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Abstract

Background—The ideal timing for melanoma treatment, predominantly surgery, remains 

undetermined. Patient concern for receiving immediate treatment often exceeds surgeon or 

hospital availability, requiring establishment of a safe window for melanoma surgery.

Objective—To assess the impact of time to definitive melanoma surgery on overall survival.

Methods—Patients with stage I to III cutaneous melanoma and with available time to definitive 

surgery and overall survival were identified by using the National Cancer Database (N = 153,218). 

The t test and chi-square test were used to compare variables. Cox regression was used for 

multivariate analysis.

Results—In a multivariate analysis of patients in all stages who were treated between 90 and 119 

days after biopsy (hazard ratio [HR], 1.09; 95% confidence interval [CI], 1.01–1.18) and more 

than 119 days (HR, 1.12; 95% CI, 1.02–1.22) had a higher risk for mortality compared with those 

treated within 30 days of biopsy. In a subgroup analysis of stage I, higher mortality risk was found 

in patients treated within 30 to 59 days (HR, 1.05; 95% CI, 1.01–1.1), 60 to 89 days (HR, 1.16; 

95% CI, 1.07–1.25), 90 to 119 days (HR, 1.29; 95% CI, 1.12–1.48), and more than 119 days after 

biopsy (HR, 1.41; 95% CI, 1.21–1.65). Surgical timing did not affect survival in stages II and III.

Limitations—Melanoma-specific survival was not available.

Conclusion—Expeditious treatment of stage I melanoma is associated with improved outcomes.
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Cutaneous malignant melanoma (MM) is the fifth most common cancer among men and 

seventh among women.1,2 Rates of melanoma continue to rise in the United States and 

worldwide, and melanoma will be diagnosed in approximately 2.1% of the U.S. population 
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in their lifetime.3–5 Furthermore, approximately 76,380 new cases of melanoma will be 

diagnosed in 2016, and 10,230 people will die of melanoma.2

The standard of care is surgery, which can include sentinel lymph node biopsy (SLNB) or 

lymphadenectomy depending on melanoma stage.3,6 On diagnosis, the majority of 

melanomas are confined to a primary site (84%), with occasional spread to regional lymph 

nodes (9%) and metastasis (4%).3 The estimated 5-year relative survival is 98.4% if confined 

to a primary site, 62.4% if lymph nodes are affected, and 17.9% if distantly metastatic.3

Intuitively, a more expeditious treatment after cancer diagnosis should lead to better 

outcome. The data analysis of the National Cancer Database (NCDB) showed a better 

overall survival (OS) if time to treatment initiation (TTI) was reduced for head and neck 

squamous cell carcinoma and breast cancers.7,8 Despite this likely relationship between TTI 

and survival, there are only a few small and predominantly retrospective studies examining 

the impact of TTI on melanoma survival.9–11

Although conclusive data regarding impact of time to definitive (ie, surgical) treatment on 

melanoma survival are lacking, there has been speculation regarding “ideal” TTI. The 

current recommendation for definitive melanoma treatment is within 3 to 4 weeks following 

diagnosis in the United States and 4 to 6 weeks in Europe.12,13 To address this issue, we 

used the NCDB to evaluate the effect of time from biopsy to definitive surgery on melanoma 

OS.

METHODS AND MATERIALS

The NCDB is a clinical oncology database established in 1989 as a joint project of the 

Commission on Cancer (CoC) of the American College of Surgeons and American Cancer 

Society. A business associate agreement, including a data use agreement, between the 

American College of Surgeons and CoC accredited facilities is in place. The NCDB is a 

facility-based database, representing 48.4% of all melanomas diagnosed in the United 

States.14,15 This database contains cases of patients 18 or older who received all or part of 

their first course therapy at a reporting cancer program.16 These data were provided to the 

authors by the NCDB in a de-identified file, with prior approval from the Cleveland Clinic 

Institutional Review Board.14

Patients in whom malignant melanoma had been diagnosed from 2004 to 2012 were 

identified from the NCDB by using the International Classification of Diseases for Oncology 

codes. Included cases had follow-up time, living status, TNM stages I to III, and TTI longer 

than 0 but no longer than 365 days.

We defined TTI as time from biopsy to definitive surgery. A small percentage of the patients 

had excisional biopsy listed as their definitive surgery, resulting in a time of 0 days to 

biopsy, and these patients were excluded; this rate was similar between the stages, with 

12.5% excluded from stage I, 12.5% from stage II, and 11.7% from stage III. In addition, 

patients treated after more than 365 days were excluded on account of probable existence of 

other factors affecting the decision to postpone surgery. SLNB data before 2012 were not 

provided to researchers; however, this information was available to the NCDB and used for 
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staging.17 In addition, information on compliance with National Comprehensive Cancer 

Network guidelines was unavailable.

We identified 419,787 cases, of which 210,650 were TNM stage I to III (Fig 1). After 

exclusion of patients without follow-up, 183,622 cases remained. Lastly, patients without a 

time to definitive surgery or a time longer than 365 days were excluded, leaving 153,218 in 

our final cohort, which corresponded to 37% of the initial cohort.

Variables that can influence melanoma treatment and outcomes, such as age, sex, 

comorbidity status, insurance type, treating facility type and location, primary site, laterality, 

histologic type, and melanoma stage were analyzed. Follow-up ranged between 3 and10 

years, and patients who remained alive once their observation period ended were censored. 

Survival data are based on OS.

Statistical analysis

Available covariates included age, sex, race, insurance type, facility location, facility type, 

comorbidity score, tumor site, laterality, and cancer stage. Age at diagnosis was categorized 

as younger than 30, 30 to 39, 40 to 49, 50 to 59, 60 to 69, 70 to 79, and older than 79 years. 

Insurance type was classified as Medicare, Medicaid, private insurance, other type of 

government insurance, no insurance, or insurance status unknown. Facility type was 

classified as academic/research program, community cancer program, comprehensive 

community cancer program, integrated network cancer program, other, or unknown. The 

Charlson-Deyo comorbidity score was designated as 0 if patients had no comorbidities, 1 if 

there was 1 comorbidity, and 2 if there were 2 or more comorbidities, with comorbidities 

defined as previously published.18 Tumor site was designated as head and neck, upper 

extremities, trunk, lower extremities, overlapping, or not specified. Tumor laterality was left, 

right, midline, or unknown. Breslow depth was categorized as less than 1 mm, 1.01 to 2.0 

mm, 2.01 to 4.0 mm, more than 4 mm, or not specified. Ulceration and lymphovascular 

invasion (LVI) were classified as present, not present, or unknown. TNM stages IA and IB 

were combined into stage I; stages IIA, IIB and IIC were combined into stage II; and stages 

IIIA, IIIB and IIIC were combined into stage III.

Time of surgery was categorized as 1 to 29, 30 to 59, 60 to 89, 90 to 119, and more than 119 

days after biopsy on the basis of current clinical recommendations and knowledge. For 

univariate analysis, the chi-square test and t test were used. Data were presented as number 

and percent for categoric variables and as mean and standard deviation for continuous 

variables. Multivariate analysis was conducted by using a Cox proportional hazards model. 

Subgroup analysis was performed by stage because of its high impact on survival. Statistical 

significance was achieved with an α value less than 0.05. The data analysis was performed 

using R statistical software (version 3.2.4, R Foundation for Statistical Computing, Vienna, 

Austria).

RESULTS

We identified 153,218 patients, of whom 71,950 were treated 30 days or more after biopsy. 

Specifically, 44.9% of stage I melanomas were treated 29 or more days after biopsy, as were 
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50.3% of stage II and 51.3% of stage III melanomas (Supplemental Fig 1; available at http://

www.jaad.org). Furthermore 9% of stage I melanomas were treated 59 or more days after 

biopsy, as were 11.8% of stage II and 11.7% of stage III melanomas. Patients with a longer 

TTI tended to be older, be male, be using Medicare, have more comorbidities, have head and 

neck melanoma, have a higher Breslow thickness, be less likely to be ulcerated or have LVI, 

and be at a higher stage compared with those with a shorter TTI (Supplemental Table I; 

available at http://www.jaad.org).

Unadjusted analysis of TTI showed improved survival for patients with shorter waiting 

times, with patients who were treated 30 to 59 days after biopsy having 14% worse OS, with 

40% worse OS for those treated 60 to 89 days after biopsy, 63% worse OS for those treated 

90 to 119 days after biopsy, and 70% worse OS for those treated more than 119 days after 

biopsy compared with patients treated within the first 29 days (Fig 2, A). In addition, 

unadjusted analysis of stage based on TTI showed worse prognosis with longer TTI, which 

was most apparent in stage I (Fig 2, B to D).

Multivariate adjustment for age, race, sex, comorbidities, year of diagnosis, hospital 

location, laterality, primary site, histologic type, Breslow depth, ulceration, LVI, insurance 

status, and stage was used for all models.

All-stage model

After adjustment, there were no differences in survival for patients with a TTI less than 90 

days (Supplemental Table II [available at http://www.jaad.org] and Fig 3, A). Patients who 

were treated within 90 to 119 days and after 119 days were 9% and 12% more likely to die, 

respectively, than were those treated within 30 days. Patients with a Breslow depth of 1.01 to 

2.00 mm, 2.01 to 4.00 mm, and more than 4.0 mm had a 12%, 25%, and 80% greater chance 

of death, respectively, than those with a Breslow depth less than 1.0 mm regardless of other 

factors. Worse outcomes were present with increasing age, male sex, head and neck 

melanoma, ulceration, LVI, and more comorbidities.

Stage I model

Following adjustment, patients who waited between 30 and 59 days after biopsy had 5% 

worse survival; those who waited 60 to 89 days had 16% worse survival; those who waited 

90 to 119 days had 29% worse survival; and those who waited longer than 119 days had 

41% worse survival (Supplemental Table III [available at http://www.jaad.org] and Fig 3, B). 

Patients with a Breslow depth of 1.01 to 2.0 mm had 35% worse survival than those with a 

Breslow depth less than 1.0 mm independent of other factors. Additional factors that 

negatively affected survival were older age, male sex, more comorbidities, nodular or acral 

melanoma, a diagnosis of head and neck melanoma, midline tumors, and ulceration or LVI. 

Factors that positively affected survival were having private insurance, lower extremity 

melanoma, and desmoplastic melanoma. In an effort to pinpoint the breakpoint at which TTI 

starts to significantly affect survival, we analyzed TTI in 2-week intervals, with the 

breakpoint being between 43 and 56 days. The exact day at which TTI becomes important 

for survival could not be identified, likely because of an insufficient number of events.
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Stage 2 model

After adjustment, there were no differences in survival times between the 5 TTI categories 

(Supplemental Table IV [available at http://www.jaad.org] and Fig 3, C). Younger age, 

female sex, lack of comorbidities, desmoplastic or spindle histologic type of melanoma, 

upper or lower extremity melanoma, and lower Breslow depth favorably affected survival. 

Factors that negatively affected survival were Medicaid, acral melanoma, head and neck 

melanoma, and ulceration or LVI.

Stage 3 model

As in stage II, there were no differences in survival between the 5 TTI categories after 

adjustment (Supplemental Table V [available at http://www.jaad.org], Fig 3, D). Older age at 

diagnosis, male sex, Medicaid, acral melanoma, higher Breslow depth, and presence of 

ulceration or LVI negatively affected survival. Patients with fewer comorbidities, melanoma 

on the extremities, and desmoplastic melanoma had better survival.

DISCUSSION

In this study, we were, to the best of our knowledge, the first to show that OS decreases in 

patients waiting longer than 90 days for definitive surgical treatment of melanoma regardless 

of stage. Moreover, we believe that we are reporting for the first time that delay of surgery 

beyond the first 29 days for stage I melanoma negatively OS when 30-day intervals are used. 

Furthermore, when TTI was analyzed in 2-week intervals for stage I, we found that the 

critical time point at which TTI in the 30- to 59-day group leads to worse outcomes is 

between 43 and 56 days.

The finding that increasing TTI negatively affects survival of patients with earlier stages of 

cancer is similar to the findings of several nonmelanoma studies. In a recent report, Bleicher 

et al used the NCDB to examine the impact of TTI on breast cancer OS by stage, concluding 

that there is a 16%mortality increase for each 30-day increase in waiting time in stage I and 

a 9% increase in stage II but no effect on stage III.8 Similarly, an analysis of head and neck 

squamous cell carcinoma found that patients with stage I and II squamous cell carcinoma 

who waited 31 to 60 days had a 17% increase in mortality, whereas those waiting 61 to 90 

days had a 54% increase in mortality; in comparison, there was no effect on mortality for 

those with stage III or IV disease who waited 31 to 60 days and an 8% increase for those 

who waited 61 to 90 days.7

Because of the much smaller cohort size, and thus lower statistical power, prior studies 

examining the impact of TTI on melanoma survival were not able to examine their data in 

the same level of granularity as ours, which explains why these outcomes have not been 

previously reported. For example, McKenna et al found no impact of TTI in OS or disease-

specific survival regardless of melanoma stage, in a cohort of 986 patients.9 Similarly, 

Carpenter et al concluded that there was no difference in OS or disease-specific survival in 

473 patients who waited less than or more than 28 days for treatment.19 Lastly, Parret et al 

found no difference in OS after analyzing TTI on the basis of groups of patients who waited 

less than or more than 40 days.20
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We hypothesize that the negative effect of prolonging TTI on early-stage melanoma is 

visible as a result of the lower baseline mortality found in these patients. However in stages 

II and III, the potential benefits of a shorter TTI are likely overshadowed by a higher 

metastatic potential and baseline mortality. In other words, it appears that prompt initiation 

of definitive treatment is beneficial in stage I melanoma but likely not in stage II or III.

Stages II and III melanoma are likely influenced by time to diagnosis, the importance of 

which is illustrated by several national studies and programs created to increase patient 

suspicion and physician recognition, leading to a decreasing incidence and mortality.5,21–24 

For example, the state of Israel had the second highest incidence and mortality due to 

melanoma in the world; however, following prevention and detection efforts, its incidence 

rate dropped to 13th place for men and 20th place for women, whereas mortality dropped to 

eight and 10th place, respectively.22,23,25 Furthermore, rates of melanoma in situ increased, 

indicating a higher awareness and increase in early detection.22,25 Next, in an effort to 

improve waiting time after identification of a suspicious lesion, the United Kingdom 

implemented a “2-week” rule, according to which patients needed to see a specialist within 2 

weeks of being referred by their general practitioner for any suspicion of cancer. Following 

implementation of this rule, detected melanomas were lower in stage and OS was 

significantly improved.21 Finally, following implementation of a new systematic skin cancer 

screening program in Germany, rates of mortality due to melanoma decreased.5 The findings 

of these studies support our hypothesis and indicate that detection in early stages and prompt 

treatment initiation following identification likely result in decreased mortality.

Our study comes at a critical time in melanoma treatment. Stage I melanoma is typically 

treated by various specialties, including general practitioners, dermatologists, 

otorhinolaryngologists, general surgeons, surgical oncologists, and plastic surgeons, leading 

to high variability in approach and treatment.26–29 Furthermore, even in a single specialty, 

there is a high variability in physicians’ treatment approach for stage I melanoma; this 

includes controversy in performing SLNB.30 Finally, as a larger variety of physicians can 

treat stage I melanoma, a disproportionate number of cases may not be captured in the 

NCDB, which could have influenced our data. This fact may limit the applicability of our 

conclusions to CoC reporting facilities. However this concern is likely balanced by the fact 

that the database contains almost half of all melanomas treated in the United States. In 

contrast, stage II and III melanomas tend to be treated by specialists who perform SLNB and 

lymphadenectomy; given many guidelines such as those from the National Comprehensive 

Cancer Network, this coalesced group of surgeons likely deal with these advanced stages by 

using a more algorithmic approach. Our data highlight the need for stricter adherence to 

recommended TTI and standardization of the treatment approach for physicians who treat 

stage I melanoma.

Lastly, our data provide critical information for ensuring safety in managing and planning 

neoadjuvant trials for melanoma. Neoadjuvant treatment, in which patients are treated before 

definitive surgical treatment, is used primarily in stage II and III melanoma and may result in 

delay of surgery.31–33 Despite current controversies in neoadjuvant therapy, currently there 

are 26 active neoadjuvant trials for MM, indicating that neoadjuvant trials will continue as a 
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scientific endeavor.34,35 According to our data, TTI does not affect OS in these stages, 

allowing temporal freedom to maximize preoperative/“neo” components.

CONCLUSION

In conclusion, we found that definitive surgical treatment for stage I melanoma should be 

expeditious, whereas definitive surgical treatment for stage II and III may not affect OS in 

the current milieu of melanoma. Furthermore, expeditious patient identification and biopsy 

could migrate would-be stage II and III patients to stage I, where TTI optimization can be 

used to further improve their OS. On the basis of the available literature combined with our 

data, it is likely that these times are underoptimized and greater efforts to improve the entire 

process from suspicion of melanoma to its ultimate treatment should be implemented.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CAPSULE SUMMARY

• Impact of time to treatment on survival in melanoma remains uncertain.

• Prolonging time to treatment of melanoma negatively affects stage I but not 

stage II and III survival.

• Expeditious treatment of stage I melanoma could improve survival.
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Fig 1. 
Flowchart presenting selection of patients from the National Cancer Database.
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Fig 2. 
Graphic representation of adjusted and unadjusted hazard ratios by time to treatment 

initiation. Point estimates represent hazard ratios. Bars represent 95% confidence intervals. 

A, Unadjusted hazard ratios by time to treatment initiation. B, Unadjusted hazard ratio for 

days to treatment in stage I. C, Unadjusted hazard ratio for days to treatment in stage II. D, 

Unadjusted hazard ratio for days to treatment in stage III. Asterisks denote statistical 

significance.
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Fig 3. 
Graphic representation of adjusted hazard ratios by time to treatment initiation. Point 

estimates represent hazard ratios. Bars represent 95% confidence intervals. A, Adjusted 

hazard ratios by time to treatment initiation. B, Adjusted hazard ratio for days to treatment in 

stage I. C, Adjusted hazard ratio for days to treatment in stage II. D, Adjusted hazard ratio 

for days to treatment in stage III. Asterisks denote statistical significance.
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