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Abstract

Background: Timely treatment for melanoma may affect survival, and characterizing the 

predictors of delay may inform intervention strategies.

Objective: To determine characteristics associated with the interval between diagnosis and 

surgery in melanoma.

Methods: The National Cancer Database was used to examine factors associated with the interval 

between diagnosis and surgery among 213 146 patients with stage I, II, or III cutaneous 

melanoma.

Results: Among privately insured patients, time to surgery was longer for patients aged 50 to 70 

years (hazard ratio [HR], 0.96) and older than 70 years (HR, 0.83) compared with those younger 

than 50 years. In contrast, patients without private insurance experienced a shorter surgical wait 

time if older (HR for age 5070 years, 1.07; HR for age >70 years, 1.05). Other factors associated 

with longer surgical interval included nonwhite race, less education, higher comorbidity burden, 

advanced stage, and head or neck melanoma location.

Limitations: Use of zip code—level data for income and education level.

Conclusion: Patients with melanoma experience disparities in timely receipt of surgery.
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The overall incidence of melanoma in the United States is rising, most rapidly among those 

aged 50 years and older.1–3 Survival decreases with higher disease stage; 5-year relative 

survival rates are 99%, 63%, and 20% for localized, regional, and distant disease, 

respectively.1,4,5

A recent National Cancer Database (NCDB) analysis showed that the interval between 

melanoma diagnosis and receipt of treatment is a determinant of survival.6 This was 

especially true for early stage disease; compared with patients with stage I melanoma who 

received surgical treatment within 1 month after biopsy, those who waited 30 to 59, 60 to 89, 

90 to 119, and at least 120 days experienced decreases in overall survival by 5%, 16%, 29%, 

and 41%, respectively.6

Because delay of definitive surgery may affect survival, it is imperative to identify possible 

targets for interventions aimed at improving pathways to timely care. Although an earlier 

NCDB-based publication highlighted the prognostic value of timely surgery, it did not 

examine factors affecting wait time.6 This study aimed to ascertain patient-, provider-, and 

disease-related independent predictors of the interval between melanoma diagnosis and 

definitive surgical treatment.

METHODS

Database and patient selection

The NCDB is a facility- based, prospectively acquired database and a joint project of the 

American College of Surgeons and the American Cancer Society.7–9 The NCDB was 

queried for patients with diagnosis of melanoma reported between January 1, 2004, and 

December 31, 2015. The study population included patients with American Joint Committee 

on Cancer pathologic stage I, II, or III melanoma who received definitive surgical therapy 

(Fig 1). The primary outcome was defined as the number of days between diagnosis and 

definitive surgical procedure. Reasons for exclusion were zero value for the primary 

outcome, missing primary outcome and last contact date, or missing covariate data.

Each study participant was characterized with respect to age (<50 years, younger; 50–70 

years, middle; >70 years, older), sex, race (white, nonwhite), insurance status (no insurance, 

private insurance, Medicaid, Medicare, other government insurance), residence 

(metropolitan [metro], urban, rural), distance to facility (≤25 miles, >25 miles), income, 

education, and comorbidities as assessed by Charlson-Deyo score (0, 1, ≥2).10,11 Household 

income and educational attainment were estimated by matching zip codes to 2012 American 

Community Survey data, categorizing the data into quartiles, and, for income only, adjusting 

for inflation to 2012 US dollar values.

Disease characteristics of interest included site (head and neck; trunk; extremity, shoulder, 

and hip), stage (1, 2, 3), laterality (right; left; midline; not paired/not specified/bilateral), 

histologic subtype, Breslow depth (≤1 mm, 1.01–2.00 mm, 2.01–4.00 mm, ≥4.01 mm), 

ulceration, mitoses, lymph vascular invasion, and year of diagnosis (2004–2006, 2007–2009, 

2010–2012, 2013–2015).
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The NCDB suppresses data on facility type and location (categorized into US Northeast, 

South, Midwest, or West) for patients younger than 40 years.

Statistical methods

Statistical analyses were performed in SAS, version 9.4 (Cary, NC). The unadjusted 

association between patient age and time from diagnosis to definitive surgery was examined 

by constructing Kaplan-Meier survival curves accompanied by the corresponding log-rank 

test. Multivariable Cox proportional hazards models were used to examine the same 

association after controlling for co-variates, with results expressed as adjusted hazard ratios 

(HRs) and 95% confidence intervals (CIs). An HR greater than 1 signifies a shorter time 

between diagnosis and surgery. To assess the clinical significance of observed results, we 

used model-derived adjusted HRs to estimate median wait time for patients with and without 

several risk factors considered simultaneously.12

Variables were tested for the proportional hazard assumption by evaluating log-log survival 

plots. Residency categories violated the proportional hazard assumption, prompting data-

driven reclassification. Data on residence and proximity to reporting facility were 

subsequently combined to create a single variable with 4 categories: metro ≤25 miles, 

nonmetro ≤25 miles, metro >25 miles, and nonmetro >25 miles.

Models were examined for interaction between age and each covariate by evaluating the 

corresponding product terms; statistically significant terms underwent additional analyses to 

compare stratum-specific results. Many of these terms reflected the large sample size rather 

than meaningful effect modification. However, the interaction between age and insurance 

status showed pronounced differences across stratum-specific results. The association 

between age and time to surgery was evident among persons with private insurance but was 

not statistically significant or was in the opposite direction among those receiving Medicaid, 

Medicare, or other government insurance and those without insurance. Thus, multivariable 

analyses were conducted separately for persons with and without private health insurance. 

Data were further explored through 2 sensitivity analyses: one evaluated the effect of facility 

characteristics, and the other examined the data among Medicaid and Medicare patients.

RESULTS

Study cohort characteristics

The analytic cohort included 213 146 patients with melanoma (Fig 1). The majority of 

participants were white men; the median age at diagnosis was 61 years. Table I further 

describes the study cohort characteristics.

Overall time to surgery

The median interval between diagnosis and surgery was 29 days among patients younger 

than 50 years, 30 days in 50- to 70-year-olds, and 33 days in those older than 70 years. The 

difference in surgical interval across these 3 groups was statistically significant (log-rank, P 
< .0001).
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Patients with private insurance

Among 119 541 patients with private insurance, the average wait time was longer for those 

50 to 70 years of age (HR, 0.96; 95% CI, 0.95–0.97; P < .0001) and older than 70 years 

(HR, 0.83; 95% CI, 0.81–0.85; P < .0001) compared with those younger than 50 years 

(Table II).

Other patient-related characteristics associated with longer interval from diagnosis to 

surgery included nonwhite race, low educational attainment, residence in a city suburb (ie, 

metropolitan area not in close proximity to reporting hospital), and 2 or more comorbidities. 

A longer wait time was also observed in patients with head or neck melanoma site and 

higher stage.

The clinical significance of the observed results is better understood by considering 2 

sociodemographically distinct groups of patients. The first group includes white patients 

diagnosed with stage 1 melanoma of the trunk; all patients in this group are younger than 50 

years, have no comorbidities, and reside in a nonmetro area with high average educational 

attainment that is close to a hospital. Based on the available data, the median interval 

between diagnosis and surgery in this group is 31 days. By contrast, a group that consists of 

nonwhite patients with stage 3 head or neck melanoma who are older than 70 years, have 2 

or more comorbidities, and live in a metro area with low average education and located far 

from a hospital have a median wait time of 59 days. The difference in median time to 

surgery between the groups is 28 days.

Patients without private insurance

Unlike privately insured patients, those with other types of insurance (n = 93 605) had a 

shorter surgical wait time if they were older (Table III). With patients younger than 50 years 

used as a reference, the HR for those 50 to 70 years of age and those older than 70 years was 

similar (HR, 1.07; 95% CI, 1.04–1.10; P < .0001 and HR, 1.05; 95% CI, 1.02–1.08; P = .

0006).

The associations of most patient-related factors with surgical wait time did not differ by 

insurance status; however, racial differences and associations with lower area-based levels of 

educational attainment were more pronounced. Although most associations with disease-

related characteristics were similar in patients with and without private insurance, the results 

for stage were stronger in the second group.

Extending the previous example to persons without private insurance, the median wait time 

among white patients with stage 1 trunk melanoma who are older than 70 years, have no 

comorbidities, and reside in a nonmetro area characterized by a highly educated population 

and located close to a hospital was 30 days. This is in contrast to an estimated median wait 

time of 58 days for a group of nonwhite patients with stage 3 head or neck melanoma who 

are younger than 50 years, have 2 or more comorbidities, and are living in a metro area 

characterized by low average educational attainment and located far from the hospital. Thus, 

there is a 28-day difference in median wait time between the groups.
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Sensitivity analyses

The results of sensitivity analyses controlling for facility location and type showed similar 

associations between patient age and surgery delay. Comparing 50- to 70-year-olds and 

those older than 70 years versus the reference group produced HRs (95% CIs) of 0.96 (0.95–

0.98) and 0.86 (0.83–0.88) among patients with private insurance. The corresponding HRs 

(95% CIs) for patients without private insurance were 1.07 (1.04–1.11) and 1.05 (1.02–

1.09). Subgroup analyses conducted separately for patients with Medicare and Medicaid 

produced similar associations between age and time to surgery in the former group, but the 

results in latter group were not significantly different from the null value.

DISCUSSION

Median time to definitive melanoma surgery differed between age groups, with older people 

experiencing the longest delay. A meaningful interaction between age and insurance type 

was observed: among patients with private insurance, older age was associated with a longer 

time to surgery when controlling for other factors. Conversely, older age was associated with 

a shorter time to surgery among patients without private insurance. Among either insurance 

type, factors associated with a longer time to surgery included nonwhite race, less education, 

farther distance from hospital facility, head or neck site, higher disease stage, and greater 

comorbidity burden.

Lott et al13 investigated delay of surgery, defined as more than 6 weeks between biopsy and 

surgical excision, for melanoma among Medicare beneficiaries using the linked 

Surveillance, Epidemiology, and End Results—Medicare database. After adjustment, the 

incidence of surgical delay was highest among patients older than 85 years with a history of 

previous melanoma and more comorbidities.13 More recently, Adamson et al14 examined 

how surgical delays vary by insurance type among patients with melanoma in North 

Carolina. The patients most likely to experience delay, defined as surgery more than 6 weeks 

after diagnosis, included those with Medicaid, of nonwhite race, and who did not have 

diagnosis or surgical treatment performed by a dermatologist.14

The impact of surgical wait time on survival in melanoma remains an area of uncertainty. In 

a retrospective analysis of 986 Scottish patients, the time between biopsy and excision was 

found to have no effect on overall disease-free or recurrence-free survival after adjustment.15 

Carpenter et al16 performed a prospective study with similar results: using a benchmark of 

28 days from biopsy to surgery they found no difference in overall survival. However, a 

trend of decreased overall survival was observed with an interval longer than 56 days.16 

More recently, Conic et al6 showed that time to definitive surgical treatment longer than 90 

days is associated with decreases in overall survival. For patients with stage I melanoma, a 

higher risk of mortality was seen for every group treated beyond 30 days after biopsy.6 

Outside of mortality benefit, the time to treatment interval is an important quality measure in 

melanoma care.

A notable finding of this study is the difference in the effect of age on surgical interval by 

insurance status. Older patients experience a delay to surgery more frequently than younger 

patients among the privately insured, but this result is the opposite among those without 
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private insurance. This finding may be due to coverage differences between Medicare 

(without supplement) and Medicaid and access among people with these insurance types. A 

previous study found that only 41% of dermatologists surveyed would accept new patients 

with Medicaid.17 Among dermatology practices, the new patient acceptance rate is lower 

and mean appointment wait time is 13 days longer for patients with Medicaid compared 

with Medicare or private insurance.18 It has been shown that patients with melanoma who 

are younger than 65 years and have Medicaid or are uninsured have worse all-cause and 

cause-specific survival,19 and perhaps a longer surgical interval, along with poor access, is 

contributing to this disparity.

Nonwhite patients are more likely to experience surgical delays than white patients. Despite 

composing a small proportion of those with melanoma diagnoses, nonwhite patients have 

poorer survival outcomes and present with more advanced disease, often attributed to low 

suspicion for melanoma in nonwhite patients by health care providers.20–22 Equalizing the 

surgical interval for nonwhite patients could be a step in improving melanoma care for all 

patients, regardless of skin color.

In all analyses, patients who lived closer to the hospital experienced shorter times to surgery, 

perhaps due to patient-related and logistical factors. Longer travel distances mean more time 

away from work, greater transportation expenses, and conceivably less psychosocial support. 

Increasing distance from a health care provider has been shown to be associated with with 

greater tumor depth at presentation and reflects overall access to care.23,24 Remote care 

through telemedicine may help in this regard, especially for preoperative visits.

Although income bracket was not a significant predictor after adjustment for facility-level 

factors, education appears to be important. Among patients with new melanoma diagnoses, 

those with a high school education were more likely to believe that their diagnosis was not 

serious compared with college-educated patients.25 Similarly, they were less likely to report 

that a physician had discussed melanoma risk factors, screening, or detection, reflecting 

suboptimal communication and health education practices.25 Perhaps the importance of 

timely surgery for melanoma is also not communicated.

Increasing time to surgery was seen in patients with more comorbidities, higher disease 

stage, and melanoma located on the head or neck. These factors may lead to complicated 

surgical approaches, perhaps limiting who can perform the surgery. It could also be that 

patients with greater comorbidity burdens require an additional anesthesia workup. Further 

research is warranted to identify specific roadblocks that patients face when navigating the 

health care system between diagnosis and surgical treatment.

Limitations

Although the NCDB captures almost 50% of new melanoma diagnoses in the United States,
8 it is a hospital-based registry and therefore may not include patients diagnosed and treated 

in community-based private practice settings.9,26 However, most melanomas treated in such 

outpatient settings are in situ or stage I and have low impact on mortality. Limitations 

include the use of zip code—level data on income and education, which may not provide an 

accurate measure of patient-level characteristics. Additionally, we did not analyze whether 
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each patient’s biopsy and definitive surgery were performed at the same institution. It is also 

reasonable to expect that a patient with a second primary melanoma would be more easily 

linked to care and, thus, timely surgery.

CONCLUSION

Patients with melanoma who are of nonwhite race, live farther from the health care facility, 

have less educational attainment, have more comorbidities, have melanoma of higher 

American Joint Committee on Cancer stage, or have melanoma located on the head or neck 

are more likely to have longer wait times from diagnosis to definitive surgical treatment than 

their peers. Elderly patients with private insurance experienced a longer time to surgery than 

nonelderly patients with private insurance, whereas those without private insurance 

experienced a shorter surgical interval than their younger counterparts. Public health 

intervention is warranted to address patient-, provider-, and facility-level factors contributing 

to surgical delay to improve care for all patients with melanoma.

The content is solely the responsibility of the authors and does not necessarily represent the 

official views of the National Institutes of Health. The data used in the study are derived 

from a deidentified NCDB file. The American College of Surgeons and the Commission on 

Cancer have not verified and are not responsible for the analytic or statistical methodology 

used or the conclusions drawn from these data by the investigator.
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CAPSULE SUMMARY

• Longer time to surgery may affect melanoma survival; older, privately insured 

patients and younger patients without private insurance experience delay more 

often.

• Interventions aimed at decreasing the interval between diagnosis and surgery 

should be targeted to specific populations.
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Fig 1. 
Flow diagram depicting exclusions to arrive at the analytic data set.
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