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Abstract
Patients with early-stage disease typically have a good prognosis, but still have a risk of recurrence, even with negative 
sentinel lymph node biopsy (SLNB). This study explores the utility of routine imaging to detect metastases in patients with 
negative SLNB but high-risk 31 gene expression profile (31-GEP) scores. We retrospectively identified melanoma patients 
with negative SLNBs. Patients with high-risk GEP results were placed in the experimental group and patients without GEP 
testing were placed in the control group. Among both cohorts, recurrent melanoma groups were identified. The tumor bur-
den at the time of recurrence and the time to recurrence were compared between experimental group patients with routine 
imaging and control group patients without imaging schedules. We identified 327 control patients and 307 experimental 
patients, of which 14.1% versus 20.5% had melanoma recurrence, respectively. Of the patients with recurrent melanoma, 
those in the experimental group were older (65.75 versus 59.20), had higher Breslow depths (3.72 mm versus 3.31 mm), and 
had advanced tumor staging (89.5% versus 71.4% of patients presenting clinical stage ≥ II) compared to the control group at 
primary diagnosis. However, melanoma recurrence was detected earlier (25.50 months versus 35.35 months) in the experi-
mental group at a lower overall tumor burden (73.10 mm versus 27.60 mm). A higher percentage of experimental patients 
started immunotherapy when offered (76.3% and 67.9%). Patients who received routine imaging after high-risk GEP test 
scores had an earlier recurrence diagnosis with lower tumor burden, leading to better clinical outcomes.
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Introduction

Immunotherapies such as anti-programmed cell death 
ligand 1(anti-PD-1) immune checkpoint inhibitor (ICI) 
and anti-cytotoxic T lymphocyte antigen-2 (anti-CTLA-4) 
ICI, as well as targeted antitumor treatments, including 
B-Raf proto-oncogene (BRAF) and mitogen-activated 
protein-kinase-kinase (MEK) inhibitors, have revolution-
ized melanoma treatment [1, 2]. Follow-up data support 
the effectiveness of these newer therapies in improving 
progression-free survival (PFS) and overall survival (OS) 
[1–3]. Importantly, many trials involving these novel 
agents suggest greater efficacy when administered to 
patients with an initial lower tumor burden [4–8].

Routine imaging can effectively detect early relapse 
when there is a lower tumor burden [9–11]. For patients 
with stage IIB disease or greater, the National Compre-
hensive Cancer  Network®  (NCCN®) recommends chest 
radiography, CT (CT), brain magnetic resonance imaging 
(MRI), and positron emission tomography and CT (PET/
CT) every 3–12 months for 3 years at the discretion of the 
physician [12]. However, routine imaging is not a standard 
protocol for clinical stage 1 and 2 patients, and the guide-
lines for surveillance remain controversial.

Notably, recurrence in patients with early-stage dis-
ease is well documented and may be as high as 40–69% 
[12–14]. Additionally, AJCC and SEER data show that, 
excluding stage IV patients, 60% of patients who ulti-
mately die from metastatic melanoma are stage 1 or 2 at 
the time of initial diagnosis [15–17]. Hence, a significant 
number of patients diagnosed with early-stage disease may 
have aggressive melanomas that may recur and ultimately 
result in death. Any method of determining which patients 
may most benefit from routine imaging should aim at iden-
tifying patients at a point of low total tumor burden, as 
they may have the greatest chance for cure or improved 
survival with immunotherapy or targeted therapy.

A 31-gene expression profile (31-GEP) test was intro-
duced in 2013 and yields a continuous probability score 
between zero and one that stratifies the risk of melanoma 
disease recurrence. The score is assigned to four catego-
ries: low risk of recurrence (Class 1A; 0–0.41 and Class 
1B; 0.42–0.49), and high risk of recurrence (Class 2A; 
0.50–0.58 and Class 2B; 0.59–1) [18–21]. The 31-GEP 
Class has been demonstrated to be an independent pre-
dictor of recurrence, including nodal recurrence and dis-
tant metastasis-free survival (DMFS) in meta-analyses 
and multiple prospective and retrospective studies [20, 
22]. This study looked at patients with a negative sen-
tinel lymph node (SLN) biopsy and a high-risk 31-GEP 
result. We then selected patients with recurrence and com-
pared the tumor burden between patients who underwent 

a routine imaging protocol to those who did not. Specifi-
cally, we compared our experimental cohort with a control 
cohort of patients with negative SLN biopsy results who 
did not have GEP testing and only had imaging studies as 
indicated by clinical symptoms to validate the utility of 
GEP results in guiding radiological surveillance. Patients 
with high-risk recurrence scores from GEP testing who 
were subsequently placed on routine imaging had an ear-
lier recurrence diagnosis with lower tumor burden with a 
trend towards improved overall survival.

Methods

Study design and patient selection

Retrospective chart reviews were performed at Northwestern 
University, Cleveland Clinic, and Oregon Health & Science 
University. All patients with a confirmed melanoma diagno-
sis and a negative sentinel lymph node biopsy (pathologic 
Stage 1 or 2 disease at the initial diagnosis) were selected 
for this study (Fig. 1). Patients tested with a 31-GEP (Castle 
Biosciences, Friendswood, TX) and with a GEP Class result 
of 2A or 2B were recruited into the experimental group, 
while Class 1A and 1B patients were excluded from the 
study. Patients who were Class 2A/B but without a SLNB 
were excluded from this study. All patients without GEP 
testing were placed in the control group if scheduled routine 
imaging was not part of the follow-up plan. In this control 
group, imaging studies were driven by symptoms or physical 
exam findings. Within each group, subgroups were identified 
as patients with visceral or lymphatic melanoma recurrence 
versus those without recurrence. Patients with routine imag-
ing in the melanoma recurrent control group or those who 
did not adhere to imaging schedules in the melanoma recur-
rent experimental group were excluded from the melanoma 
recurrence groups.

Tumor burden at the first date of detection of recurrence 
was compared between the experimental subgroup with 
recurrence versus the control subgroup with recurrence. 
Patients were only included in the experimental subgroup of 
recurrent disease patients if they adhered to routine imaging 
schedules and had metastasis detection because of routine 
imaging rather than imaging performed as a result of a clini-
cal symptom. The first endpoint was the date of detection of 
the first evidence of recurrence and the date of the last chart 
review was the secondary endpoint. The primary outcome 
of this study was the total tumor burden calculated at the 
first identified time of any evident recurrence of melanoma. 
Although there were differences between sites and patients, 
the routine imaging protocol typically consisted of chest 
CT without contrast, abdominal pelvic CT with contrast, 
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and brain MRIs with and without contrast at an average of 
6-month intervals.

Tumor burden measurement, treatment outcomes, 
and survival analysis

Imaging reports interpreted by attending radiologists were 
used to determine tumor burden. The first radiology report 
in which the diagnosis of metastatic melanoma was suspi-
cious enough to provide a measurement of the tumor was 
used to determine the initial tumor burden and the date of 
the first recurrence. Hence, the first sign of measurable 

tumor burden was used as the primary endpoint. If mul-
tiple foci were identified, the measurements were added 
together to determine the total tumor burden. Additional 
foci identified in subsequent studies that were not pre-
sent in the first imaging study were not included in the 
measurement. All imaging studies that were part of the 
initial workup identifying measurable tumor burden were 
included. The tumor burden measurement was calculated 
using an adapted version of the response evaluation crite-
ria in solid tumors (RECIST) 1.1 criteria by calculating the 
unidimensional sum of all reported metastatic foci present 
in initial imaging studies (method of Dall’Olio et al. [23, 

Fig. 1  Flow diagram illustrating 
study participant eligibility and 
group allocation
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24]. Specifically, the measured sums of the longest single 
length of all included metastatic foci led to the total tumor 
burden. Unlike the RECIST criteria, which evaluate the 
change in tumor burden, no tumor exclusions were made 
based on the minimum tumor size or the maximum num-
ber of tumors present in any organ, and ultrasound (US) 
examination measurements were included to determine the 
initial metastatic foci present that were ultimately included 
in tumor burden measurement [24].

Patient charts were reviewed to determine if they were 
treated with immunotherapy or other agents after the first 
detection of melanoma recurrence. Patient survival data 
was determined using the second study endpoint, which 
was the date of the last review of the chart.

Analysis

The tumor burden differences between the control and 
experimental groups were evaluated using a two-sam-
ple t-test with unequal variances, and a two-sided P 
value < 0.05 was considered statistically significant. The 
time to progression was from the diagnosis of primary 
melanoma to detection of visceral or lymphatic metastases. 
Kaplan–Meier estimates with the log-rank test analysis 
were used to assess months melanoma recurrence between 
the experimental and control groups. Descriptive statistics 
included sex, age, average Breslow depth, tumor staging, 
and the site of initial melanoma and recurrence. The Chi-
Square and Kruskal–Wallis statistic were used to deter-
mine the significance between both groups among each 
descriptive variable. P values ≤ 0.05 were considered sig-
nificant. Statistical analysis was performed using Micro-
soft Excel and XLSTAT 2022.

Results

A total of 307 patients with stage 1 or 2 clinical disease 
and a GEP Class 2A/B result were included in the experi-
mental group. In comparison, 327 stage 1 or 2 patients 
without GEP testing were included in the control group. 
There were 63 recurrences in the experimental group ver-
sus 46 in the control group, which was statistically sig-
nificant (20.5% versus 14.1%, p-value 0.031). Among the 
63 recurrences in the experimental group, 38 patients fol-
lowed a routine imaging protocol, while 25 did not, so 
they were excluded from the primary endpoint analysis for 
tumor burden. None of the patients in the control group 
followed an imaging protocol.

The average tumor burden among recurrent mela-
noma patients in the experimental group was 27.60 mm 
compared to 73.10 mm in recurrent melanoma patients 
from the control group (Fig. 2), which was statistically 
significant with a p-value of 0.027. Kaplan–Meier analy-
sis (Fig. 3) also showed that the time difference between 
the detection of melanoma recurrence in the experimen-
tal group and control group was significant; on average, 
melanoma recurrence was detected at 25.50 months in the 
experimental group versus 35.35 months for the control 
group (p-value of 0.049; t-test p-value of 0.004).

Among patients with recurrent melanoma, the exper-
imental cohort had a greater average Breslow depth 
(3.72  mm vs. 3.31  mm), older age (65.75  years vs. 
59.2 years) at primary diagnosis, and a higher proportion 
of clinical stage 2 patients (89.5% vs. 71.4%) compared to 
the control group. None of these findings met statistical 
significance (Table 1). There were also no significant dif-
ferences regarding gender, initial tumor site, and distant 

Fig. 2  Bar diagram represent-
ing the average tumor burden 
(measured in mm) between the 
control group and experimental 
group
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recurrences to brain, lymph nodes, and total visceral recur-
rences. Lungs were the most common distant metastatic 
site, present in 65.2% of all melanoma recurrent patients, 
followed by lymph nodes with 31.8%.

The percentage of patients who started immunotherapy 
was 81.6% (31/38) among recurrent melanoma patients in 
the experimental group and 71.4% (20/28) among recurrent 
melanoma patients in the control group. At the time of the 
last follow-up, 76.3% (29/38) of the patients with mela-
noma recurrence in the experimental group were alive with 
an average follow-up time of 45.63 months, compared to 
50.0% (14/28) of recurrent melanoma patients in the control 
group with an average follow-up time of 63.32 months. The 
difference in overall survival was statistically significant, 
with a chi-square p-value of 0.027.

Discussion

Historically, early detection of metastatic disease was con-
sidered unjustified, given the lack of effective treatment 
options prior to the recent advances in of systemic thera-
pies [13]. However, recent studies suggest a survival ben-
efit when metastatic melanoma is treated at a lower tumor 
burden [4–8]. The COMBI-d and COMBI-v trials showed a 
significant improvement in OS and PFS in patients treated 
with dabrafenib plus trametinib (MEK inhibitor) when 
patients started at less than 3 tumor sites (n = 282) versus 
more than or equal to 3 tumor sites (n = 269) [25]. Likewise, 
in studies of patients treated with the anti-PD-1 antibody, 

pembrolizumab, OS decreased as the number of metastatic 
lesions increased, and patients with a longer PFS generally 
had a lower tumor burden [6, 26]

In a retrospective medical imaging review of 10 patients 
with metastatic melanoma treated with dabrafenib, the mor-
tality hazard tripled for every 1 cc increase in tumor volume 
(p = 0.047, HR 2.81, CI 1.06 –6.19), and patients with tumor 
volumes above the median of 111.5 cc also had a statisti-
cally significant shorter OS than patients with smaller tumor 
volumes (6 months vs. 56 months, p-value = 0.019) [27].

In contrast to using tumor volumes or sites, our study 
used cumulative tumor size to measure tumor burden. We 
calculated the clinical tumor burden as the sum of the largest 
unidimensional lengths of all metastatic foci. Specifically, 
we compared the tumor burden at the time of the first evi-
dence of melanoma recurrence in a cohort of patients with 
stage 1 or 2 disease and with GEP Class 2A/B accompanied 
by routine imaging with a cohort of patients with stage 1 or 
2 disease melanoma without GEP testing or routine imaging. 
Despite having a higher mean Breslow and a higher propor-
tion of patients with clinical stage II disease or greater, the 
experimental group had a significantly lower tumor burden 
detected at the first recurrence (27.60 mm verse 73.10 mm).

As a secondary endpoint we assessed overall survival at 
the time of last follow up. In accordance with the higher rate 
of recurrence in the experimental group, more patients with 
recurrent melanoma in the experimental group were started 
on immunotherapy. Importantly, patients in the experimen-
tal group had statistically significant better overall survival 
(76.3% versus 50.0%). It is important to note that there was 

Fig. 3  Kaplan–Meier curve 
illustrating percentage of recur-
rence free patients over time
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Table 1  Demographic summary table of control and experimental groups

a Chi-Square p-value
b Kruskal-Wallis p-value
c Calculation analyzed total number of recurrences; some patients had multiple sites of recurrence upon discovery
d Patients who did not start immunotherapy when offered were excluded

All patients Control group Experimental group Total P-value
(N = 327) (N = 307) (N = 634)

Melanoma Recurrence 14.1% (46/327) 20.5% (63/307) 17.1% (109/634) 0.031a

Recurrent melanoma patients Control group patients 
(N = 28)

Experimental group patients 
(N = 38)

Total (N = 66) P-value

Average breslow 3.31 mm 3.72 mm 3.55 mm 0.171b

Tumor staging at primary diagnosis 0.060a

 Clinical Stage I
  T1a 1 0 1
  T1b 2 0 2
  T2a 5 4 9
  Total Stage I 28.6% (8/28) 10.5% (4/38) 18.2% (12/66)

 Clinical Stage ≥ II
  T2b 2 4 6
  T3a 7 6 13
  T3b 6 10 16
  T4a 1 3 4
  T4b 4 11 15
  Total Stage ≥ II 71.4% (20/28) 89.5% (34/38) 81.8% (54/66)

 Sex
  Male 17 19 36 0.388a

  Female 11 19 30
 Age at primary diagnosis
  Male mean 58.75 66.81 63.01 0.090b

  Male range 27–85 49–89 27–89
  Female mean 60.05 64.69 62.99 0.880b

  Female range 41–82 30–81 30–82
  Both sexes mean 59.20 65.75 63 0.181b

  Both sexes range 27–85 41–89 27–89
 Sites of  recurrencec 0.133a

  Lungs 57.1% (16/28) 71.1% (27/38) 65.2% (43/66) 0.241a

  Liver 17.9% (5/28) 2.6% (1/38) 9.1% (6/66) 0.033a

  Brain 10.7% (3/28) 15.8% (6/38) 13.6% (9/66) 0.553a

  Lymph nodes 25.0% (7/28) 36.8% (14/38) 31.8% (21/66) 0.451a

  Bone 7.1% (2/28) 0.0% (0/38) 3.0% (2/66) 0.094a

  Intestine 0.0% (0/28) 5.3% (2/38) 3.0% (2/66) 0.218a

  Patients with visceral sites of recurrence 85.7% (24/28) 92.1% (35/38) 89.4% 59/66 0.405a

 Site of initial tumor 0.781a

  Head/neck 28.6% (8/28) 28.9% (11/38) 28.8% (19/66) 0.973a

  Upper extremity 25.0% (7/28) 28.9% (11/38) 27.3% (18/66) 0.722a

  Trunk 28.6% (8/28) 18.4% (7/38) 22.7% (15/66) 0.331a

  Lower extremity 17.9% (5/28) 23.7% (9/38) 21.2% (14/66)  < 0.001a

  Immunotherapyd

  Number of patients 71.4% (20/28) 81.6% (31/38) 77.3% (51/66) 0.331a

 Patient status
  Alive patients 50.0% (14/28) 76.3% (29/38) 65.2% (43/66) 0.027a

  Deceased patients 50.0% (14/28) 23.7% (9/38) 34.8% (23/66)
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a difference in average follow-up times between the con-
trol and experimental groups, with an average follow-up of 
63.32-months and 45.63 months, respectively. Given that 
the follow-up time was longer in the control group, this 
may have led to more deaths reported. Therefore, we ana-
lyzed both melanoma recurrent experimental and control 
group patients at the 45.63-month mark, which showed a 
similar trend in results, though not significant. Specifically, 
at a maximum follow-up of 45.63 months, 86.80% of the 
melanoma recurrent experimental patients were alive, and 
75.00% of the melanoma recurrent control group patients 
were alive. A trend towards improved overall survival in 
patients with recurrent melanoma of the experimental group 
supports previous studies suggesting that response to newer 
systemic therapies may be better when tumor burden is 
lower [4–7]. Hence, in the current era of novel targeted and 
immunotherapy there may be a need for greater emphasis on 
detecting metastatic disease earlier.

Past studies evaluating the impact of imaging studies on 
early detection of recurrent diseases have had mixed results. 
This may be related to large sample sizes that included 
patients with minimal risk of metastasis [28]. As expected, 
when implementing an interventional strategy in cohorts 
of patients with minimal risk of metastasis, the odds of 
finding a statistically significant benefit are low. [29, 30]. 
However, more are recent studies suggest that in higher 
risk patients, routine imaging can identify early visceral or 
lymphatic melanoma metastasis in clinically asymptomatic 
patients [13, 31]. In our study, we found that surveillance 
imaging detected melanoma recurrence 9.84 months earlier 
(25.50 months vs. 35.35 months) in patients who had rou-
tine imaging schedules compared to those who did not. This 
included visceral (92.1%), nodal (36.8%) and CNS (15.8%) 
recurrences. Therefore, surveillance imaging can detect 
melanoma recurrence in high-risk patients at an earlier time 
frame with a lower overall tumor burden.

Compared to routine clinical exams, imaging studies are 
more costly and should be used strategically according to 
the patient's risk of recurrence [9]. In fact, NCCN guide-
lines recommend that follow-up of patients be based on 
their level of risk of relapse (13). The 31-GEP test is a tool 
for identifying the risk of melanoma relapse, which has 
been particularly shown to identify a high risk of recur-
rence in patients with clinical stage 1 or 2 AJCC disease 
[32]. In a study of 259 patients with negative SLNBx, 
70% of patients with high risk of recurrence (Class 2) 
31-GEP results experienced metastasis [32]. In our study 
of patients with stage 1 and 2 disease, significantly more 
patients with high score 31-GEP results experienced mela-
noma recurrence compared to those without 31-GEP test-
ing (20.5% vs. 14.1%). Therefore, the 31-GEP tool may 
offer one strategy of identifying high risk stage 1 and 2 

patients who ultimately account for a significant propor-
tion of melanoma related deaths.

The limitations of our study included the retrospective 
nature of this study, with a limited sample size of patients with 
recurrent melanoma. In addition, there were less than uniform 
imaging protocols among all three sites, including the type of 
imaging study recommended. There was a difference in the 
durations of the surveillance intervals, which ranged from 6 to 
12 months. Furthermore, among all three sites and both groups, 
there was also a difference in the patient follow-up lengths for 
patients with recurrence.

In summary, the 31-GEP test identifies patients who are at a 
higher risk of developing metastases, and when combined with 
routine imaging studies, patients with visceral or lymphatic 
metastases can be identified and offered systemic and immuno-
therapy treatment in an earlier time frame with a lower tumor 
burden, which can lead to improved patient outcomes.
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