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IMPORTANCE Although regression is commonly observed in cutaneous melanoma, it is
uncertain whether it is associated with patient prognosis.

OBJECTIVE To determine whether histologically confirmed regression was associated with
better or worse survival in patients with primary cutaneous melanoma.

DESIGN, SETTING, AND PARTICIPANTS This cohort study analyzed data from 2 large cohorts of
adults (one in the Netherlands and the other in Australia) with histologically proven, stage 1
and 2 primary, invasive cutaneous melanoma with known regression status treated between
2000 and 2014, with median follow-up times of 4.5 and 11.1 years for the Dutch and
Australian cohorts, respectively. For the Dutch patients, population-based data from PALGA,
the Dutch Pathology Registry, were used, and follow-up data were retrieved from the
Netherlands Cancer Registry. For the Australian patients, data from the database of a large,
specialized melanoma treatment center were used.

MAIN OUTCOMES AND MEASURES Multivariable Cox proportional hazards analyses were
performed per cohort to assess recurrence-free survival (RFS) and overall survival (OS), and
subgroup analyses according to Breslow thickness category and melanoma subtype were
performed.

RESULTS A total of 17 271 Dutch patients and 4980 Australian patients were included. In both
cohorts, survival outcomes were better for patients with disease regression. For Dutch
patients, the hazard ratio (HR) for those with disease regression was 0.55 (95% CI,
0.48-0.63; P < .001) for RFS and 0.87 (95% CI, 0.79-0.96; P = .004) for OS; for the
Australian patients, the HR was 0.61 (95% CI, 0.52-0.72; P < .001) for RFS and 0.73 (95% CI,
0.64-0.84; P < .001) for OS. Subgroup analyses showed that the presence of regression
improved RFS within thin and intermediate Breslow thickness melanomas in both cohorts.
For patients with superficial spreading melanoma (SSM) subtype, regression improved RFS
and OS in both cohorts. For Dutch patients with SSM, the HR for those with disease
regression was 0.54 (95% CI, 0.46-0.63; P < .001) for RFS and 0.86 (95% CI, 0.76-0.96;
P = .009) for OS; for the Australian patients with SSM, the HR was 0.67 (95% CI, 0.52-0.85;
P = .001) for RFS and 0.72 (95% CI, 0.59-0.88; P = .001) for OS.

CONCLUSIONS AND RELEVANCE In 2 large patient cohorts from 2 different continents,
regression was a favorable prognostic factor for patients with stage 1 and 2 melanomas,
especially in those with thin and intermediate thickness tumors and those with SSM subtype.
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T he phenomenon of regression in a melanoma is com-
monly observed. It refers to disappearance or loss of part
or all of a melanoma that is thought to occur as a con-

sequence of a host immunological response directed against
the tumor cells. It can be identified both clinically (macro-
scopically) and histologically (microscopically). Sometimes ap-
parent to the naked eye (Figure 1A), macroscopic regression
can best be appreciated using a dermatoscope to examine a pig-
mented lesion, revealing the presence of bluish-gray or white
scarlike depigmentation (of lighter color than the surround-
ing skin, and corresponding histopathologically to fibrosis,
Figure 1B), or as “peppering” (very fine gray dots seen with a
dermatoscope and histologically corresponding to the pres-
ence of pigment-laden macrophages).1 The presence of regres-
sion is observed not only in melanoma, but also in benign nevi,1

and it has been suggested that the decline in the number of
nevi after the fifth decade of life may be partially caused by
progressive regression of these nevi.2 Despite the lack of stan-
dardized criteria for reporting histopathological regression in
melanomas, it is generally characterized by a variable de-
crease in the number of dermal invasive melanoma cells in a
tumor, accompanied by the presence of a host response con-
sisting of dermal fibrosis, an inflammatory infiltrate, mela-
nophages, increased vascularity, and epidermal attenuation
(Figure 1C).3 The presence of some histopathologic regres-
sion is estimated to occur in between 10% and 58%4,5 of cu-
taneous melanomas. Although it is common, divergent con-
clusions have been drawn about the prognostic significance
of regression in cutaneous melanoma. Some have suggested
that its presence is associated with a worse prognosis, be-
cause it can reduce the measured Breslow thickness of the pri-
mary tumor (when the deepest melanoma cells are no longer
present). Others have argued that the presence of regression
implies better survival, because effective activation of the host
immune system against the tumor is presumed to be the ba-
sis of regression.6,7 When attempts have been made to deter-
mine which supposition is correct, several studies found re-
gression to be a favorable prognostic factor,8,9 whereas multiple
others found that regression was not significantly associated
with either recurrence-free survival (RFS) or overall survival
(OS),4,10-13 and 2 found that histologic regression was associ-
ated with worse OS.14,15 These divergent results are possibly
related to small study group numbers and relatively short fol-
low-up. Hence the aim of the present study was to clarify
whether histologic regression was associated with better or
worse survival in patients with primary cutaneous melano-
mas by analyzing data from a nationwide European cohort, as
well as data from the well-maintained database of a large, spe-
cialized melanoma treatment center in Australia.

Methods
Collection of Data
For the Dutch nationwide cohort, encoded and anonymous
data for all patients with newly diagnosed stage 1 and 2 mela-
nomas treated between January 2000 and December 2014 were
obtained from PALGA, the Dutch Pathology Registry. PALGA

has been collecting data prospectively from all pathology labo-
ratories in the Netherlands since 1991.16 Follow-up data were
obtained from the Netherlands Cancer Registry, which gath-
ers information on every cancer patient treated in the Neth-
erlands. Follow-up was calculated from date of diagnosis un-
til date of death, the date last known to be alive, or January 1,
2018, whichever occurred earlier. Ethical approval was granted
by the board of PALGA, and all data were deidentified.

For the Australian institutional cohort, a search was per-
formed of the prospectively maintained database at Mela-
noma Institute Australia (MIA) for all patients with stage 1 and
2 melanomas treated over the same time period. All patients
had given permission for their deidentified data to be used for
research purposes. Approval for use of the data was obtained
from the Sydney Local Health District Ethics Committee.

Study Population
Patients with noncutaneous melanomas were excluded, as
well as those with more than 1 primary melanoma. For each
patient, demographics collected included date of diagnosis,
age, sex, location of the melanoma, and recurrence details.
Pathologic data included Breslow thickness (mm), mela-
noma subtype, sentinel node (SN) biopsy (performed or not
performed), ulceration (present or absent), and regression
(present or absent). Breslow thickness was measured to the
deepest invasive tumor cell (not the base of any regression).
Mitotic rate (per mm2) was able to be included for the MIA
cohort only because it was not available in the Dutch
cohort. The pathology of the cases was reported by a large
number of pathologists in the Netherlands (n = 750) and by
MIA-affiliated pathologists (n = 17). As such, definitions of
regression used by the pathologists reflected those provided
in contemporary literature and textbooks.17-22 Regression
was defined as loss of part or all of a melanoma as a conse-
quence of an immunologic response directed against the
tumor and was coded as present or absent. It was broadly
recognized by the presence of dermal fibrosis that was unre-
lated to prior trauma and usually accompanied by increased
vascularity, pigment-laden macrophages, and some lym-
phocytes with or without epidermal thinning and loss of
rete ridges (Figure 1C). In cases with residual in situ or inva-
sive melanoma overlying the area of fibrosis, regression was

Key Points
Question Is regression associated with survival outcomes in
patients with stage 1 or 2 melanoma?

Findings In this cohort study of 17 271 Dutch and 4980 Australian
patients with stage 1 or 2 melanoma, patients with regression had
significantly improved overall survival. Subgroup analyses showed
that regression was significantly associated with improved
recurence-free survival for patients with thin and intermediate
Breslow thickness melanomas (�4.0 mm), and for those with
superficial spreading melanoma (SSM) subtype.

Meaning Regression was a favorable prognostic factor for
patients with stage 1 or 2 melanomas, especially in those with
tumors that were 4.0 mm thick, and those with SSM subtype.
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regarded as present as long as the above criteria were ful-
filled. Tumor-infiltrating lymphocytes were not considered
sufficient for regression in the absence of identifiable der-
mal fibrosis. For both data sets, primary and secondary out-
come measures were RFS and OS. Recurrence was defined
as either cutaneous (local or in transit), nodal (regional), or
distant metastasis. In patients with synchronous first recur-
rences at multiple sites, the site with the worst prognosis
was recorded as first site. Patient RFS and OS were calcu-
lated from the date of diagnosis to the date of recurrence or
death from any cause, respectively. Patients without recur-
rence were censored at either their date of death or the last
date known alive or January 1, 2018 (the data collection cut-
off date), whichever occurred earlier. Patients were catego-
rized as stage 1 or stage 2 according to the American Joint
Committee on Cancer (AJCC) Staging Manual, 8th edition.23

When no SN biopsy was performed, it was assumed that
patients had stage 1 or 2 disease.

Statistical Analysis
Data for the Dutch and MIA patients were analyzed sepa-
rately. Categorical variables were summarized as numbers
and percentages. Continuous variables were summarized as
medians with interquartile ranges (IQR). Differences in pro-
portions and medians were analyzed using χ2 or Mann-
Whitney U tests, respectively. Kaplan-Meier curves were
generated for OS and RFS. Statistical analysis was per-
formed using multivariable Cox proportional hazard models
for both cohorts. The variables analyzed included Breslow
thickness, sex, age, ulceration, regression, and SN biopsy.9

Only patients with all these predefined variables available
were selected. Age and Breslow thickness were included as
continuous variables. The proportional hazards assumption
was evaluated using the Schoenfeld residuals test. An addi-
tional multivariable Cox analysis was performed including
mitotic rate (/mm2) for patients in the MIA cohort. In addi-
tion, subgroup analyses were performed considering 2

stratification factors: melanoma subtype (superficial
spreading and nodular, other subtypes were not analyzed
owing to the small number of events observed), and
Breslow thickness category (thin [≤1.0 mm], intermediate
[1.1-4.0 mm], and thick [>4.0 mm]). This study adhered to
the guideline for the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) reporting
guidelines, and the checklist was completed as well as a
flowchart of patient selection (eTable 1 and eFigure in the
Supplement, respectively).24

All statistical analyses were performed using R (version
3.6.1, R Core Team). A 2-sided P<.05 was considered statisti-
cally significant.

Results
Clinicopathological features of the patients in the Dutch and
MIA cohorts with and without histologic regression are pre-
sented in Table 1. Of the entire cohort of 17 271 Dutch pa-
tients, 6121 (35.4%) showed regression of the primary mela-
noma. Of the total 4980 patients in the MIA cohort, 2198
(44.1%) showed regression. In both cohorts, similar associa-
tions were observed: presence of regression was significantly
associated with male sex, lower Breslow thickness, absence of
ulceration, superficial spreading melanoma subtype, and lo-
cation on the trunk. There was no significant association be-
tween age and presence of regression in either of the cohorts.
The median (IQR) follow-up time was 4.5 (3.1-6.5) years for the
Dutch cohort and 11.1 (4.0-17.9) years for the MIA cohort.

Survival Analyses
Figure 2 shows the Kaplan-Meier OS and RFS curves for the
Dutch and MIA cohorts. For both survival outcome measures
and in both cohorts, patients with regression had better sur-
vival. All 17 271 Dutch patients and 4980 Australian patients
were included in the Cox regression model. Multivariable analy-

Figure 1. Clinical and Histopathologic Images

Macroscopic regressionA DepigmentationB Mixed inflammatory cell infiltrateC

A, Macroscopic regression (black arrowheads). B, Dermatoscopic scarlike
depigmentation (black arrowheads). C, Histopathologic regression
characterized by immature scarlike fibrosis and a mixed inflammatory cell

infiltrate including numerous lymphocytes and pigment-laden macrophages. All
panels represent the same lesion.
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ses showed a hazard ratio (HR) of 0.55 (95% CI, 0.48-0.63;
P < .001) for RFS and 0.87 (95% CI, 0.79-0.96; P = .004) for OS
associated with regression in the Dutch cohort (Table 2). Simi-
larly, an HR of 0.61 (95% CI, 0.52-0.72; P < .001) for RFS and
0.73 (95% CI, 0.64-0.84; P < .001) for OS associated with re-
gression in the MIA cohort was observed. When mitotic rate
was included in the model, the HR associated with regression
was 0.74 (95% CI, 0.63-0.86; P = .002) for RFS and 0.80 (95%
CI, 0.70-0.92; P = .002) for OS in the MIA cohort (eTable 2 in
the Supplement).

Subgroup Analysis by Breslow Thickness
eTable 3 in the Supplement shows the number of included
patients for each Breslow thickness category and according
to melanoma subtype, together with the number of events
(recurrence for RFS and death for OS) for the Dutch and MIA
cohorts. When stratifying the Cox analysis according to
Breslow thickness, patients with thin and intermediate-
thickness melanomas in both cohorts had better RFS if
regression was present (eTable 4 in the Supplement). For
patients with thin melanomas, the presence of regression

was associated with better OS for the MIA cohort only (HR,
0.66; 95% CI, 0.50-0.88; P = .004). In contrast, there was
no statistically significant association between regression
and RFS or OS in patients with thick melanomas in either
cohort; in the Dutch cohort the HRs were 0.74 (95% CI,
0.53-1.02; P = .06) and 1.07 (95% CI, 0.83-1.38; P = .62) for
RFS and OS, respectively. In the MIA cohort the HRs were
0.91 (95% CI, 0.65-1.29; P = .60) and 0.78 (95% CI, 0.57-
1.08; P = .14), respectively.

Subgroup Analysis by Melanoma Subtype
Analysis was conducted only for patients with superficial
spreading melanoma (SSM) and nodular melanoma (NM),
given the small number of events in the other melanoma
subtype categories (eTable 3 in the Supplement). eTable 5 in
the Supplement shows the multivariable Cox analyses for
RFS and OS stratified by SSM and NM subtypes, for the
Dutch and MIA cohorts. In the Dutch cohort, regression
remained a significant predictor of RFS (HR, 0.54; 95% CI,
0.47-0.63; P < .001) and OS (HR, 0.86; 95% CI, 0.76-0.96;
P = .009) for SSM only.

Table 1. Clinicopathological Factors of All Dutch and MIA Patients With Stage 1 and 2 Primary Cutaneous Melanoma Stratified for Regression

Characteristics

Dutch cohort MIA cohort
Regression absent
(n = 11150)

Regression present
(n = 6121) P value

Regression absent
(n = 2782)

Regression present
(n = 2198) P value

Sex, No. (%) <.001 <.001

Female 6444 (57.8) 2872 (46.9) 1280 (46.0) 791 (36.0)

Male 4706 (42.2) 3249 (53.1) 1502 (54.0) 1407 (64.0)

Age at diagnosis, median (IQR), y 58.0 (46.0-69.0) 58.0 (47.0-68.0) .58 59.0 (45.0-71.0) 59.0 (48.0-70.0) .24

Breslow thickness, median (IQR), mm 0.9 (0.5-1.7) 0.6 (0.5-1.0) <.001 1.5 (0.8-3.0) 0.8 (0.5-1.4) <.001

Breslow thickness, No. (%) <.001 <.001

≤1.0 mm 6467 (58.0) 4857 (79.3) 991 (35.6) 1395 (63.5)

1.1-2.0 mm 2509 (22.5) 863 (14.1) 701 (25.2) 465 (21.2)

2.1-4.0 mm 1433 (12.9) 289 (4.7) 651 (23.4) 227 (10.3)

>4.0 mm 741 (6.6) 112 (1.8) 439 (15.8) 111 (5.1)

Ulceration, No. (%) <.001 <.001

No 9696 (87.0) 5748 (93.9) 2171 (78.0) 1972 (89.7)

Yes 1454 (13.0) 373 (6.1) 661 (22.0) 116 (10.3)

Mitotic rate/mm2, median (IQR) NA NA NA 3.0 (1.0-6.0) 1.0 (0.0-3.0) <.001

Primary site, No. (%) <.001 <.001

Head and neck 1484 (13.3) 371 (6.1) 586 (21.1) 189 (8.6)

Trunk 4582 (41.1) 3711 (60.6) 827 (29.7) 1189 (54.1)

Upper limb 1835 (16.5) 811 (13.2) 550 (19.8) 372 (16.9)

Lower limb 3249 (29.1) 1228 (20.1) 819 (29.4) 448 (20.4)

Melanoma subtype, No. (%) <.001 <.001

Superficial spreading 8518 (76.4) 5434 (88.8) 1191 (42.8) 1570 (71.4)

Nodular 1394 (12.5) 249 (4.1) 754 (27.1) 216 (9.8)

Lentigo maligna 497 (4.5) 160 (2.6) 106 (3.8) 90 (4.1)

Acral lentiginous 74 (0.7) 21 (0.3) 62 (2.2) 16 (0.7)

Other 667 (6.0) 257 (4.2) 669 (24.0) 306 (13.9)

SN biopsy, No. (%) <.001 <.001

No 8839 (79.3) 5501 (89.9) 1830 (65.8) 1637 (74.5)

Yes 2311 (20.7) 620 (10.1) 952 (34.2) 561 (25.5)

Follow-up, median (IQR), y 4.2 (2.9-5.9) 5.1 (3.4-7.6) <.001 11.6 (4.2-19.2) 10.7 (3.8-16.7) <.001

Abbreviations: IQR, interquartile range; MIA, Melanoma Institute Australia; NA, not applicable; SN, sentinel node.
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Figure 2. Kaplan-Meier Curves for Regression-Free and Overall Survival by Regression Status for Dutch
and Melanoma Institute Australia Patients With Stage 1 and 2 Melanoma
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In the MIA cohort, the presence of regression was a signifi-
cant predictor of better RFS and OS for both these mela-
noma subtypes: for SSM, the HR was 0.67 (95% CI, 0.52-
0.85; P = .001) for RFS and 0.72 (95% CI, 0.59-0.88;
P = .001) for OS. For NM, the HR was 0.71 (95% CI, 0.53-
0.95; P = .02) for RFS and 0.73 (95% CI, 0.55-0.97; P = .03)
for OS. There was no statistically significant difference in
the percentage of melanomas that were of nodular subtype
in each Breslow thickness category in the 2 cohorts (P = .30,
eTable 6 in the Supplement).

Discussion
This study, to our knowledge the largest examination of re-
gression in melanoma patients performed to date, showed in
cohorts from 2 continents that the presence of regression was
a favorable prognostic factor for patients with stage 1 and 2
melanomas, especially those with thin and intermediate-
thickness tumors (Breslow thickness ≤4.0 mm) and those with
SSM subtype.

Two previous studies have also found regression to be a
favorable prognostic factor,8,9 but others have reported that
regression was not significantly associated with either RFS
or OS4,10-13 (eTable 7 in the Supplement), and 2 found that
histologic regression was associated with worse OS.14,15 A
systematic review and meta-analysis published by Gualano
et al25 in 2018 included 10 studies comprising 8557 patients,
and indicated that histological regression is associated with
improved survival. However, the studies that were included
were very heterogeneous in melanoma subtype, used differ-
ing definitions of regression, and most had limited samples
sizes, so that HRs for RFS ranged from 0.62 (95% CI, 0.43-
0.90) in 1 study,9 to 1.62 (95% CI, 0.58-4.54) in another
study12 that included only acral lentiginous melanomas.
Three additional studies have been published since that
review, with differing conclusions: Maurichi et al14 devel-
oped a nomogram to predict 12-year OS in 2243 patients
with thin (≤1.0 mm) melanomas and reported that regres-
sion was an independent predictor for worse survival

(in addition to age, mitotic rate, ulceration, lymphovascular
invasion, and SN status). Zugna et al8 reported better sur-
vival associated with regression when analyzing 264
patients with stage 3 SN-positive disease, and Ribero et al10

assessed 954 patients with melanomas smaller than 1 mm in
thickness and determined its predictive value for SN status,
RFS and melanoma-specific survival. In the latter study,10

regression was not found to be an independent prognostic
factor for survival, but was associated with a lower inci-
dence of SN-positivity. The lack of agreement in the litera-
ture may be partially explained by an absence of standard-
ized criteria for defining disease regression. In the earliest
study examining its prognostic utility, Clark et al15 required
a complete absence of tumor overlying or deep to the area
of regression. In contrast, other studies only required an
area of dermal regressive fibrosis to be present.9,10 This less
restrictive definition may have resulted in significantly
more tumors being classified as having regression, poten-
tially altering the calculated associations with outcomes. In
our experience, histologically unambiguous regression is
often associated with residual in situ or invasive melanoma.
It is possible that this difference in definition is, at least in
part, the reason for discordant findings between our study
and that of Clark et al.15

Only 2 previous studies have focused exclusively on
patients with stage 1 and 2 disease; 1 showed no survival
benefit when regression was present,11 whereas the other
did show a benefit.9 Nagore et al11 studied the histology of
823 stage 1 and 2 patients, with 10.3% showing regression.
On univariable analysis for RFS and OS they found no sig-
nificant benefit for regression (assessed by calculating HRs),
and therefore did not include it in their final prognostic
model that comprised Breslow thickness, primary tumor
site, sex, vascular invasion, mitoses, and ulceration. Ribero
et al9 studied 1693 patients with stage 1 and 2 cancer from a
single center in Italy; 20.6% showed regression, and they
reported an HR of 0.62 (95% CI, 0.43-0.90) for RFS and an
HR of 0.43 (95% CI, 0.23-0.80) for OS in the overall group.
These results are similar to ours, even though the percent-
ages of patients with regression in the current cohorts were

Table 2. Multivariable Cox Regression for Regression-Free and Overall Survival for All Dutch and MIA Patients
With Stage 1 and 2 Melanoma Not Adjusted for Mitotic Index

Variable Class

Recurrence-free survival Overall survival

Dutch (1522 events) MIA (836 events) Dutch (2231 events) MIA (1078 events)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Regression Present vs absent 0.55

(0.48-0.63)
<.001 0.61

(0.52-0.72)
<.001 0.87

(0.79-0.96)
.004 0.73

(0.64-0.84)
<.001

Ulceration Yes vs no 2.30
(2.03-2.61)

<.001 2.00
(1.70-2.34)

<.001 1.82
(1.64-2.02)

<.001 1.84
(1.61-2.12)

<.001

SN biopsy Yes vs no 1.09
(0.97-1.22)

.15 1.00
(0.87-1.16)

.97 0.72
(0.63-0.82)

<.001 0.83
(0.73-0.95)

.006

Breslow thickness Per mm 1.41
(1.38-1.44)

<.001 1.25
(1.22-1.29)

<.001 1.28
(1.26-1.31)

<.001 1.21
(1.18-1.24)

<.001

Sex Male vs female 1.41
(1.27-1.56)

<.001 1.26
(1.09-1.45)

.002 1.49
(1.37-1.62)

<.001 1.46
(1.28-1.66)

<.001

Age Per year 1.01
(1.00-1.01)

<.001 1.01
(1.01-1.01)

<.001 1.06
(1.06-1.07)

<.001 1.04
(1.04-1.05)

<.001

Abbreviations: HR, hazard ratio; MIA, Melanoma Institute Australia; SN, sentinel node.
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substantially higher (6121 Dutch patients [35.4%] showed
regression and 2198 MIA patients [44.1%]). In addition, we
found that regression was only a statistically significant
prognostic indicator in patients with thin or intermediate
thickness melanomas. In those with thick melanomas, the
presence of regression was less common (112 [13.1%] and 111
[20.2%] in the Dutch and MIA cohorts, respectively). A sta-
tistical consequence of this may be that regression lost its
relative prognostic significance compared with other prog-
nostic predictors in thick melanomas.

For patients with the SSM subtype, regression was asso-
ciated with improved RFS and OS in both cohorts. However,
for NM, the 2 cohorts showed mixed results. For RFS, the HRs
in both cohorts were less than 1, indicating consistent results
between the 2 cohorts, even though this was only statisti-
cally significant in the MIA cohort. For OS, the HR was 1.11 (95%
CI, 0.88-1.40; P = .37) in the Dutch cohort, and 0.73 (95% CI,
0.55-0.97; P = .03) in the MIA cohort. This likely reflects the
known stronger influence of other prognosis factors in pa-
tients with nodular melanomas.26

Strengths and Limitations
Strengths of our study include the large size of the patient co-
horts from 2 continents who were studied, the relatively long fol-
low-up in both cohorts, and the use of nationwide data as well
as data from a large, well-maintained institutional database. An-
other strength is that patients with stage 1 and 2 cancer were
stratified according to Breslow thickness category and mela-
noma subtype. A limitation is that there are no established guide-
lines for histologic assessment and reporting of regression; it was
interpreted subjectively by pathologists on the basis of the pres-
ence of a widely accepted pattern of characteristics.20 Even
though a recent study27 showed a high concordance between pa-
thologists (95.0%) for the reporting of regression, others have
reported lower concordance rates (74.2%).28 It is possible that

variation in the reporting of regression could account, at least
in part, for the inconsistent results of some previous, smaller
studies. However, given the large numbers that were included
in the present study, and the fact that the data were derived from
2 independent cohorts, the assessment of histopathologic re-
gression was not limited to the interpretation of a few patholo-
gists, but reflects how regression is interpreted in current clini-
cal practice by a large number of pathologists, increasing the
generalizability of our results. Another limitation is that when
no SN biopsy was performed, it was assumed that patients had
stage 1 or 2 disease. Although this is a plausible assumption be-
causemostpatientshadaBreslowthicknessof1.0mmorsmaller,
we cannot exclude the possibility that some patients might have
been upstaged to stage 3 if SN biopsy had been performed. An-
other limitation is that we had no information regarding treat-
ment with immunotherapy. The time frame of enrollment over-
lapped with the advent of effective immunotherapy for patients
with stage 4 disease (from 2012), which might have had a dif-
ferent efficacy in the presence or absence of regression. How-
ever, the stronger association with improved RFS than with OS
suggests that this was not a dominant factor. A final limitation
is that mitotic rate data were not available for the Dutch cohort;
however, when mitotic rate was included in the multivariable
analysis using MIA data our findings remained unchanged.

Conclusions
Consistent with several previous reports, the results of this
study, by far the largest reported to date, indicate that regres-
sion can be considered a favorable prognostic factor for pa-
tients with stage 1 and stage 2 melanomas. Those with thin and
intermediate-thickness tumors (Breslow thickness ≤4.0 mm)
and those with SSM subtype are most likely to have an im-
proved prognosis when regression is present.
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