of positivity (that is, T1b or T1a with adverse features) and offered to those with a >10%
risk of positivity (that is, T2a and above) [5]. As these risk thresholds are relatively low,
80% or more of patients who undergo SLNB will not have nodal metastasis [6]. Although
the surgical complications directly associated with SLNB are relatively minor, there may
be significant economic and clinical implications associated with doing these procedures
unnecessarily [7].

Prediction models using clinicopathological factors have been developed to further assist
clinicians when deciding whether a patient should undergo SLNB, namely the Melanoma
Institute of Australia (MIA) and Memorial Sloan Kettering Cancer Center (MSKCC)
nomograms. These models were created using large melanoma databases and each has been
externally validated in separate populations [8 9]. NCCN guidelines specifically state that
“...the likelihood of a positive SLNB may be informed by the use of optimized multivariable
nomograms/risk calculators...” [5]. These tools are available to clinicians and patients
online and provide a percent likelihood of SLN metastasis. Ideally, these models would have
high sensitivity (that is, only recommend SLNB in patients who truly have nodal metastasis)
and high specificity (that is, discourage SLNB in patients who do not have nodal metastasis).
In practice however, prediction models vary in terms of their sensitivity and specificity. A
more sensitive and less specific model may lead to unnecessary SLNB. A less sensitive

and more specific model may lead to missing nodal metastasis. This forces clinicians to
consider the trade-offs between different endpoints for these models as well as other clinical
strategies, like biopsy all or biopsy no patients.

Net benefit is a relatively novel measure that can help quantify which prediction model
best balances potential harms and benefits [10]. This is done by converting the benefits

and harms to the same scale by way of a risk threshold [11]. The net benefit of competing
models at several clinically appropriate risk thresholds (5-10% risk of nodal metastasis) can
then be compared to the net benefit of the two default strategies, SLNB for all patients

or SLNB for no patients. The strategy (biopsy based on results of prediction model(s)

vs. biopsy all patients vs. biopsy no patients) that has the highest net benefit across the
range of clinically appropriate risk thresholds should be chosen. Use of net benefit analyses
have been recommended in editorials published in leading medical journals [10 12-16]. Of
note, the net benefit calculation can identify the most optimal strategy for selecting patients
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for SLNB, but it does not address controversies of whether the SLNB procedure itself is
beneficial or the circumstances in which it should be recommended.

In this study we ascertained whether the net benefit of using the MIA or MSKCC
nomograms was greater than the net benefit of treating all patients with SLNB at the
guideline-endorsed risk thresholds. We extracted data from previous studies that externally
validated each nomogram independently and conducted a net benefit analysis to determine if
either nomogram provided additional clinical utility.

Institutional Review Board review was not required because data from validation studies are
publicly available.

MIA nomogram and validation data:

The MIA nomogram was developed in 2014 with deidentified data from the MIA

database. Patients who had undergone SLNB between 2003 and 2014 and had complete
clinicopathologic information were used to develop the nomogram (n= 3477). Only
clinicopathologic variables that were found to be predictive of SLN metastasis, based on
multivariable logistic regression, were used to develop the MIA nomogram. The predictive
variables included patient age, tumor thickness, melanoma subtype, mitoses, ulceration, and
lymphovascular invasion [9].

We extracted model classification measures from an MIA validation study conducted on a
population-based Dutch pathology database. Dutch patients with invasive melanoma who
had undergone SLNB and who met the same inclusion criteria as the MIA nomogram
development study were included in this validation study. Patient-specific probabilities were
calculated based on five of the six MIA nomogram covariates. Because the Dutch pathology
database does not track exact mitotic rate count, and this is an optional parameter in the MIA
nomogram, this variable was omitted in this validation study and predictions were made
without it [17].

MSKCC nomogram and validation data:

The MSKCC nomogram was developed in 2005 using a prospective database of all
melanoma patients undergoing SLNB biopsy at MSKCC between February 1991 and
November 2003. Patients who had complete clinicopathologic information available were
used to develop the nomogram (n=979). Only clinicopathologic variables that were found

to be predictive of SLN metastasis, based on logistic regression, were used to develop the
MSKCC nomogram. The predictive variables included patient age, Breslow thickness, Clark
level, tumor location, and presence of ulceration [8].

We extracted model classification measures from two separate validation studies. The

first study used an Italian melanoma database where patients were prospectively selected
between 1993 and 2008. Patients were included in the validation study if SLNB was
performed with the same selection criteria used at MSKCC, if all clinicopathological
variables were available, and if the SLNB technique was similar to how SLNB is performed
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at MSKCC. Patient-specific probabilities were calculated based on the five MSKCC
nomogram covariates. [18].

The second MSKCC validation study was performed on an Irish melanoma database where
all newly diagnosed patients were selected between 2006 and 2012. Inclusion criteria were
identical to the Italian validation study inclusion criteria. Patient-specific probabilities were
calculated based on the five MSKCC nomogram covariates [19].

Net benefit calculation:

Results:

We calculated net benefit as the number of patients correctly predicted to have nodal
metastasis (true positives) minus the adjusted number of patients incorrectly predicted to
have nodal metastasis (false positives), at each risk threshold (Table 1). These values are
converted to the same scale by way of the risk threshold (Equation 1, see below). The
exchange rate is derived from the threshold probability that defines a positive result. For
example, a 10% risk threshold implies that the harm of not biopsying one positive SLN is
equivalent to the harm of unnecessarily performing SLNB on nine patients without SLN
metastasis.

Net bene fit =

True positives (False positives

population population
risk threshold
— risk threshold

Xx exchange rate),
Equation 1:

)

where exchange rate = (1

The net benefit of the MSKCC and MIA nomograms and a SLNB for all strategy (100%
sensitivity; 0% specificity) were calculated at 5-10% risk thresholds [5]. The unit of net
benefit is true positives.

True/False positivity is defined for a given risk threshold. For example, at the 5% risk
threshold, a patient predicted to have 6% risk of a positive SLNB and who ultimately had

a negative SLNB would be considered a false positive. If the threshold for performing the
procedure were 10%, however, that same patient with a predicted 6% risk would not undergo
SLNB and would be classified as a true negative (Table 1).

MIA nomogram:

A total of 3049 Dutch patients met inclusion criteria in the MIA validation study. The
median Breslow thickness was 1.8mm. There were 370 (12.1%) T1, 1427 (46.8%) T2,
922 (30.2%) T3, and 330 (10.8%) T4 patients. The SLNB positivity rate was 22.7%. The
negative predictive values (NPV) at 5% and 10% risk thresholds were 91.3% and 89.9%,
respectively (Table 2).

The MIA nomogram provided added net benefit at a risk threshold of 9% but net harm

at 5-8% and 10% (Table 2 and Figure 1). For example, at a 5% risk threshold, the MIA
model accurately predicted nodal metastasis in 689 patients (true positives) and incorrectly
predicted nodal metastasis in 2337 patients (false positives). Using the model would have
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avoided SLNB in 23 patients (0.8%), and two patients with a positive node would have been
missed. This results in a net benefit of 0.1856 at a 5% risk threshold. Alternatively, simply
offering SLNB for all patients would have resulted in 691 true positives and 2358 false
positives. By definition, no patients would have avoided SLNB, so no positive nodes would
have been missed. SLNB for all at a 5% risk threshold results in a net benefit of 0.1859. At
a 10% risk threshold, the MIA model predicted 641 true positives and 1912 false positives.
Using the model would have avoided SLNB in 496 patients (16.3%), and 50 patients with a
positive node would have been missed. This results in a net benefit of 0.1405 at a 10% risk
threshold. SLNB for all patients would have resulted in 691 true positives and 2358 false
positives, with a calculated net benefit of 0.1407 at a risk threshold of 10%.

Only at the risk threshold of 9% does the MIA nomogram have added net benefit compared
to SLNB for all (+0.0006). To appreciate the magnitude of clinical benefit this provides,
we can express net benefit in terms of its ability to reduce unnecessary interventions when
the most common strategy is to biopsy all patients (that is, expressing net benefit as true
negatives rather than true positives). Thus, at a risk threshold of 9%, use of the MIA model
would be the equivalent of a strategy that reduced the number of unnecessary SLNB by
about 1 per 154 patients without missing biopsy for any patients with nodal metastasis.

MSKCC nomogram:

A combined 667 patients met inclusion criteria in the MSKCC validation studies. This
included 543 Italian patients (median age 56 years with 71 (13%) T1, 238 (43.8%) T2, 135
(24.8%) T3, 99 (18.2%) T4 patients) and 124 Irish patients (mean age 47 years and mean
Breslow thickness 2.6mm). The combined SLNB positivity rate was 25.8%. The NPVs at
5% and 10% risk thresholds were 95.7% and 90.8%, respectively (Table 3).

The MSKCC nomogram provided added net benefit at risk thresholds of 5% and 9-10% but
net harm at 6-8% (Table 3 and Figure 1). For example, at a 5% risk threshold, the MSKCC
model predicted 169 true positives and 428 false positives. Using the model would have
avoided SLNB in 70 patients (16.3%), and three patients with a positive node would have
been missed. This results in a net benefit of 0.2196 at a 5% risk threshold. Alternatively,
simply offering SLNB for all patients would have resulted in 172 true positives and 495
false positives. SLNB for all at a 5% risk threshold results in a net benefit of 0.2188. At a
10% risk threshold, the MSKCC model predicted 151 true positives and 287 false positives.
Using the model would have avoided SLNB in 229 patients (34.3%), and 21 patients with

a positive node would have been missed. This results in a net benefit of 0.1785 at a 10%
risk threshold. The default SLNB for all patients with a risk threshold of 10% would have
resulted in 172 true positives and 495 false positives, with a calculated net benefit of 0.1754.

Only at risk thresholds of 5% and 9-10% does the MSKCC nomogram have added net
benefit compared to SLNB for all. To appreciate the magnitude of clinical benefit, we can
express net benefit in terms of its ability to reduce unnecessary interventions when the most
common strategy is to biopsy all patients (that is, expressing net benefit as true negatives
rather than true positives). Use of the MSKCC model would be the equivalent of a strategy
that reduced the number of unnecessary SLNB without missing biopsy for any patients with
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metastasis by 1 per 67 patients at 5%, 1 per 47 patients at 9%, and 1 per 35 patients at 10%
risk thresholds.

Discussion:

Prediction models are traditionally assessed based on measures like their sensitivity,
specificity, calibration, or discrimination [20]. While these measures provide insight on the
statistical performance of a model, they fail to elucidate if the use of a model is of clinical
value [10]. By weighting the benefits and harms on the same scale, we have determined

that neither the MIA nor the MSKCC nomograms consistently provide added clinical benefit
across risk thresholds of 5-10% compared to a SLNB for all strategy.

The calculation of clinical utility (net benefit) is dependent on the exchange rate between
harm and benefit. Statistically, the exchange rate is derived from the risk threshold, but in
practice can be thought about in relation to pathological staging. A 5% probability of a
positive SLNB is the minimum probability at which the NCCN recommends considering
SLNB. This inherently means that when performing SLNB on 20 patients with T1b
melanoma, the NCCN deems it appropriate to biopsy 19 patients who do not have

nodal metastasis to find 1 patient who does. At this risk threshold the exchange rate
becomes (1/19), meaning the value of finding one true positive SLNB outweighs reducing
unnecessary biopsies by a factor of 19 [21]. If the threshold for intervention were higher,

as is often the case where there is higher risk of morbidity associated with an intervention,
then greater value is placed on reducing unnecessary interventions. The 10% threshold for
example, at which the procedure is recommended and not just considered, means that when
performing SLNB on 10 patients the surgeon is willing to biopsy 9 patients who do not have
nodal metastasis to find 1 patient who does.

To help illustrate the use of a net benefit analysis, we can use an insurance reimbursement
plan as a practical analogy. Here net benefit is measured in dollars and a clinician is
refunded for every true positive node identified but fined for every unnecessary biopsy. At

a risk threshold of 5%, an insurance provider would agree to pay a clinician $100 for every
correctly identified melanoma patient with nodal metastasis, and fine the clinician $5.26
($100/19) for every unnecessary biopsy in a patient without nodal metastasis. In a cohort of
100 patients suspected to have nodal metastasis with prevalence of 22.7%, if a clinician were
to use the MIA model to predict nodal metastasis, they would be reimbursed $1856, less
than the $1859 if they had simply biopsied all patients.

The analogy is dependent on how much an individual weighs the benefits and the harms of
SLNB. If SLNB proved to have significantly higher complication rates and proved to be a
poor prognostic indicator, an insurance plan may place more value in reducing the number
of SLNB performed rather than in finding every truly positive SLN. In general, higher

risk thresholds value specificity more than sensitivity whereas lower risk thresholds value
sensitivity more than specificity. It is possible that these models may provide net benefit at
risk thresholds not currently endorsed by NCCN guidelines, such as 15-20%.
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There are several limitations to this study. First, mitotic rate was omitted in the MIA
validation study on Dutch patients since it is not adequately tracked in that database. This
may hinder the MIA nomogram’s ability to accurately predict nodal metastasis and skew
the net benefit analysis. Additionally, we did not directly compare the performance of the
MIA and MSKCC nomograms. A net benefit analysis comparing these models can only be
performed if the models were used on the same group of patients, which to our knowledge
has not yet been reported.

We acknowledge that our findings are related to the very low risk threshold at which SLNB
is currently recommended. However, these are the risk thresholds routinely endorsed to
guide selection for SLNB. At these low-risk thresholds (5-10%), it is comparatively more
difficult to create a model that provides net benefit over a treatment for all strategy. Further
studies of relative clinical utility of additional variables that may be predictive of nodal
metastasis, such as gene expression models, may help better define which model(s) should
be used [22].

What do these findings mean? By using either nomogram as an additional selection step

in an attempt to reduce unnecessary biopsies, clinicians would not be capitalizing on the
benefits of finding every patient with nodal metastasis. This analysis indicates that use of
either model as an additional selection step for patients with 5-10% risk of nodal metastasis
may be unnecessary.

In summary, based on published data, use of the MIA or MSKCC nomograms as decision
making tools for SLNB at risk thresholds of 5-10% does not clearly and consistently provide
added clinical benefit to patients. This analysis indicates that use of either model is not
currently justified.
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Synopsis:

Using the MIA or MSKCC nomograms to guide sentinel lymph node biopsy decisions
does not provide added net benefit compared to performing sentinel lymph node biopsy
on all patients at risk thresholds of 5-10%.
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Figure 1:
Net benefit decision curves for the MIA and MSKCC SNLB prediction models on respective

external validation datasets.

Net benefit by threshold probability for (a) MIA model and (b) MSKCC model. Neither
model showed a higher net benefit compared to performing SLNB for all patients

across 5-10% risk thresholds. Net true positives are calculated by subtracting the harms

of unnecessary SLNB (false positives) from the benefits of appropriate treatment (true
positives) using the threshold to determine the exchange rate. The maximum achievable net
benefit (perfect prediction, dashed lines) is the disease prevalence (0.227 in Figure 1a and
0.258 in Figure 1b).
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