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Abstract

Surgical excision is important for melanoma treatment. Delays in surgical excision after diagnosis of melanoma have been
linked to decreased survival in hospital-based cohorts. This study was aimed at quantifying the association between the
timeliness of surgical excision and overall survival in patients diagnosed with melanoma in hospital- and non-hospital-
based settings, using a retrospective cohort study of patients with stage O—III melanoma and using data linked between the
North Carolina Central Cancer Registry to Medicare, Medicaid, and private health insurance plan claims across the state.
We identified 6,496 patients diagnosed between 2004 and 2012 with follow-up through 2017. We categorized the time from
diagnostic biopsy to surgical excision as < 6 weeks after diagnosis, 6 weeks to 90 days after diagnosis, and > 90 days after
melanoma diagnosis. Multivariable Cox regression was used to estimate differences in survival probabilities. Five-year overall
survival was lower for those with time to surgery over 90 days (78.6%) compared with those with less than 6 weeks (86%).
This difference appeared greater for patients with Stage 1 melanoma. This study was retrospective, included one state, and
could not assess melanoma specific mortality. Surgical timeliness may have an effect on overall survival in patients with
melanoma. Timely surgery should be encouraged.
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Introduction

Electronic supplementary material The online version of this Nearly 100,000 people were diagnosed With melanoma
article (https:/doi.org/10.1007/s00403-020-02146-2) contains in 2019. Based on Surveillance, Epidemiology, and End
supplementary material, which is available to authorized users. Results (SEER) data, the incidence of invasive melanoma
increased more than threefold over the past 40 year [1]. Mel-
anoma is responsible for over 7,000 deaths annually, and it
is estimated that patients with melanoma potentially lose
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19 pandemic has resulted in delays in cancer surgery, par-
ticularly for early stage cancers, which may have important
implications for quality and equity of care.

In cancer, delays in treatment can result in increased mor-
bidity and mortality. For example, in breast cancer, shorten-
ing of delays to surgery has been associated with benefits
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comparable to some standard treatments [3]. Previous stud-
ies in melanoma have revealed that surgical delays greater
than 6 weeks, the suggested upper limit of standard of care,
between diagnosis and surgery are common and dispropor-
tionately affect non-white and low-income patients, who are
also at increased risk of poor clinical outcomes [4—7]. These
potentially preventable delays longer than 6 weeks without
definitive treatment could result in tumor progression and
worse survival outcomes [8]. While delays are a metric used
to assess quality of care received, less is known about how
these delays affect survival. Small studies assessing the asso-
ciation between timeliness of surgery and survival found no
effect on survival [9, 10]. In contrast, a recent U.S. national
study of patients with melanoma showed that a delay in sur-
gery of 90 days or more had a negative impact on overall
survival; however, this study included only patients with
melanomas diagnosed in hospitals, whereas most melano-
mas are diagnosed in the outpatient setting [11]. Our study
sought to address this gap in knowledge.

Using a unique data set linking data from a state-wide
cancer registry with insurance claims, we sought to quantify
the association between surgical delay and overall survival
among a diverse, insured population with widely varying
access to care. In addition, we examined whether the rela-
tionship between delays in care and survival differs by initial
stage at diagnosis.

Methods
Data source and study population

This was a retrospective cohort study of patients with inci-
dent stage O—III melanoma. The data were obtained from the
University of North Carolina Cancer Information Population
Health Resource (CIPHR), a data resource that links cancer
data from the North Carolina Central Cancer Registry to
administrative and claims data from Medicare, Medicaid,
and private health insurance plans across the state [12].
These data cover 70% of the cancer patients in North Caro-
lina. We included patients aged 20—100 years whose only
cancer diagnosis was melanoma. Patients were diagnosed
between 2004 and 2012 and were followed for up to 5 years
after diagnosis through 2017. Eligible patients were included
if they had continuous enrollment in their insurance plan
from 6 months prior through 12 months after diagnosis.
Patients were included if they had a skin biopsy, defined
as either an excision, skin biopsy, or shave removal proce-
dure code, occurring within 30 days before or 7 days after
melanoma diagnosis. Patients were excluded if their diag-
nosis was only identified from death certificate or autopsy.
In addition, patients were excluded if they did not undergo
an excision within the first year after being diagnosed with
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melanoma. Moreover, patients with Stage IV tumors were
excluded from this analysis because delays could have been
due to inoperability. Observations with missing or incom-
plete data for biopsy, excision, or stage at diagnoses were
excluded from the analytic sample. The University of North
Carolina Institutional Review Board approved the study.
Informed consent was waived due to the retrospective nature
of the study.

Variables

The primary outcome was overall survival, defined as the
time from surgical excision to death from any cause. Sur-
vival data were obtained from data in the North Carolina
Central Cancer Registry through 2017, which allowed
assessment of survival at 1, 3, and 5 years after diagno-
sis; patients were censored if no event was observed within
5 years of follow-up. Our primary explanatory variable was
surgical delay, defined as the time between biopsy and defin-
itive surgical excision and categorized into the following
categories: < 6 weeks after diagnosis, 6 weeks to 90 days
after diagnosis, and > 90 days after melanoma diagnosis.
We excluded surgical delays beyond 365 days due to small
number of cases. Potential confounders of the treatment—out-
come relation included the following: Age at diagnosis, sex,
race/ethnicity, American Joint Committee on Cancer (AJCC)
6th edition clinical stage of disease, tumor site, insurance
coverage at diagnosis, urban vs. rural residence, year of
diagnosis, specialty of the physician making the diagnosis
(dermatologist vs. other), excision facility (North Carolina
National Cancer Institute center vs. other), and comorbid
conditions. Stage of disease was categorized as stages O,
IA, IB, 11, and III; tumor site as head/neck, upper extremi-
ties, lower extremities, trunk, and other skin not otherwise
specified; and insurance coverage at diagnosis as having any
private, Medicare only, and any Medicaid. Residence was
dichotomized as rural and urban based on the Rural Urban
Commuting Area codes [13]. Comorbidities were assessed
using the Charlson Comorbidity Index and were categorized
as 0 vs. 1 or more comorbid condition present during the
6 months prior to diagnosis.

Data analysis

We estimated frequencies and proportions for categorical
variables, and medians and interquartile ranges for con-
tinuous variables. Between-group differences in propor-
tions and medians were assessed with chi-square tests and
Kruskal-Wallis one-way analysis of variance, respectively.
To estimate the effect of surgical delay on overall survival,
we estimated adjusted survival probabilities from multi-
variable Cox regression models. We calculated survival
differences and corresponding 95% confidence limits as
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the difference between surgical delay grouping’s survival
probabilities at 1, 3, and 5 years of follow-up. The refer-
ence group comprised patients who received surgical exci-
sion < 6 weeks after diagnosis. The proportional hazards
assumption was violated; consequently, we were not able
to present estimates of the hazard ratio. Age at diagnosis
was treated as a restricted quadratic spline with knots at
the 5th, 35th, 65th, and 95th percentiles in our statistical
model [14]. Moreover, to allow for flexible modeling, we
allowed age to interact with other covariates in the model.
The final statistical model including this flexibility had a
much lower Akaike Information Criterion compared with
the model with no interactions, suggesting a better model fit.
(AICFinal Model = 13* 6877 AICMain effects model — 13’785) Mul-
ticollinearity of variables in the final model was assessed
using the variance inflation factor of 5. Variables in the Cox
regression model included the following: age at diagnosis,
gender, race, insurance coverage, year of diagnosis, stage at
diagnosis, rurality, cancer group, whether the same provider
performed the biopsy and the excision, whether a diagnostic
test was performed by a dermatologist, whether the excision
was conducted at a North Carolina National Cancer Institute
Center, and the presence of 1 or more comorbid conditions.
In order to assess effect heterogeneity, we looked across cat-
egories of stage at diagnosis. For this analysis, we collapsed
stage at diagnosis into Stage 0, Stages IA/IB, and Stages I/
IIT and ran separate multivariable models to estimate sur-
vival probabilities and differences within each stratum of
stage at diagnosis. We attempted to investigate cause-spe-
cific mortality; however, the frequency of events was too low
to allow us to model the multivariable relationship.

Results
Analytic sample

Our analytic sample comprised 6,496 patients (Figure S1).
The sample was predominantly male (58%), non-Hispanic
White (98%), insured by Medicare (62%), had Stage O dis-
ease (50%), and had melanomas located primarily in the
head/neck (31%), upper extremities (27%), and trunk (27%)
(Table 1). Figure 1 presents the distribution of surgical delay
among the entire analytic sample; most patients had exci-
sion performed within 6 weeks of biopsy (84%), followed
by 6 weeks to 90 days (12%), and 90-365 days after biopsy
(4%). The distribution of patient comorbidities was similar
across biopsy—excision intervals (Table S1).

Differences in survival probabilities

The proportion of patients who survived after 5 years of fol-
low-up decreased with increased time to surgery from 86.4%

(less than 6 weeks) to 78.6% (greater than 90 days) (Table 1).
Survival probabilities were lower with increasing surgical
delay time throughout the course of follow-up (Fig. 2a).
These probabilities ranged from 99.9% survival after 1 year
of follow-up to 74.9% survival after 5 years of follow-up
(Table 2). The absolute differences in survival probabilities
(Spig) for those undergoing excision 90-365 days compared
with those < 6 weeks were moderate but increased over time:
at 1 year, (Sp;z —5.1%; 95% CL -8.0, —2.1), at 3 years
(Spi: —11.6%; 95% CL —18.7, —4. 6), and at 5 years of
follow-up (Spig: —15.0%; 95% CL —24.6%, —5.5%).

The effects of excision delay varied by cancer stage
(Table 3; Fig. 2a—d). Survival in stage O was not statistically
different across biopsy to surgical intervals. Specifically,
among patients with stage I disease, those whose surgical
excision took place 90-365 days after biopsy had a —51.3%
(95% CL —-72.0%, —30.6%) decrease in 5 year-survival
compared with those whose excision occurred < 6 weeks.
Among patients with stage II/III disease, at 1 year of follow-
up, there was a moderate, but not statistically significant
difference (-12.8% [95% CL —26.0%, 0.4%]) in survival
probabilities between those with excisions 90-365 days after
diagnosis vs. < 6 weeks.

Sensitivity analysis

Our sensitivity analysis utilizing a different categorization
for surgical delays greater than the 6-week guideline found
similar results as our primary analysis: we observed a similar
pattern where greater surgical delay interval was associated
with worse survival. The most pronounced difference was
among those who were treated more than 16 weeks after
biopsy (data not shown).

Discussion

We assessed the association of surgical delay on overall sur-
vival. We found that patients whose surgery was performed
90-365 days after biopsy had significantly lower probabili-
ties of survival compared with those whose surgery was
performed within the guideline-recommended 6 weeks of
diagnosis.

Our findings are qualitatively similar to the effect of a
90-day or longer delay on overall survival reported by Conic
and colleagues [11]. In their study, the hazard ratios for all-
cause mortality were 1.1 (95% CL 1.0, 1.2) for 90-119 day
delays and 1.1 (95% CL 1.0, 1.2) for > 120-day surgical
delays following biopsy. Similarly, among their Stage I sub-
group, they reported hazard ratios of 1.3 (95% CL 1.1, 1.5)
and 1.4 (95% CL 1.2, 1.7) for the 90-119 and > 120-day
delay surgery groups. As in our current study, Conic et al.
found no difference in survival for surgical delays in patients
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with stages II and IIT melanoma. Despite similar findings,
their population differed in that the data used was from the
National Cancer Database (NCDB) which only contains
information on hospital-based patients, whereas most mela-
nomas, particularly stage I melanomas, are diagnosed and
treated in the outpatient setting [15]. Nevertheless, both our
estimates of differences in survival probabilities in the over-
all sample as well as those diagnosed with stage I disease
support evidence for the association of surgical delay on
overall survival among patients with stage I melanoma, sup-
porting evidence that timely surgery may be an important
intervention to improve overall survival.

It was notable that the surgical delays were not associated
with lower survival in higher stage disease. It is possible that
stage I melanomas were incompletely biopsied or incom-
pletely staged; therefore, delays in surgery resulted in further
growth of residual tumor and potential for future metastasis.
Estimates of monthly growth rates of invasive melanomas
have been modeled between 0.11 mm/month and 0.49 mm/
month [8, 16]. However, it is perhaps more plausible that
our findings in early stage melanoma (Stage I) were dis-
similar to findings in later stages (Stage II/III) because of
small numbers in the latter group, which could have affected
our results. It is also possible that patients with significant
delays in surgery had disease burden not captured by the
Charlson Comorbidity Index (Table 1). However, when
stratifying delays by individual co-morbid conditions, dis-
ease burden is distributed similarly across biopsy—excision
intervals (Table S1). While this does not prove that overall
survival differences are attributed to melanoma, these find-
ings do suggest that co-morbidity may not explain the dif-
ferences entirely. Future studies analyzing the contributions
of the adjusted covariates may provide further risk factor
identification.

The National Academy of Medicine identified timely
delivery of health care services as one of six priorities for
quality health improvement in the U.S [17]. Delays affect-
ing morbidity and mortality have also been shown in lung,
bladder, and rectal cancers [18-20]. In this study, we dem-
onstrated an association between overall survival and treat-
ment timeliness; however, it is less clear what the factors,
including patient, provider, or tumor level that could explain
this association. A recent US national study of melanoma
patients treated in a hospital setting showed factors associ-
ated with longer time to surgery include nonwhite race, less
education, higher comorbidity burden, advanced stage, and
head or neck melanoma [21]. In particular, black patients
have been shown to have longer time to surgery for hos-
pital-based melanoma [22]. Some of these delays may be
explained by a higher proportion of acral lentiginous mela-
noma which may require coordination between unconnected
specialties, worsening delays. Compared with white patients
and patients with higher socioeconomic status (SES), black

P-value
<0.0001

%
7.1

biopsy
n=238
17

54

6 weeks — 90 days after 90 — 365 days after
%

biopsy
n=809

2.9 44

Within 6 weeks of
biopsy

n=>5430

158

34

Overall sample
6477

N
219

Yes

Reported p-values are based on Kruskal-Wallis one-way ANOVA for age at diagnosis, and Chi-square tests for categorical variables

IQR interquartile range, NH non Hispanic, NOS not otherwise specified, NCI national cancer institute

Melanoma specific mortality <5 years of excision

Table 1 (continued)

Characteristic
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patients and poor patients have lower melanoma survival
regardless of stage of disease [23, 24]. While sources of
these disparities could be due to differences in tumor biology
or delays in diagnosis, the lack of receipt of timely surgical
care could also be a contributing factor. Therefore, further
research should investigate whether potentially closing that
gap in surgical delay could reduce melanoma associated dis-
parities in outcomes, a subject of our future work.

Limitations

Our analytic sample was focused exclusively on insured
patients from North Carolina diagnosed between 2004 and
2012, so our estimates of the effect may not be general-
izable to other populations outside of the state. In addi-
tion, given our inclusion criteria of continuous insurance
through 12 months after diagnosis, we may have missed
patients who frequently cycle on and off insurance cov-
erage. Another limitation is the relatively sparse data
observed in later surgical delay categories. However, the
proportion of patients with late excisions in our sample
is similar to those previously reported [11]. In addition,
our estimates of the effect of surgical delay on survival
outcomes are based on the untestable assumptions that our
models are correctly specified and there is no uncontrolled
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confounding. We had insufficient power to evaluate mela-
noma-specific survival due to the low number of observed
events in our cohort; consequently, we were unable to
assess whether there is an effect of surgical delay on
mortality attributed to melanoma, a limitation of previ-
ous national studies [11]. Despite the inability to assess
melanoma-specific survival, our findings add to the grow-
ing literature on variation in melanoma care which may
adversely affect outcome [4, 11, 21, 22]. As more early
stage melanomas are diagnosed over time (a significant
proportion outside of the hospital setting), understand-
ing these patterns of care will be important for potentially
designing interventions to reduce disparities in melanoma
outcome. Finally, because of the nature of the data and in
context of our exclusion criteria, we cannot comment on
surgical excisions beyond 365 days.

Conclusions

Timely surgical excision is associated with improved overall
survival. Efforts should be made to ensure timeliness of sur-
gery for patients with melanoma in order to reduce potential
disparities in receipt of quality cancer care [4,11,21,22].
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Fig.2 Overall and stage-stratified adjusted survival probabilities according to biopsy — excision interval

Table 2 Adjusted survival probabilities and survival differences according to biopsy—excision interval (n=6,477)

Timing of  (A) (B) 6wks— (C) (B vs A) Sur- LCL UCL  P-value (CvsA) LCL UCL  P-value
follow-up <6wks 90 days 90-365 days  vival difference Survival

difference
1-year 99.9 99.6 94.8 -0.4 -0.8 0.1 0.140 -5.1 -8.0 -2.1  <0.001
3-year 95.2 92.9 83.6 -2.3 -72 2.6 0.349 -11.6 -18.7 -46 0.001
S-year 89.9 87.1 74.9 -2.8 -115 59 0.533 -15.0 -246 -55 0.002

—Biopsy-excision interval within 6 weeks is the reference group

—Survival difference (Sp;;) adjusting for age at diagnosis, gender, race, insurance, year of diagnosis, stage at diagnosis, rurality, cancer group,
whether the same provider performed the biopsy and the excision, whether a diagnostic test was performed by a dermatologist, whether excision
was conducted at a North Carolina National Cancer Institute Center, and the presence of 1 or more Charlson comorbid conditions

—-LCL: 95% Lower confidence limit; UCL: 95% upper confidence limit

—The null-value for comparison is Sp;=0 (i.e. Survival in both groups is the same)
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Table 3 Stage-Stratified adjusted survival probabilities and survival differences according to biopsy—excision interval (n=6,477)

Timing of  (A) (B) 6wks — (C) (B vs A) Sur- LCL UCL  P-value (CvsA) LCL UCL P-value
follow-up <6wks 90 days 90-365 days  vival difference Survival
difference
Stage 0
1-year 99.9 99.5 95.9 -04 -14 0.6 0.393 -4.0 -8.6 0.6 0.090
3-year 95.3 93.2 85.5 -2.1 -134 92 0.715 -9.8 -235 39 0.160
5-year 90.0 87.3 74.0 -2.7 -234 18.1 0.802 -16.0 -343 22 0.085
Stage [
1-year 99.9 99.9 96.9 -0.0 -0.2 0.1 0.651 -3.1 -8.8 2.7 0.292
3-year 98.4 99.0 62.5 0.7 -1.9 33 0.616 -35.7 -542 -17.3 <0.001
5-year 96.0 97.6 44.7 1.6 -4.7 8.0 0.616 -51.3 -72.0 -0.6 <0.001
Stage II/I1T
1-year 99.5 98.0 86.7 -1.5 -4.3 1.4 0.314 -12.8 -26.0 04 0.057
3-year 84.7 70.9 80.2 -13.8 -352 75 0.210 -4.6 -223 134 0.616
5-year 72.3 58.8 74.9 -13.5 -412 145 0.348 2.6 -19.9 252 0.819

—Biopsy-excision interval within 6 weeks is the reference group

—Survival difference (Sp;;) adjusting for age at diagnosis, gender, race, insurance, year of diagnosis, rurality, cancer group, whether the same
provider performed the biopsy and the excision, whether a diagnostic test by dermatologist, whether excision was conducted at a North Carolina
National Cancer Institute Center, and the presence of 1 or more Charlson comorbid conditions

—LCL: 95% Lower confidence limit; UCL: 95% upper confidence limit

—The null-value for comparison is Sp;z=0 (i.e. Survival in both groups is the same)
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