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5-Hydroxymethylcytosine is an independent
predictor of survival in malignant melanoma
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Outcomes for melanoma patients vary within cancer stage. Prognostic biomarkers are potential adjuncts to
provide more precise prognostic information. Simple, low-cost biomarker assays, such as those based on
immunohistochemistry, have strong translational potential. 5-hydroxymethylcytosine (5 hmC) shows prognostic
potential in melanoma but prior studies were small. We, therefore, analysed 5 hmC in a retrospective cohort to
provide external validation of its prognostic value. Two hundred primary melanomas were evaluated for 5 hmC
expression using immunohistochemistry. The primary objective was to assess the effect on overall survival while
controlling for important confounders. Univariable and multivariable analyses were performed. REMARK
guidelines were followed. The 5hmC immunohistochemistry scoring showed very strong inter-observer
agreement (ICC 0.88) and expression was significantly related to age, site, Breslow thickness, ulceration,
mitotic rate, and stage. Kaplan—-Meier analysis showed 5 hmC was associated with metastasis-free, melanoma-
specific, and overall survival, P < 0.0001 for each. In univariable Cox proportional hazards models, 5 hmC hazard
ratios were significant and remained so in a multivariable model. A two-step cox model was created using stage
and 5hmC, as stage is the gold standard for clinical practice. The addition of 5 hmC produced significant
improvement in the model and 5 hmC and stage were independent significant predictors. This is the largest study
of the prognostic value of 5 hmC immunohistochemistry in melanoma. The 5 hmC scoring was easily and
reproducibly performed and it was an independent predictor of metastasis-free survival, melanoma-specific
survival, and overall survival. This work supports further development of 5 hmC as a prognostic biomarker and

suggests that it could add more precision to American Joint Committee on Cancer staging.
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Melanoma is a common and often fatal skin cancer.
In clinical practice, the American Joint Committee
on Cancer (AJCC) staging is the gold standard for
predicting outcome at baseline.»? A clinical problem
is that within a given AJCC stage outcome can vary,
indicating a need for supplementary prognostic
biomarkers to provide more precision to enable
better stratification for treatment and entry into
clinical trials.

Immunohistochemistry is a simple, low-cost assay
that can measure biomarker expression in routinely
processed tumor tissue sections. Immunohistochem-
istry has strong translational potential because it can
be easily evaluated by a histopathologist alongside
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traditional histological predictors. Progress in trans-
lating an immunohistochemistry biomarker into
practice involves a long pathway that requires an
assay that can be reproduced across different centers,
a scoring system with good inter-observer agreement,
a multivariable prediction model incorporating the
biomarker alongside other known prognostic pre-
dictors, optimal cut-points for stratifying patients
into prognostic sub-groups, and validation of the
prediction model in new cases to test its ability to be
generalized.>?* A first step in this laborious pathway
is to have solid evidence that this undertaking is
worthwhile, which requires a sufficiently large study
that can adjust for important confounding factors.
Unfortunately most immunohistochemistry biomar-
kers have been tested using small opportunity
samples®® with no larger studies to provide external
validation of biomarker suitability.
5-hydroxymethylcytosine (5 hmC) is a recently
described prognostic biomarker candidate that is an
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epigenetic change affecting DNA. It was only
recently shown to be present in mammalian
cells®1® and is an oxidation product of 5-
methylcytosine (5 mC) entailing conversion invol-
ving three oxidases, ten-eleven translocation (TET) 1,
TET2, and TET3.9"! The exact biological functions
of 5 hmC remain under active investigation, but it is
recognized to be important in cellular reprogram-
ming during embryological development.'? Various
human cancers have depleted levels of 5hmC,
including melanoma'®~'® and mutations of genes
affecting 5 hmC levels, such as the TET family, have
been found in malignant tissues.’®1” In melanoma,
genome-wide mapping revealed loss of the 5 hmC
landscape in the melanoma epigenome, whereas re-
establishing 5hmC levels suppressed melanoma
growth and increased tumor-free survival in animal
models.' This same study showed that 5 hmC levels
have diagnostic value, with higher levels in benign
compared with malignant melanocytic tumors.!®
Other studies have subsequently supported the
diagnostic value of 5 hmC.18-21 Preliminary evidence
of prognostic value was also found,'® with lower
5hmC levels associated with poorer relapse-free
survival, but this analysis involved only 70 mela-
noma patients and was limited to nodular and
superficial spreading melanoma subtypes. Multi-
variable survival analysis of 5 hmC levels has yet to
be performed for melanoma. Other studies of 5 hmC
have also been done in melanoma, such as those
assessing 5 hmC expression during histological pro-
gression, including various forms of benign naevus,
borderline tumors, and different types of melanoma,
but crucially these studies did no formal survival
analysis.'®?2 Finally, Uchiyama et al?® addressed the
potential value of 5 hmC for diagnosis only and also
did not assess its prognostic value.

In summary, no study has yet investigated 5 hmC
in cutaneous melanoma with both formal survival
analysis and sufficient numbers to rule out con-
founding variables. Therefore, we undertook to fill
this important gap by analyzing a large cohort of 200
cases with multivariable analysis for three clinically
important prognostic end points (metastasis-free
survival, melanoma-specific survival, and overall
survival) to provide internal corroboration of the
5 hmC’s prognostic value. The primary aim was to
establish whether 5 hmC is an independent predictor
of overall survival while adjusting for the current
prognostic gold standard, AJCC7 stage. Secondary
aims were to assess metastasis-free and melanoma-
specific survival and to investigate the confounding
effect of other recognized prognostic factors.

Materials and methods
Patients and Setting

Cases were selected from melanoma patients diag-
nosed at the University Hospitals of Leicester NHS
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Trust. The pathology database was searched for
invasive melanomas diagnosed since 01 January
2004 and these were sequentially assessed for
inclusion and exclusion criteria until a total of 200
was reached. A case was included if it was a
cutaneous invasive melanoma from a patient resi-
dent in the catchment of the Leicester Hospitals and
excluded if the invasive melanoma had cut out of the
tissue section, if the relevant tissue blocks were too
thin to cut, or if the patient had metastasis at the time
of diagnosis. If the patient had multiple melanomas,
the one with higher primary stage was used. This
was only relevant to one patient. This individual had
two primary melanomas, one AJCC stage IA from the
head & neck region and one AJCC stage IIB from the
upper limb. Ipsilateral axillary node metastasis
followed by subsequent distant disease and death
allowed us to make a very strong inference that this
was all related to the upper limb primary melanoma.
We, therefore, only assessed this tumor and did not
assess the head & neck region melanoma for 5 hmC.
Cases from individuals not resident in Leicester were
not considered because follow-up data were not
available. All the tissues were formalin-fixed and
paraffin-embedded. A small biopsy was received for
three melanomas, all acral, and in each a subsequent
excision contained substantially more tissue and the
deepest melanoma cells. We only analysed the
excision and not the initial biopsy. During the time
frame of this retrospective cohort, sentinel lymph
node biopsy was not routinely performed and so this
was not included as a variable. The study received a
favorable NHS research ethics committee opinion
(NRES Ethics: REC6791).

Immunohistochemistry

Immunohistochemistry was adapted from a reported
method.'® 5-um-thick sections were prepared and
heated at 65 °C for 10 min then rehydrated. Sections
were microwaved in citrate buffer for 20 min in a
750 W microwave. They were immersed in 2 N HCI
for 30 min, rinsed twice in H,0 for 3 min and treated
with 100 mM Tris+HCI pH 8.5 for 10 min and rinsed
in water. Immunostaining was performed with the
Novolink Polymer detection kit, following the
manufacturer's instructions (Leica Microsystems,
Milton Keynes, UK) using anti-5 hmC antibodies
(clone 59.1, Active Motif, Rixensart, Belgium)
diluted 1:2000 in 3% bovine serum albumin/0.1%
Triton X 100 in TBS overnight at 4 °C. The Vector SG
peroxidase kit was used, producing a blue gray color
(Vector Laboratories, Peterborough, UK). Sections
were counterstained with filtered Nuclear Fast Red
solution for 5 min, rinsed in water, dipped in Eosin
for 30s and washed in water again. Sections were
dehydrated and mounted with DPX. For each
experiment, formalin-fixed and paraffin-embedded
tonsil slides were used as positive and negative
controls. Germinal centers showed weak staining,
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whereas the rest of the follicle stained strongly.
Keratinocytes, inflammatory cells, and blood vessels
stained strongly, acting as internal positive controls.
Each batch of immunostaining included a no anti-
body' negative control.

5 hmC Immunostain Scoring

Slides were scored according to the proportion
of cells with positive nuclear stain: 0 (<5%); 1
(5-33%); 2 (34-66%); 3 (67-90%); 4 (>90%). If
more than 5% cells were positive but staining was
weak throughout, the score was designated as 1.
Otherwise if more than 50% of cells showed weak
staining the score was reduced by 1. Cell morphol-
ogy, rather than a double stain, was used to
differentiate tumor cells from inflammatory cells,
but these were readily distinguished. The assessor
was blinded to the outcome at the time of scoring.
The first 44 scored cases were independently scored
by two raters, yielding an ICC of 0.88, indicating very
strong agreement.?*

Statistical Analysis

Statistical analyses were all performed in R version
3.2.0.25 Survival analysis was performed using the
'survival' package.?® 5 hmC was taken as an ordinal
variable with five levels (0—4) for bivariable compar-
ison with other prognostic factors using a Kruskal-
Wallis test or a y*-test employing simulation with
999 replicates. Time-to-event analysis was per-
formed with three outcomes, metastasis-free survi-
val, melanoma-specific survival, and overall
survival. For all, the date of diagnosis was taken as
the date of primary sample accession in the

Table 1 Baseline melanoma data

AJCC stage Site
1A 63 (31.5%) Upper limb 24 (12%)
1B 71 (35.5%) Lower limb 52 (26%)
A 19 (9.5%)  Trunk 67 (33.5%)
1B 15 (7.5%) Head & neck 42 (21%)
11c 32 (16%) Acral 15 (7.5%)
Age at diagnosis Breslow depth (mm)
Mean 61 Mean 2.9
Median 62 Median 1.2
Breslow depth (mm) Mitotic rate
(per mm?)
Mean 2.9 Mean 4.5
Median 1.2 Median 1
Ulcer Microscopic
satellites
Present 46 (23%) Present 6 (3%)
Follow-up (months) Gender
Mean 79 Male 101
(50.5%)

Median 83
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pathology database. For metastasis-free survival,
the first metastasis (regional or distant) was con-
sidered as failure. For melanoma-specific survival,
death from melanoma was considered as a failure,
whereas for overall survival death from any cause
was considered as failure. For metastasis-free survi-
val, patients who remained metastasis free were
censored, as were those who died without metasta-
sis. For melanoma-specific survival, death from
another cause was regarded as censoring. Survival
was analysed by the Kaplan—Meier method and the
log rank test. Univariable and multivariable hazard
ratios were determined using the Cox proportional
hazards method. Covariates were coded as follows:
age, years; sex, F=0, M=1; site, central=head &
neck, trunk and peripheral = upper limb, lower limb,
acral; Breslow thickness, millimeters; mitotic rate,
mitoses per square millimeter as per hotspot
method;?” ulceration, yes=1, no=0; microscopic
satellites, yes=1, no=0; and AJCC7 stage, IA, IB,
IIA, IIB, and IIC. Given that these seven variables are
well- recognized prognostic factors, they were all
entered into both univariable and multivariable
analyses to ensure that 5 hmC was not affected by
weak confounders and suppressors, as recom-
mended for sufficiently powered studies.?® 5hmC
was entered as three categories: score 0, score 1-2,
and score 3—4. The median follow-up was 86 months.
The proportionality assumption was checked by
examining plots of scaled Schoenfeld residuals
against transformed time and with a goodness of fit
test in the R survival package. Proportionality was
not violated for the primary end points. This study
adhered to REMARK guidelines,?® see
Supplementary Table 1.

Results

5 hmC is Associated with Melanoma Prognostic
Factors

Baseline features of 200 melanomas are shown in
Table 1. Bivariate contrasts were made for 5 hmC
level and established clinico-pathological prognostic
features. An example of 5 hmC staining (a score of 4
in a thin melanoma) is shown in Figure 1. A more
detailed exposition of the immunostaining and
scoring system is provided in the Supplementary
Information. The 5hmC score was significantly
associated with AJCC stage, age at diagnosis, site of
primary tumor, Breslow depth, and ulceration. No
association was found with microscopic satellites,
but the number in which this feature was observed
was small (n=6). No association with gender was
seen. Data are summarized in Table 2.

5 hmC Shows Prognostic Significance

The prognostic value of 5 hmC was assessed using
Kaplan—-Meier estimates of the survivor function for
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Figure 1 Thin melanoma with 5 hmC score of 4. Low-, medium-, and high-power views are shown in panels (a—c), respectively.

three types of event: metastasis-free survival,
melanoma-specific survival, and overall survival.
Each score from 0 to 4 was plotted as a separate
curve. 5hmC was significantly associated with
metastasis-free survival (y2=36.7 on 4 degrees of
freedom, P=2.12x10~7), melanoma-specific survi-
val (y>=38 on 4 degrees of freedom, P=1.14 x10~7),
and overall survival (42=30.5 on 4 degrees of
freedom, P=3.8 x 10~%), as shown in Figure 2.

The effect of 5 hmC on survival was next assessed
with adjustment for potential confounding variables.
A Cox proportional hazards regression model was
fitted including 5 hmC alongside the same estab-
lished prognostic factors described in Table 2.
Inspection of the Kaplan—Meier plots showed that
there was an overlap of the survival curves for 5 hmC
scores 1 and 2 and for scores 3 and 4. These groups
were, therefore, combined to yield three categories
for multivariable analysis: score 0, score 1-2, and
score 3—4. As this study was concerned with
adjusting 5 hmC for confounding rather than dis-
covering an optimum prediction model, all covari-
ates were entered simultaneously into the regression
model. The results are shown in Table 3.

Notably, 5 hmC levels were statistically significant
predictors of outcome regardless of whether that was
metastasis-free survival, melanoma-specific survival,
or overall survival. Furthermore, significance was
maintained when potential confounding covariates
were added to each regression model, strongly
supporting the independent prognostic value of
5 hmC.

In day-to-day clinical practice, AJCC stage is the
gold standard for clinical prognostication and the
primary aim of this study was to establish whether
5 hmC could provide independent prognostic value
against this gold standard. A two-step Cox propor-
tional hazards model was developed to look at the
effect of 5 hmC after it was added to stage, focusing
on overall survival, as this is the least biased
outcome measure and arguably the most important.
AJCC stage showed a statistically significant associa-
tion with overall survival (Table 4).

Of note, 5 hmC remained a significant predictor of
overall survival when added to the proportional
hazards model that included stage and overall model
fit improved (P=0.007, »*=9.97, df=2). However,
the model’s discrimination was only marginally
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Table 2 Bivariable comparisons between 5hmC and clinico-
pathological features

5 hmC score

0 1 2 3 4

AJCC stage

1A 4 6 16 18 19

1B 12 22 20 12 5

IIA 6 6 4 2 1

1IB 0 5 9 1 0

IIC 15 9 5 3 0 P=0.001
Age

Mean years 64 63 67 53 53  P=5.34x10°
Gender

Male 19 24 28 15 15

Female 18 24 26 21 10 P=0.72
Site

Upper limb 8 8 3 2 3

Lower limb 10 10 17 15 0

Trunk 6 15 22 9 15

Head & neck 8 11 8 9 6

Acral 5 4 4 1 1 P=0.006
Breslow depth

Mean mm 6.3 28 25 1.8 0.7 P=7.03x10%
Mitotic rate

Mean per mm?> 88 6.0 4.1 16 04 P=3.11x10"
Ulcer

Absent 21 34 43 32 24

Present 16 14 11 4 1 P=0.0014
Microsatellites

Absent 34 47 52 36 25

Present 3 1 2 0 0 P=0.26

improved by the addition of 5hmC, as the con-
cordance index for stage alone and for stage plus
5 hmC changed minimally from 0.80 to 0.81 and the
R? also changed only slightly, from 0.38 to 0.41. This
perhaps reflects the fact that no single biomarker is
likely to be of value on its own, but rather would
benefit from being part of a biomarker panel.

Discussion

The present study shows that 5 hmC is associated
with melanoma prognostic factors and that it is an
independent prognostic factor for metastasis-free
survival, melanoma-specific survival, and overall
survival when adjusted for other confounding prog-
nostic factors, including the clinical gold standard,
AJCC stage.

A relatively high proportion of our cases showed
strong staining, ie, scored 4, for 5 hmC, which differs
from earlier studies. These differences are likely to
be the factors that will vary between studies such as
differences between case mixes, types of tissue
(tissue microarray or whole sections), technical
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differences in staining protocol, and differences in
the approach to scoring. For instance, one prior
study used a tissue microarray that included many
metastatic cases.?! On the other hand, we used a true
cohort based on date of accession into the hospital
pathology laboratory and so our study is enriched for
thinner melanomas falling into AJCC stages IA and
IB. Because 5hmC is known to be reduced with
progression, we speculate that this could be an
important reason why many of our cases showed
strong staining.

Results have some need for cautious interpreta-
tion. 5hmC remained significant when added to
AJCC stage in the survival model but the effect on
discrimination (concordance index and R2?) was
minimal suggesting that only a small amount of
variation is explained beyond that already explained
by stage. It is unlikely that any individual biomarker
would lead to substantially increased discrimination
alone and a panel of biomarkers is the likely way
forward. It is also important to note that sentinel
node biopsy was not routinely performed on the
cases used in this study. The therapeutic benefit of
sentinel node biopsy remains unproven, but there is
consensus that this procedure is a powerful prog-
nostic factor and its use has been supported inter-
nationally by AJCC and in the UK, NICE
recommends that it should be offered to appropriate
individuals. If 5 hmC is to be used in future for
prognostic modeling, it is important that models are
constructed in two formats: one without SLNB status
for those who choose not to have the procedure, and
one including SLNB status for the rest. This
approach has been used previously.?® There is a
debate about which covariates to include in regres-
sion models. In this study, well-recognized clinical
prognostic factors (age at diagnosis, sex, and site of
origin) and histological features used for staging
(Breslow depth, ulceration, mitotic index, and
microsatellitosis) were included. Other variables
have less compelling prognostic value and were
omitted. In particular, omitting some variables from
regression analysis was necessary because of the
constraints on model robustness if the ratio of the
number of events (ie, metastasis or death) to number
of covariates becomes small.?8 This study is limited
to patients from a single center and this has the
potential to introduce bias. For example, Leicester
has a relatively high proportion of Gujarati immi-
grants that could lead to a higher proportion of acral
melanomas than other UK centers. However, we
have no reason to believe that Leicester melanomas
are substantially different to those elsewhere and our
findings are in line with those of the smaller
univariable prognostic study described by Lian
et al'® and are consistent with studies showing
reduced 5hmC with histological and clinical
progression.'8?2 Tt was interesting to note that
Breslow thickness was not significant in multivari-
able analysis for any outcome. We note the very-high
correlation between thickness and 5 hmC score and
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Figure 2 Kaplan—Meier plots. Plots for each 5 hmC score with different time-to-event outcomes, (a) metastasis-free, (b) melanoma-specific,

and (c) overall survival.

wonder if this may have had some effect in canceling
out the influence of thickness.

This study has potential clinical relevance. 5 hmC
was previously identified as a prognostic factor in
melanoma® but the number of cases was small and
no analysis has to date looked at the effect of 5 hmC
on outcome after adjusting for other covariates. This
study provides very strong evidence that 5hmC
could be an independent prognostic marker for
clinical use. Notably, 5 hmC can be measured using
a simple technique (immunohistochemistry) so it
can be performed in any reasonably equipped
clinical pathology laboratory; the antibody is mono-
clonal and commercially available, so it should yield
reproducible results; and the scoring system is
simple, has good inter-observer agreement and can
be easily performed by a histopathologist using the
same sections being evaluated diagnostically. All of
these features increase the chance of translating this

biomarker to clinical use. An image analysis-based
scoring system is possible and could make scoring
easier, but this is not readily available to histopathol-
ogists as they review cases at the microscope and
adds complexity to biomarker translation, whereas
the semi-quantitative score used in the present study
has strong inter-observer agreement and is quick to
perform (typically no more than 1 min). The simpli-
fication of the 5 hmC score from a 5 point score to
three categories for multivariable analysis was based
on the separation of the Kaplan—Meier curves, but
this may have benefit moving forward because it
might be argued that a 5 point score is overly precise
and the simplification to three categories may be less
subjective for future translation. Biomarkers for
baseline prognosis are especially relevant because
they can potentially stratify patients for entry into
clinical trials and for sentinel node biospy. Baseline
prognostic biomarkers are less relevant at present for
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Table 3 Cox proportional hazards regression for 5 hmC and other prognostic factors

Univariable Multivariable
n HR(95% CI) P-value HR(95% CI) P-value
MFS?
5 hmC 37 Score 0 1 1
102 Score 1-2 0.40 (0.23-0.69) 0.001 0.50 (0.27—0.93) 0.02
61 Score 3—4 0.10 (0.04-0.24) 5.0 x 107 0.16 (0.06-0.43) 0.0002
Age 200 Years 1.02 (1.01-1.04) 0.007 0.99 (0.98-1.01) 0.47
Sex 99 Female 1
101 Male 1.08 (0.65-1.78) 0.78 1.34 (0.75-2.38) 0.32
Site 109 Central 1 1
91 Peripheral 1.30 (0.79-2.15) 0.30 1.15 (0.63-2.09) 0.65
Breslow depth 200 millimeters 1.10 (1.07-1.13) 4.24 x 10712 1.01 (0.97-1.06) 0.60
Mitotic rate 200 Mitoses/mm? 1.13 (1.10-1.16) <2x10716 1.05 (1.01-1.09) 0.007
Ulcer 154 No 1 1
46 Yes 8.64 (5.13-14.53) 4.44 %1016 5.00 (2.43-10.18) 0.00001
Microsatellite 194 No 1 1
6 Yes 3.53 (1.10-11.33) 0.03 1.18 (0.35-3.98) 0.79
MSSP
5 hmC 37 Score 0 1 1
102 Score 1-2 0.33 (0.18-0.60) 0.0003 0.43 (0.21-0.86) 0.02
61 Score 3—4 0.09 (0.03-0.24) 1.67 x106 0.19 (0.07-0.56) 0.002
Age 200 Years 1.03 (1.01-1.05) 0.006 1.00 (0.98-1.02) 0.96
Sex 99 Female 1
101 Male 1.21 (0.70-2.10) 0.50 1.56 (0.83—2.95) 0.17
Site 109 Central 1
91 Peripheral 1.52 (0.87-2.64) 0.14 1.51 (0.77-2.96) 0.23
Breslow depth 200 millimeters 1.12 (1.09-1.15) 9.44 x 10-15 1.02 (0.98-1.07) 0.41
Mitotic rate 200 Mitoses/mm? 1.14 (1.11-1.17) <2x10716 1.06 (1.02-1.11) 0.007
Ulcer 154 No 1
46 Yes 10.41 (5.87-18.48) 1.22x 10710 5.16 (2.34-11.40) 0.00005
Microsatellite 194 No 1
6 Yes 4.66 (1.44-15.09) 0.01 1.86 (0.54—6.47) 0.33
0s¢
5 hmC 37 Score 0 1 1
102 Score 1-2 0.46 (0.28-0.77) 0.003 0.55 (0.31-0.98) 0.04
61 Score 3—4 0.16 (0.08-0.32) 6.02x107 0.10 (0.36-0.72) 0.01
Age 200 Years 1.05 (1.03-1.07) 7.43x 108 1.03 (1.01-1.04) 0.009
Sex 99 Female 1
101 Male 1.43 (0.92-2.24) 0.11 1.64 (0.97-2.79) 0.07
Site 109 Central 1
91 Peripheral 1.12 (0.72-1.74) 0.62 1.11 (0.64-1.92) 0.72
Breslow depth 200 millimeters 1.12 (1.09-1.14) <2x10716 1.03 (0.99-1.07) 0.19
Mitotic rate 200 Mitoses/mm? 1.13 (1.11-1.16) <2x10716 1.08 (1.04-1.12) 0.00001
Ulcer 154 No 1
46 Yes 6.65 (4.26-10.4) <2x10716 2.15 (1.17-3.97) 0.01
Microsatellite 194 No 1
6 Yes 6.84 (2.94-15.9) 7.92x10°6 2.70 (1.10-6.59) 0.03

3Metastasis-free survival.

Melanoma-specific survival.

CQOverall survival.

newer targeted and immune therapies as these are
primarily used in more advanced cancer, by which
time baseline prognostic information has been super-
seded by the prognostic impact of distant metastasis.
However, clinical trials in earlier stage disease are
underway and the provision of more precise baseline
prognosis may eventually become important for
prioritization of high-risk patients.

Future work will be needed to determine precisely
how 5hmC should be used. In particular, to
determine how it might form part of a biomarker
panel, perhaps alongside clinico-pathological
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features. However, this would require a substantially
larger study, ideally with thousands of cases culmi-
nating in a statistical prediction model that would
require external validation of the prognostic scoring
system on new cases. This study provides strong
support for pursuing this pathway and is supported
by REMARK compliance and conforms to the six
critersi? for biomarkers described by Gould Rothberg
et al.

In summary, this is the largest ever study to
investigate the prognostic relevance of 5hmC in
melanoma and shows that this biomarker has
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Table 4 Cox proportional hazards regression for 5 hmC and AJCC stage

Univariable Multivariable
n HR(95% CI) P-value HR(95% CI) P-value
OS2
5 hmC 37 Score 0 See Table 3 See Table 3 1
102 Score 1-2 See Table 3 See Table 3 0.52 (0.30-0.89) 0.02
61 Score 3—4 See Table 3 See Table 3 0.30 (0.14-0.65) 0.002
AJCC Stage 63 IA 1 1
71 1B 3.03 (1.29-7.13) 0.01 2.41 (1.00-5.78) 0.049
19 IIA 6.99 (2.71-18.05) 0.00006 5.04 (1.90-13.35) 0.001
15 B 9.37 (3.56 (24.66) 5.9% 100 8.12 (2.99-22.06) 0.00004
32 IIC 28.58 (12.38-66.02) 4.1x1071° 21.41 (8.99-51.01) 4.6x 1012
3Qverall survival.
independent prognostic value for predicting 10 Tahiliani M, Koh KP, Shen Y, et al. Conversion of

metastasis-free survival, melanoma-specific survival,
and overall survival. Given that translation of a
biomarker is not trivial, strong evidence is needed to
prioritize a biomarker for further translation. We,
here, provide that evidence for 5 hmC.
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