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Abstract
Introduction  Up to 88% of sentinel lymph node biopsies (SLNBs) are negative. The 31-gene expression profile 
(31-GEP) test can help identify patients with a low risk of SLN metastasis who can safely forego SLNB. The 31-GEP 
classifies patients as low (Class 1 A), intermediate (Class 1B/2A), or high risk (Class 2B) for recurrence, metastasis, and 
SLN positivity. The integrated 31-GEP (i31-GEP) combines the 31-GEP risk score with clinicopathologic features using a 
neural network algorithm to personalize SLN risk prediction.

Methods  Patients from a single surgical center with 31-GEP results were included (n = 156). An i31-GEP risk 
prediction < 5% was considered low risk of SLN positivity. Chi-square was used to compare SLN positivity rates 
between groups.

Results  Patients considered low risk by the i31-GEP had a 0% (0/30) SLN positivity rate compared to a 31.9% (30/94, 
p < 0.001) positivity rate in those with > 10% risk. Using the i31-GEP to guide SLNB decisions could have significantly 
reduced the number of unnecessary SLNBs by 19.2% (30/156, p < 0.001) for all patients and 33.0% (30/91, p < 0.001) 
for T1-T2 tumors. Patients with T1-T2 tumors and an i31-GEP-predicted SLN positivity risk > 10% had a similar SLN 
positivity rate (33.3%) as patients with T3-T4 tumors (31.3%).

Conclusion  The i31-GEP identified patients with < 5% risk of SLN positivity who could safely forego SLNB. Combining 
the 31-GEP with clinicopathologic features for a precise risk estimate can help guide risk-aligned patient care 
decisions for SLNB to reduce the number of unnecessary SLNBs and increase the SLNB positivity yield if the procedure 
is performed.
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Introduction
The Multicenter Selective Lymphadenectomy Trial 
(MSLT-I) showed that, while sentinel lymph node biopsy 
(SLNB) did not improve melanoma-specific survival, dis-
ease-free survival was higher in those who received SLNB 
compared to those who did not [1]. A recent study by the 
MSLT group showed that SLNB is potentially therapeutic 
against tumor recurrence in the nodal basin, suggesting 
early detection of positive nodes and earlier intervention 
can reduce mortality [1, 2]. However, although SLNB may 
be therapeutic for those with a positive SLN, up to 88% 
of SLNBs return a negative result, and cost-effectiveness 
analysis has not shown an economic benefit for the pro-
cedure [3, 4]. Current guidelines suggest foregoing SLNB 
when the likelihood of finding a positive SLN is less 
than 5% (T1a tumors with no other high-risk features), 
discussing and considering SLNB when the likelihood 
is between 5% and 10% (T1a with at least one high-risk 
feature [T1aHR] or T1b tumors), and offering an SLNB 
when the likelihood is above 10% (T2–T4 tumors) [5]. 
While there are several nomograms that attempt to 
address this issue, they have limited clinical utility at the 
5–10% threshold for sentinel node positivity as reported 
recently [6–8]. A more precise tool to help clinicians 
select patients for SLNB could increase the positive yield 
and reduce the number of unnecessary SLNBs.

SLNB is generally supported for thicker tumors; how-
ever, given the variability in reported rates of SLNB posi-
tivity for thin (T1) tumors, the necessity or value of SLNB 
for these patients has been questioned. Weitemeyer et al. 
showed that more patients with T1 tumors receive SLNB 
following the transition to the 8th edition of the Ameri-
can Joint Committee on Cancer staging (AJCC8) from 
the 7th edition (22.2% vs. 16.2%) but have a lower positiv-
ity rate than AJCC7 (4.7% vs. 6.7%) [9]. Moreover, Egger 
et al. reported that up to 55% of T1b tumors have a < 5% 
likelihood of SLN positivity based on age, mitotic rate, 
and tumor thickness [10]. In contrast, other studies in 
patients with T1a or T1b tumors have shown SLN posi-
tivity rates between the 5–10% or > 10%, based on the 
presence of various high-risk tumor features, who should 
“consider SLNB” or be offered SLNB as recommended 
by guidelines [11–15]. These data suggest that additional 
prognostic markers to identify patients who could poten-
tially forego SLNB could reduce unnecessary SLNBs. 
Conversely, the ability to enrich a subset of T1 tumors 
with a higher likelihood of SLN positivity could identify 
those who could benefit most from the procedure.

The 31-gene expression profile (31-GEP) molecular risk 
stratification test for cutaneous melanoma is validated to 
provide a risk of tumor recurrence and the likelihood of 
having a positive SLNB [16–20]. Vetto et al. determined 
that using the lowest risk 31-GEP score (Class 1 A) with 
age and T-stage could identify a patient population that 

is eligible for SLNB according to current National Com-
prehensive Cancer Network (NCCN) criteria with < 5% 
likelihood of a positive SLN and high MSS rates [19]. 
More recently, Whitman et al. refined SLNB risk predic-
tion using a neural network algorithm to integrate Bres-
low thickness, ulceration, mitotic rate, and age with the 
31-GEP continuous risk score to provide a more precise 
and accurate likelihood of having a positive SLN (i31-
GEP) [16].

Methods
Patients were all seen at a large, single, academic, com-
munity hospital from 2015 to 2020. The NCCN crite-
ria and AJCC8 staging were used to offer SLNB to any 
patient with a melanoma 0.8 mm or greater. Patients with 
melanoma of 0.6 mm and greater who had a shave biopsy 
with a positive margin were also offered a SLNB. The 
31-GEP test was ordered and analysis performed for all 
patients undergoing SLNB using these criteria (n = 156). 
Of all specimens submitted, 8% of patients who had a 
SLNB procedure were ineligible because not enough 
RNA could be extracted to perform the gene expression 
profile test. Accuracy metrics were calculated by assign-
ing cases to < 5% or ≥ 5% SLN positivity risk when using 
the i31-GEP and compared with T-stage using T1a with 
no high-risk features as low risk (i.e., < 5% risk). The 
Exact binomial test was used to determine the signifi-
cance of the potential reduction in SLNBs when incor-
porating the i31-GEP. Analysis was performed using R 
(v.4.2.1) and GraphPad (v9.0.0) software, and p < 0.05 was 
considered statistically significant for all tests. The study 
was approved by the Institutional Review Board and only 
patients who had a SLNB were included in the study.

Results
Patient demographics are presented in Table  1. Most 
patients were male (58%), and most tumors were T1 
(29%) or T2 (30%). Ulceration was present in 35% of 
cases. The median Breslow thickness was 1.8 mm (range 
0.2–16.0  mm), and the median mitotic rate was 2/mm2 
(range 0–25/mm2). The SLN positivity rate was 20.5% 
(32/156). Seventeen patients had T1a tumors, 15 of 
which had at least one high-risk factor, including mitotic 
rate ≥ 2/mm2, presence of regression, lymphovascular 
invasion, microsatellites, transected base, absence of 
tumor-infiltrating lymphocytes, or age < 40 years. These 
patients are considered to have a 5–10% risk of SLN posi-
tivity, and NCCN guidelines recommend clinicians dis-
cuss SLNB options for patients to consider [5].

Overall, the i31-GEP identified 19.2% of patients as 
having < 5% risk of SLN positivity, similar to the 18.5% 
identified as < 5% risk in the i31-GEP development and 
validation study (Supplemental Table 1) [16]. Of the 91 
patients with T1-T2 melanoma (Table  1), the i31-GEP 
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identified 30 patients (33%) as < 5% risk (Supplemen-
tal Table 1) which translates to a significant potential 
SLNB reduction (p < 0.001). For patients with a prob-
ability of SLN positivity of 5–10% by current guidelines 
(T1a with high-risk features and T1b tumors, n = 43), the 
i31-GEP reclassified patient risk as < 5% in 51.2% (22/43) 

of cases, and reclassified risk as > 10% in 11.6% (5/43) of 
cases. These data amount to a total of 62.7% (27/43) of 
patients being reclassified to a more definitive status to 
either forego or offer the SLNB procedure. For those with 
> 10% probability of a positive SLN by current guidelines 
(T2–T4, n = 111), the i31-GEP reclassified patient risk as 
5–10% in 14.4% (16/111) cases and < 5% in 5.4% (6/111) 
of cases, totaling 19.8% (22/111) reclassified risk.

Patients with a < 5% predicted likelihood of SLN posi-
tivity by the i31-GEP had a 0% SLN positivity rate (0/30) 
compared to a 31.9% (30/94, p < 0.001) positivity rate in 
patients with > 10% risk (Table 2). Importantly, in patients 
with T1–T2 tumors with predicted risk > 10% by the i31-
GEP (n = 30), the SLN positivity rate (33.3%, 10/30) was 
similar to that seen for T3–T4 patients (31.9%, 20/64), 
none of whom were considered low risk by the i31-GEP 
(Table 2). The i31-GEP had 100% sensitivity, 100% NPV, 
24.2% specificity, and 25.4% PPV in all patients (Table 3).

Notably, all 30 low-risk patients, as determined by < 5% 
i31-GEP risk, had T1–T2 tumors (n = 91), demonstrating 
a significant potential SLNB reduction rate of 33% in this 
group (30/91, p < 0.001). In the subset of patients with 
T1–T2 tumors and a predicted likelihood of SLN positiv-
ity > 10% by the i31-GEP, there was a 33.0% (10/30) posi-
tivity rate, significantly higher than those with < 5% risk 
(0%, p < 0.001). The i31-GEP had 100% sensitivity, 100% 
NPV, 37.5% specificity, and 18.0% PPV in T1-T2 tumors 
(Table 3).

Discussion
In this independent study, we focus on the performance 
of the i31-GEP for predicting SLN positivity in patients 
with cutaneous melanoma. These data show that the 
i31-GEP can identify patients with either a low or high 

Table 1  Patient demographics
All Patients
N = 156

Age, years, median (range) 64 (20–91)
Sex
Female 41.7% (65)
Male 58.3% (91)
T stage
T1a 10.9% (17)
T1b 18.0% (28)
T2a 21.8% (34)
T2b 7.7% (12)
T3a 12.8% (20)
T3b 12.8% (20)
T4a 5.8% (9)
T4b 10.3% (16)
Tumor Location
Extremity 43.0% (67)
Head and Neck 12.2% (19)
Trunk 44.9% (70)
Breslow thickness, mm, median (range) 1.8 (0.2–16.0)
Ulceration present
Yes 34.6% (54)
No 65.4% (102)
Mitotic rate (1/mm2), median (range) 2 (0–25)
Overall sentinel lymph node status
Negative 79.5% (124)
Positive 20.5% (32)

Table 2  SLN positivity rates by i31-GEP in T1-T4 tumors
i31-GEP risk %

Clinical and pathological features < 5% Risk (n = 30) 5–10% Risk (n = 32) > 10% Risk (n = 94)
T stage SLN positivity rate, % (n/N) SLN positivity rate, % (n/N) SLN positivity rate, % (n/N)
T1a (n = 17)† 0% (0/11) 0% (0/5) 0% (0/1)
T1b (n = 28) 0% (0/13) 0% (0/11) 25.0% (1/4)
T2a (n = 34) 0% (0/5) 0% (0/13) 37.5% (6/16)
T2b (n = 12) 0% (0/1) 50.0% (1/2) 33.3% (3/9)
Overall SLN positivity rate; T1-T2 0% (0/30) 3.2% (1/31) 33.3% (10/30)
T3a (n = 20) -- 100% (1/1) 47.4% (9/19)
T3b (n = 20) -- -- 35.0% (7/20)
T4a (n = 9) -- -- 22.2% (2/9)
T4b (n = 16) -- -- 12.5% (2/16)
Overall SLN positivity rate; T3-T4 -- 100% (1/1) 31.3% (20/64)
Overall SLN status; T1-T4
Negative (n = 124) %, (n) 100% (30) 93.8% (30) 68.1% (64)
Positive (n = 32) %, (n) 0% (0) 6.3% (2) 31.9% (30)
†Two patients with T1a tumors had no high-risk feature that included mitotic rate ≥ 2/mm2, presence of regression, lymphovascular invasion, microsatellites, 
transected base, absence of tumor-infiltrating lymphocytes, and age < 40 years
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risk of having SLN metastases and can serve as a poten-
tial tool for guiding surgical decisions. Such a predic-
tive tool would reduce the number of biopsies that are 
unnecessary, nondiagnostic, and avoidable. Current 
NCCN guidelines agree there is no benefit to performing 
a SLNB if the risk of metastases is < 5%, yet to consider 
the procedure when the risk is 5–10% such as in high-risk 
T1a and in T1b patients. Of patients who fell within this 
5–10% clinicopathologic risk category and therefore went 
through the SLNB (i.e., patients with T1a tumors with 
high-risk factors and T1b tumors), 51% (22/43) were re-
classified by the i31-GEP to have a < 5% risk. All these re-
classified patients were found to have a negative node on 
final pathology. Had the i31-GEP been performed before 
surgery as a predictive tool for any of these 51% (22/43) 
of patients, SLNB could have been completely avoided 
with no false negatives. Even for T2 patients, with a clini-
copathologic risk of having a positive node > 10%, the i31-
GEP was able to identify 13% (6/46) of patients to have 
a risk < 5% and who could have avoided the biopsy pro-
cedure. Considering the i31-GEP reclassified one-third 
(30/91) of all T1–T2 patients to have < 5% risk, this is a 
substantial reduction in nonbeneficial surgeries, cost, 
patient morbidity and psychological concern waiting for 
pathology results.

The i31-GEP also upstaged patients, with 11.1% (5/45) 
of T1a high risk and T1b patients being reclassified to 
a > 10% risk. Of all T1 patients (n = 45), the only one 
who had a positive SLN was in the > 10% high risk i31-
GEP group. Interestingly, whether patients were in the 
T1-T2 group or in the T3–T4 group, if the i31-GEP risk 
was > 10%, the SLN positivity rate was equivalent (33% 
(10/30) and 31% (20/64), respectively). For patients with 
i31-GEP risk > 10%, this predictive tool is more helpful 
than T-staging in guiding who should have an SLNB.

One advantage of combining clinicopathologic features 
with the 31-GEP molecular testing is the opportunity to 
avoid grouping patients with heterogenous tumor fea-
tures into neat categories typical of our AJCC staging 
system. While the staging system certainly has its merits 
and is based on extensive outcomes analyses, this siloed 
approach most likely misses the nuances of each patient’s 
biology of disease. Precision medicine, as offered by the 
i31-GEP, can more directly guide individual decisions 

rather than treating binned risk groups as though all 
patients are the same. The i31-GEP is more personal-
ized and provides a more complete and comprehensive 
understanding of each patient’s risks and could be a use-
ful tool for making risk-aligned management decisions. 
There are several nomograms designed to help in SLNB 
decision making, but their utility in reducing the num-
ber of nonbeneficial procedures from being performed 
has recently been questioned [8]. Two of the more widely 
used nomograms were found to have very limited clinical 
utility in reducing the number of avoidable SLNB proce-
dures performed, while the third was beneficial at a risk 
threshold of > 8%.

The data reported here suggest that the i31-GEP can 
beneficially alter patient care by avoiding unnecessary 
SLNBs at a risk threshold of > 5%. Recently, Jarell et al. 
showed that patients with < 5% SLN positivity risk by 
the i31-GEP had 5-year recurrence-free survival (RFS), 
distant metastasis-free survival (DMFS), and melanoma-
specific survival (MSS) above 98%,17 suggesting these 
patients would not be harmed when foregoing SLNB. The 
addition of SLNB adds extra anesthesia, operative time, 
and cost to the patient; extra incisions in sensitive areas; 
increased risk of post-operative seroma formation; and 
risk of nerve injury and wound infection. In addition, the 
SLNB requires the use and cost of radiopharmaceuticals 
and lymphoscintigraphy mapping, all of which may be 
unnecessary.

This study was intended to evaluate the i31-GEP in 
pre-operative decision making, and not for post-opera-
tive risk assessment. Study limitations include the small 
sample size, the retrospective study design, the analysis 
of single-center data that may not represent the broader 
population, and the lack of follow-up data. However, 
despite these limitations, the data shown in this study 
provide evidence that the i31-GEP can aid in identifying 
patients who may safely forego SLNB. This is the second 
report demonstrating the i31-GEP is a useful tool for 
risk stratifying melanoma patients who may benefit from 
SLNB.

Using the i31-GEP for SLNB offers an additional, com-
prehensive tool to guide shared decision-making by the 
clinician and patient. In summary, this study demon-
strates the performance and clinical value of the i31-GEP 

Table 3  Accuracy metrics of using the i31-GEP or T-stage for SLNB risk prediction (n = 156)
Group Sensitivity Specificity PPV NPV SLNB reduction
T-stage (T1-T4) 100%

(86.7–100%)
1.6%
(0.3–6.3%)

20.8%
(14.8–28.2%)

100%
(19.8–100%)

1.3%
(2/156)

i31-GEP SLNB (T1-T4) 100%
(86.7–100%)

24.2%
(17.2–32.9%)

25.4%
(18.3–34.1%)

100%
(85.9–100%)

19.2% (30/156)

i31-GEP SLNB (T1-T2) 100%
(67.9–100%)

37.5%
(27.1–49.1%)

18.0%
(9.8–30.4%)

100%
(85.9–100%)

33.0%
(30/91)

Five-percent risk was used as cutoff between low and high-risk of SLN positivity when using the i31-GEP SLNB. T1a with no additional high-risk features used as low 
risk for T-stage calculations (n = 2)
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as a tool for predicting SLN positivity, avoiding unnec-
essary surgery, and improving personalized risk-aligned 
patient care.
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