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MD

Abstract

Background Approximately 85% of melanoma patients who undergo a sentinel lymph
node biopsy (SLNB) are node-negative. Melanoma incidence is highest in patients

>65 years, but their SLNB positivity rate is lower than in younger patients. CP-GEP, a
model combining clinicopathologic and gene expression variables, identifies primary
cutaneous melanoma (CM) patients who may safely forgo SLNB due to their low risk for
nodal metastasis. Here, we validate CP-GEP in a U.S. melanoma patient cohort.

Methods A cohort of 208 adult patients with primary CM from the Mayo Clinic and West
Virginia University was used. Patients were stratified according to their risk for nodal
metastasis: CP-GEP High Risk and CP-GEP Low Risk. The main performance measures
were SLNB reduction rate (RR) and negative predictive value (NPV).

Results SLNB positivity rate for the entire cohort was 21%. Most patients had a T1b (34%)
or T2a (31%) melanoma. In the T1-T2 group (153 patients), CP-GEP achieved an SLNB
RR of 41.8% (95% ClI: 33.9-50.1) at an NPV of 93.8% (95% CI: 84.8-98.3). Subgroup
analysis showed similar performance in T1-T2 patients >65 years of age (51 patients;
SLNB positivity rate, 9.8%): SLNB RR of 43.1% (95% CI: 29.3-57.8) at an NPV of 95.5%
(95% Cl: 77.2-99.9).

Conclusion We confirmed the potential of CP-GEP to reduce negative SLNB in all
relevant age groups. Our findings are especially relevant to patients >65 years, where
surgery is often elective. CP-GEP may guide SLNB decision-making in clinical practice.

associated complications would provide substantial clinical bene-
fit.57 In elderly patients, referral for SLNB surgery must be care-

The incidence rate of cutaneous melanoma in the U.S. is rising,
with more than 100,350 invasive new cases and 6,850 deaths
expected in 2020." Currently, sentinel lymph node biopsy (SLNB)
is the standard of care for staging melanoma patients.>™* Refer-
ral for SLNB is currently guided by tumor thickness and ulcera-
tion.* For very thin melanomas, other risk factors may be taken
into account, such as age and mitotic rate.® Despite these selec-
tion criteria, about 85% of all patients undergoing an SLNB are
not found to have nodal metastasis. Therefore, a non-invasive
test that could avoid putting these patients at risk for SLNB-

fully weighed against their higher risk for surgery-related
complications and comorbidities.>®'° Also, while the incidence
of melanoma is highest among the elderly, SLNB positivity rates
decrease with age, making the elderly a patient population for
which decision-making for SLNB can be challenging.>® A tool
that can deselect elderly patients for SLNB is beneficial to
patients and physicians.

The CP-GEP model was previously developed on a large
prospectively collected cohort of 754 archived U.S. patients who
underwent an SLNB within 90 days of primary melanoma
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diagnosis."" This model combines Breslow thickness and
patient age with the expression of eight genes in the primary
melanoma to identify patients who may safely forgo SLNB due
to their low risk of nodal metastasis. This model has recently
been validated in a European cohort.'? Here, we describe the
first validation of CP-GEP (Merlin Assay) in a U.S. cohort with a
subgroup analysis of patients 65 years or older. The validated
CP-GEP model may aid in deselecting patients for SLNB,
specifically patients 65 years or older, where the SLNB proce-
dure is often elective.

Methods

Study population

The study included 208 patients (age >18 years) diagnosed
with primary cutaneous melanoma who underwent an SLNB
within 90 days of their primary diagnosis at the Mayo Clinic in
Minnesota, Arizona, or Florida between 2004 and 2019 or the
West Virginia University between 2007 and 2014. Electronic
searches of pathology reports identified patients with primary
cutaneous melanoma. Charts were then reviewed for eligibility
criteria, and if met, diagnostic biopsy tissue was requested. The
Mayo Clinic and West Virginia University Institutional Review
Boards approved this study. Data analysis was based on the
AJCC 8th edition staging system. Exclusion criteria were: no
SLNB performed; prior melanoma diagnosis; SLNB after

90 days of primary diagnosis; M1 disease within 90 days of
primary diagnosis; insufficient primary tumor diagnostic biopsy
tissue; missing data on Breslow thickness or patient age;
inadequate RNA harvested; duplicate samples, and, for

Mayo Clinic patients (2004 - 2019)
West Virginia University patients (2007 - 2014)

Primay cutaneous melanoma cases

N =212

exclude (N =4)
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Minnesota, denial of access to medical records for research
purposes (per Minnesota State law). Enroliment of patients and
exclusion criteria are summarized in a consort diagram in
Figure 1.

Quantitative polymerase chain reaction (qQPCR) and
CP-GEP model

We performed the RNA extraction and gPCR measurements as
previously described.'? Cycle threshold (Ct) values for all target
genes (GDF15, CXCL8, LOXL4, TGFBR1, ITGB3, PLAT,
SERPINE2, and MLANA) were normalized by the average Ct of
two housekeeping genes (RLPO and ACTB), yielding the ACt.
We excluded patients with low RNA yield or insufficient
expression of housekeeping genes. The CP-GEP probability
score was calculated by combining ACt values with
clinicopathologic factors (Breslow thickness and patient age at
diagnosis). The CP-GEP model has a binary output: CP-GEP
High Risk and CP-GEP Low Risk. Patients whose CP-GEP
score was higher than the predefined cut-off value were
considered High Risk. Otherwise, patients were classified as
Low Risk.'2'® The CP-GEP model is commercially developed
as the Merlin Assay.

Statistical analyses

We characterized the performance of the CP-GEP model by
calculating sensitivity, specificity, negative predictive value
(NPV), positive predictive value (PPV), SLNB reduction rate
(RR), and the corresponding 95% Clopper-Pearson Cl.'* SLNB
RR was calculated as described by Mocellin et al. and
represented the fraction of patients who are not selected for an

Patient exclusion criteria:

- Prior melanoma diagnosis

- Re-excision biopsy

- No SLNB performed

- SLNB not within 90 days of primary biopsy

- Breslow thickness not available

- Patient age at diagnosis not available

- Stage |V disease within 90 days of diagnosis
- Duplicate samples from patients

Reasons for exclusion:

Y

Eligible samples
fulfilling QC acceptance criteria

N =208

|

Validation cohort

- QC gPCR workflow not fulfilled (N = 4)

Figure 1 Study flow diagram depicting the enroliment of patients and exclusion criteria
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Table 1 Patient and tumor characteristics stratified by
sentinel lymph node biopsy (SLNB) outcome for entire
cohort. Categorical and continuous variables are reported
using total numbers (%) or median (interquartile range),
respectively

SLNB Positivity

All Patients Negative Positive
Characteristic (n = 208) (n =164) (n = 44) P-value®

Gender
Female 95 (45.7%) 70 (42.7%) 25 (56.8%) 0.12
Male 113 (54.3%) 94 (57.3%) 19 (43.2%)
Age, Years 59 (45, 70) 61 (48,70) 54 (39,68) 0.11
Biopsy Location
Head/Neck 31 (14.9%) 25(15.2%) 6 (13.6%) 0.42
Trunk 78 (37.5%) 60 (36.6%) 18 (40.9%)
Upper 40 (19.2%) 35 (21.3%) 5 (11.4%)
Extremities
Lower 44 (21.2%) 34 (20.7%) 10 (22.7%)
Extremities
Acral 15 (7.2%) 10 (6.1%) 5 (11.4%)
Breslow 1.30 (0.90, 1.20 (0.90, 1.75 (1.10, <0.01
Thickness, mm 2.10) 1.90) 2.50)
Clark Level
I 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.03
i 27 (18.0%) 25 (15.2%) 2 (4.5%)
v 135 (64.9%) 109 (66.5%) 26 (59.1%)
\Y 8 (3.8%) 5 (3.0%) 3 (6.8%)
Unknown 38 (18.3%) 25(15.2%) 13 (29.5%)
Mitotic Rate Level 2.00 (1.00, 2.00 (1.00,  3.00 (2.00, <0.01
5.00) 4.75) 7.00)
Unknown 8 (3.8%) 6 (3.7%) 2 (4.5%)
Ulceration
Absent 158 (76.0%) 127 (77.4%) 31 (70.5%) 0.46
Present 49 (23.5%) 36 (22.0%) 13 (29.5%)
Unknown 1 (0.5%) 1 (0.6%) 0 (0.0%)
Angiolymphatic 0.01
Invasion
Absent 171 (82.2%) 140 (85.4%) 31 (70.5%)
Present 13 (6.2%) 6 (3.7%) 7 (15.9%)
Not documented 24 (11.5%) 18 (11.0%) 6 (13.6%)
Histologic Type 0.64
Superficial 122 (58.7%) 97 (59.1%) 25 (56.8%)
spreading
Nodular 42 (20.2%) 32 (19.5%) 10 (22.7%)

Desmoplastic 5 (2.4%) 5 (3.0%) 0 (0.0%)

Lentigo maligna 5 (2.4%) 5 (3.0%) 0 (0.0%)
Acral lentiginous 4 (1.9%) 3 (1.8%) 1(2.3%)
Spindled 2 (1.0%) 2 (1.2%) 0 (0.0%)
Dermal 1 (0.5%) 1 (0.6%) 0 (0.0%)
Spitzoid 3 (1.4%) 2 (1.2%) 1 (2.3%)
Nevoid 2 (1.0%) 1 (0.6%) 1 (2.3%)
Unclassifiable 10 (4.8%) 8 (4.9%) 2 (4.5%)
Other 3 (1.4%) 1 (0.6%) 2 (4.5%)
Mixed 7 (3.4%) 5 (3.0%) 2 (4.5%)
Unknown 2 (1.0%) 2 (1.2%) 0 (0.0%)
T-Category
T 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.05

U.S. Validation of CP-GEP (Merlin Assay) Report

Table 1 Continued

SLNB Positivity

All Patients Negative Positive
Characteristic (n = 208) (n = 164) (n =44) P-value®

Tla 3 (1.4%) 3 (1.8%) 0 (0.0%)
Tib 71 (34.1%) 63 (38.4%) 8 (18.2%)
T2 0 (0.0%) 0 (0.0%) 0 (0.0%)
T2a 65 (31.2%) 51 (31.1%) 14 (31.8%)
T2b 14 (6.7%) 11 (6.7%) 3 (6.8%)
T3 1 (0.5%) 1 (0.6%) 0 (0.0%)
T3a 24 (11.5%) 15(9.1%) 9 (20.5%)
T3b 15 (7.2%) 9 (5.5%) 6 (13.6%)
T4 0 (0.0%) 0 (0.0%) 0 (0.0%)
T4a 4 (1.9%) 4 (2.4%) 0 (0.0%)
T4b 11 (5.3%) 7 (4.3%) 4(9.1%)

@p-values of continuous and categorical variables were computed
using the Wilcoxon rank-sum test and the 2 test (or Fisher exact
test if expected cell counts <5), respectively.

SLNB by the model.'® All performance measures were stratified
on T-categories according to the 8th edition of the American
Joint Committee on Cancer (AJCC) staging system.* Statistical
analyses were performed in R (version 3.6.1)."® We considered
P-values <0.05 statistically significant. Patient characteristics
were summarized using the gtsummary package in R (version
1.3.3)."7

Results

Study population

Forty-four (21%) of the 208 patients included in this study were
SLNB positive. The majority of patients were diagnosed with a
T1-T2 tumor (73.6%), with the largest patient groups having a
T1b (34%) or T2a (31%) melanoma (Table 1).

Performance of CP-GEP in the entire cohort

The performance of the CP-GEP model was assessed in the
entire cohort of 208 patients to determine whether it could iden-
tify patients who may safely forgo SLNB. Forty-four patients in
this cohort had nodal metastasis, and 40 of these patients were
correctly identified by CP-GEP as high risk. Of the 164 SLNB
negative patients, CP-GEP accurately identified 61 as low-risk
for nodal metastasis (Table 2). Only four (2%) patients were
incorrectly classified by the model as CP-GEP Low Risk: three
patients with a T1 tumor and one patient with a T2 tumor. Per
T-category, the SLNB reduction rate (RR) was highest for T1
melanoma patients at 60.8% (95% confidence interval [Cl]:
48.8-72.0) (Table 2). In patients with T1-T3 tumors, CP-GEP
achieved an SLNB RR of 33.7% (95% CI: 27.1-40.8) at a nega-
tive predictive value (NPV) of 93.8% (95% CI: 85.0-98.3). CP-
GEP accomplished a higher SLNB RR of 41.8% (95% CI: 33.9-
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Table 2 T-category performance of CP-GEP on entire cohort. Performance was characterized by calculating sensitivity,
specificity, negative predictive value (NPV), positive predictive value (PPV), SLNB reduction rate (RR), and corresponding
95% Clopper-Pearson confidence interval. True positive (TP), true negative (TN), false positive (FP), false negative (FN)

Patient Subset N SLNB Positivity Rate  Specificity =~ Sensitivity PPV NPV TP TN FP FN  SLNB RR
T1-T2 153 16.3 46.9 84.0 23.6 93.8 21 60 68 4 41.8
(10.9-23.2) (38.0-55.9) (63.9-95.5) (15.2-33.8)  (84.8-98.3) (33.9-50.1)
T1-T3 193  20.7 39.9 90.0 28.1 93.8 36 61 92 4 33.7
(15.2-27.1) (32.1-48.1) (76.3-97.2) (20.5-36.8)  (85.0-98.3) (27.1-40.8)
T 74 108 63.6 62.5 17.2 93.3 5 42 24 3 60.8
(4.8-20.2) (50.9-75.1) (24.5-91.5) (5.8-35.8) (81.7-98.6) (48.8-72.0)
T2 79 215 29.0 941 26.7 94.7 16 18 44 1 241
(13.1-32.2) (18.2-41.9) (71.3-99.9) (16.1-39.7)  (74.0-99.9) (15.1-35.0)
T3 40 375 4.0 100 38.5 100 15 1 24 0 25
(22.7-54.2) (0.1-20.4) (78.2-100) (23.4-55.4)  (2.5-100) (0.1-13.2)
T4 15 26.7 0 100 26.7 — 4 0 11 0 0
(7.8-55.1) (0-28.5) (39.8-100) (7.8-55.1) (0-21.8)

Table 3 Patient and tumor characteristics stratified by sentinel lymph node biopsy (SLNB) outcome for 65 years or older
patient subgroup. Categorical and continuous variables are reported using total numbers (%) or median (interquartile range),

respectively

SLNB positivity

Characteristic All Patients (n = 77) Negative (n = 64) Positive (n = 13) P-value®
Gender
Female 31 (40.3%) 23 (35.9%) 8 (61.5%) 0.12
Male 46 (59.7%) 41 (64.1%) 5 (38.5%)
Age, Years
72.0 (69.0, 77.0) 72.0 (69.0, 77.0) 72.0 (70.0, 75.0) 0.76
Biopsy Location
Head/Neck 17 (22.1%) 14 (21.9%) 3 (23.1%) 0.62
Trunk 22 (28.6%) 19 (29.7%) 3 (23.1%)
Upper Extremities 18 (23.4%) 15 (28.4%) 3 (23.1%)
Lower Extremities 14 (18.2%) 12 (18.8%) 2 (15.4%)
Acral 6 (7.8%) 4 (6.2%) 2 (15.4%)
Breslow Thickness, mm
1.50 (1.10, 2.60) 1.50 (1.00, 2.32) 2.40 (1.40, 3.00) 0.07
Clark Level
I 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.08
1]l 6 (7.8%) 5 (7.8%) 1(7.7%)
v 54 (70.1%) 48 (75.0%) 6 (46.2%)
% 5 (6.5%) 3 (4.7%) 2 (15.4%)
Unknown 12 (15.6%) 8 (12.5%) 4 (30.8%)
Mitotic Rate Level
3.00 (1.00-5.00) 3.00 (1.00-5.00) 5.50 (2.75-7.50) 0.02
Unknown 1 (1.3%) 0 (0.0%) 1 (7.7%)
Ulceration
Absent 52 (67.5%) 43 (67.2%) 9 (69.2%) 1.00
Present 25 (32.5%) 21 (32.8%) 4 (30.8%)
Angiolymphatic Invasion
Absent 66 (85.7%) 57 (89.1%) 9 (69.2%) 0.02
Present 4 (5.2%) 1 (1.6%) 3 (23.1%)
Not documented 7 (9.1%) 6 (9.4%) 1(7.7%)
Histologic Type
Superficial spreading 36 (46.8%) 30 (46.9%) 6 (46.2%) 0.95
Nodular 19 (24.7%) 15 (23.4%) 4 (30.8%)
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Table 3 Continued

SLNB positivity

Characteristic All Patients (n = 77) Negative (n = 64) Positive (n = 13) P-value®
Desmoplastic 2 (2.6%) 2 (3.1%) 0 (0.0%)
Lentigo maligna 4 (5.2%) 4 (6.2%) 0 (0.0%)
Acral lentiginous 2 (2.6%) 2 (3.1%) 0 (0.0%)
Spindled 1(1.3%) 1(1.6%) 0 (0.0%)
Unclassifiable 7 (9.1%) 5 (7.8%) 2 (15.4%)
Mixed 4 (5.2%) 3 (4.7%) 1 (7.7%)
Unknown 2 (2.6%) 2 (3.1%) 0 (0.0%)
T-Category
T1a 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.06
T1b 19 (24.7%) 18 (28.1%) 1(7.7%)
T2a 27 (35.1%) 23 (35.9%) 4 (30.8%)
T2b 5 (6.5%) 5 (7.8%) 0 (0.0%)
T3a 9 (11.7%) 5 (7.8%) 4 (30.8%)
T3b 10 (13.0%) 6 (9.4%) 4 (30.8%)
T4a 3 (3.9%) 3 (4.7%) 0 (0.0%)
T4b 4 (5.2%) 4 (6.2%) 0 (0.0%)

aP.values of continuous and categorical variables were computed using the Wilcoxon rank-sum test and the %2 test (or Fisher exact test if
expected cell counts <5), respectively.

Table 4 T-category performance of CP-GEP on 65 years or older patient subgroup. Performance was characterized by
calculating sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), SLNB reduction rate (RR),
and corresponding 95% Clopper-Pearson confidence interval. True positive (TP), true negative (TN), false positive (FP),
false negative (FN)

Patient Subset N SLNB Positivity Rate  Specificity =~ Sensitivity PPV NPV TP TN FP  FN SLNBRR
T1-T2 51 9.8 45.7 80.0 13.8 95.5 4 21 25 1 43.1
(8.3-21.4) (30.9-61.0) (28.4-99.5) (8.9-31.7) (77.2-99.9) (29.3-57.8)
T1-T3 70 18.6 38.6 92.3 255 95.7 12 22 35 1 32.9
(10.3-29.7) (26.0-52.4) (64.0-99.8) (13.9-40.3)  (78.1-99.9) (22.1-45.1)
T1 19 53 72.2 0 0 92.9 0 13 5 1 73.7
(0.1-26.0) (46.5-90.3) (0-97.5) (0-52.2) (66.1-99.8) (48.8-90.9)
T2 32 12.5 28.6 100 16.7 100 4 8 20 0 25.0
(3.5-29.0) (13.2-48.7) (39.8-100) (4.7-37.4) (63.1-100) (11.5-43.4)
T3 19 421 9.1 100 44.4 100 8 1 10 0 5.3
(20.3-66.5) (0.2-41.3) (63.1-100) (21.5-69.2)  (2.5-100) (0.1-26.0)
T4 7 0 0 — 0 — 0 0 7 0 0
(0-41.0) (0-41.0) (0-41.0) (0-41.0)

50.1) for the 153 patients with T1-T2 tumors at an NPV of
93.8% (95% CI: 84.8-98.3) (Table 2).

Performance of CP-GEP in the 65 years or older patient
subgroup

In total, 77 patients (37%) were 65 years or older at diagno-
sis. Of these, 16.9% were SLNB positive. Strikingly, 83.1% of
these older patients did not benefit from SLNB surgery as
their SLNB outcome was negative. We performed additional
analyses of melanoma patients 65 years or older since SLNB
is often an elective procedure in this patient group,>®° and

CP-GEP may provide additional guidance for clinical decision-
making. The patient characteristics of this subgroup are
reported in Table 3. Of the 13 SLNB positive patients
>65 years, CP-GEP identified 12 as high risk. Out of the 64
SLNB negative patients, CP-GEP correctly identified 22
(Table 4). Only one (1%) patient, with a T1 tumor, was incor-
rectly classified by the model as CP-GEP Low Risk. Like the
entire cohort, the SLNB RR was highest for T1 melanoma
patients at 73.7% (95% Cl: 48.8-90.9). In this subgroup, an
SLNB RR of 32.9% (95 CI: 22.1-45.1) was achieved for
patients with T1-T3 tumors at an NPV of 95.7% (95% CI:78.1-
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99.9). For 51 patients with T1-T2 tumors, CP-GEP achieved
an SLNB RR of 43.1% (95% CI: 29.3-57.8) at an NPV of
95.5% (77.2-99.9) (Table 4).

Discussion

We present an independent validation study of CP-GEP in a
U.S. cohort, a model designed to identify patients who may
safely forgo SLNB. CP-GEP performance assessment showed
that the SLNB reduction rate (RR) was highest for T1 mela-
noma patients and then decreased as lesions increased in
thickness. This trend is in agreement with previous studies.’"'2
CP-GEP achieved an SLNB RR of 41.8% in T1-T2 melanoma
patients — a group of patients who stand to benefit the most
from CP-GEP molecular testing. This finding is similar to the
results of a European validation study, which reported an SLNB
RR of 36% for 105 T1-T2 melanoma patients (NPV of
92.1%)."? Findings are also similar to the discovery cohort,
which reported an overall SLNB RR of 42% at an NPV of
96%."" Since older patients have an up to four times higher
incidence of melanoma with higher risks of complications and
comorbidities,>®'%'® we conducted a subgroup analysis of
patients 65 years or older. SLNB positivity is lower in the
elderly®® as is reflected in our cohort, where the SLNB positivity
rate decreased from 21% for the entire cohort to 16.9% in
patients 65 years or older. Nevertheless, the SLNB RR of
43.1% in T1-T2 patients 65 years and older at an NPV of
95.5% was similar to the results of the entire cohort. Therefore,
the CP-GEP model may be used in the elderly to avoid unnec-
essary SLNB surgery.

In clinical practice, the CP-GEP model provides actionable
guidance for all relevant ages. SLNB deselection may be partic-
ularly relevant for patients 65 years or older as they are the lar-
gest group of melanoma patients for whom a surgical referral
may already be elective. CP-GEP (Merlin Assay) may provide a
promising tool to reduce SLNB procedures by guiding doctors
and patients in their clinical decision-making.
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