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Abstract: 241 words 

 

Purpose 

Statins may restrict cellular functions required for melanoma growth and metastasis. We examined 

whether long-term statin use commenced before diagnosis of the primary is associated with reduced 

risk of melanoma recurrence. 

Patients and methods 

We prospectively followed a cohort of patients newly diagnosed between 2010 and 2014 with 

localised tumour-stage T1b to T4b melanoma in Queensland, Australia. We used Cox-regression 

analyses to examine associations between long-term statin use and melanoma recurrence for the 

entire cohort, and then separately by sex and by presence of ulceration due to evidence of effect 

modification.  

Results  

Amongst 700 patients diagnosed with stage T1b to T4b primary melanoma (mean age 62, 59% male, 

28% with ulcerated tumours), 94 patients (13%) developed melanoma recurrence within 2 years. 

Long-term statin users (n=204, 29%) had a significantly lower risk of disease recurrence compared to 

non-users (Adjusted hazard ratio (HRadj) 0.55, 95% Confidence Interval (CI) 0.32-0.97) regardless of 

statin subtype or potency. Compared to non-statin users, risk of recurrence was significantly 

decreased in male statin-users (HRadj 0.39, 95% CI 0.19-0.79) but not female statin users (HRadj 0.82, 

95% CI 0.29-2.27) and in statin-users with ulcerated (HRadj 0.17, 95% CI 0.05-0.52) but not non-

ulcerated (HRadj 0.91, 95% CI 0.46-1.81) primary melanoma. 

Conclusion   

Statins commenced before melanoma diagnosis, may reduce the risk of melanoma recurrence, 

especially in males and those with ulcerated tumours. Clinical trial evaluation of the potential role of 

statins in improving the prognosis of high-risk melanoma is warranted.  



3 
 

Introduction 

Melanoma is the most serious form of skin cancer and incidence rates are increasing in most Caucasian 

populations, with the greatest disease burden occurring in Australian, North American and European 

populations1-3. Thin (≤1mm) localised melanomas are usually curable with surgical resection, with 

long-term patient survival exceeding 98% in the population4. Thick tumours and ulcerated tumours 

are associated with high rates of disease recurrence, and despite novel treatments for metastatic 

disease, long-term prognosis remains relatively poor5. Therefore, an important approach to 

decreasing disease burden is identifying other ways to halt disease progression and metastasis. With 

emerging preclinical evidence for the anticancer effects of commonly used medications such as 

statins, it has become a research priority to evaluate their potential efficacy in preventing recurrence 

or as adjunct treatment for advanced disease 6. 

Statins lower serum cholesterol by inhibiting the enzyme 3-hydroxy-3-methylglutaryl coenzyme A 

(HMG-CoA) reductase7 and have proven preventive and therapeutic effects in cardiovascular 

diseases8. Statins also reduce mevalonate production and its downstream products which play 

important roles in cancer biology by inhibiting pathways required for growth and metastasis9,10. We 

recently described the lower likelihood of statin users compared with non-users being diagnosed with 

ulcerated melanomas11, hypothesising that statins inhibited the inflammatory pathways associated 

with tumour ulceration12. Based on in-vitro13-15 and animal models16,17, it is further possible that 

statins’ anti-inflammatory properties inhibit growth and progression of melanoma cells. 

Epidemiological and clinical evidence regarding statins’ ability to prevent melanoma recurrence in 

humans is inconclusive however, as most published studies are limited by their use of crude outcome 

measures such as overall survival, or of routine cancer registry data which lack clinical and 

histopathological details 18-20.  

In order to justify expensive clinical trials, strong observational evidence for statins’ possible role in 

reducing melanoma recurrence is required. We therefore investigated the association between statin 
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use and melanoma recurrence in a large prospective study of patients newly diagnosed with primary 

melanoma at high risk of spread.  

 

Methods 

Study population 

Participants were recruited prospectively between 2010 and 2014, from various specialist public 

hospital clinics, private clinics of collaborating surgeons and pathology services in Queensland. 

Patients were invited to participate if they had a histologically-confirmed new diagnosis of tumour 

stage 1b to 4b cutaneous melanoma, were 16 years or older, and had capacity to complete the study 

questionnaire. Patients who were found to have macroscopic lymph node involvement or visceral 

metastatic disease within 30 days of the primary melanoma diagnosis were ineligible. Of 1,254 invited 

patients, 825 (66%) gave written consent to take part, of whom 125 (10%) later proved ineligible with 

additional clinical information (n=36) and the change from the 7th to the 8th AJCC melanoma staging 

criteria5 (n=89), leaving 700 eligible patients. Details of the study have been described elsewhere21. 

The study was approved by the Human Research Ethics Committees of the Metro South Health Service 

and the QIMR Berghofer Medical Research Institute.   

Data collection  

All participants completed a self-administered questionnaire at baseline giving personal details, 

including sex, age, height and weight, smoking history (current, ex-smoker, never smoked) and 

personal history of melanoma (later confirmed by histology reports). Information about melanoma in 

a first degree relative (yes, no) was obtained and whether participants had ever been diagnosed with 

diabetes or cardiovascular disease (yes, no). Patients were asked to report use of statins in the 

preceeding 5 years, including drug class, dosage (mg), frequency (daily, weekly, etc.) and starting and 

stopping dates. History of statin use was updated by questionnaire for all active participants in April 
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2016. For patients who were passive participants (no longer actively completing questionnaires), 

information on statin use was obtained from clinical records. 

Histological details of all primary melanomas were extracted from pathology reports including 

thickness (mm), presence of ulceration (yes, no), regression (yes, no) or mitosis (per mm2 or per high 

power field) as well as site (head or neck, trunk, upper limb, lower limb) and melanoma subtype. 

Results from sentinel lymph node biopsies (SLNB) (if performed) were collected from clinical notes 

and pathology reports.  

Patients completed 6-monthly follow-up questionnaires (repeat of baseline survey) in the first 2 years 

after diagnosis when melanoma recurrences were self-reported and then confirmed by histology, 

imaging and clinic reports. We defined a recurrence as histological or radiological evidence of a 

metastatic melanoma deposit (local, in-transit, lymph node or distant organ), diagnosed at least 1 

month after diagnosis of the primary melanoma. Hospital records and the Queensland Cancer Registry 

were searched 6-monthly for information about recurrences or deaths in patients passively followed 

up.  

Statistical analysis 

Based on patients’ responses to the baseline questionnaire or the follow-up statin survey, or 

information provided by clinic letters, patients were categorised as long-term statin users if they were 

taking 3 or more doses per week, every week, in the 2 years before until 1 year after primary 

melanoma diagnosis, and ever-users if they took statins for any continuous 3-month period. Based on 

biochemical properties, statins were classified as lipophilic (atorvastatin, simvastatin) or lipophobic 

subtypes (rosuvastatin, pravastatin); and low/moderate potency or high potency (high potency 

defined as atorvastatin ≥40mg or rosuvastatin ≥20mg)22. Body mass index (BMI) was calculated as 

weight (kg)/height (m)2 and categorised as <25, 25-30, or >30.  
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Baseline characteristics were described according to recurrence status (yes/no) and statin use 

(ever/never) with frequencies and proportions, and differences between groups were assessed using 

Pearson’s chi-squared test (significance level p<0.05). To determine whether statin use was associated 

with disease recurrence, we used unadjusted and adjusted proportional-hazard regression models 

with long-term statin use as the exposure variable and 2-year disease recurrence as the primary 

outcome variable. Those with no recurrence, and those who died within 2 years before a recurrence 

occurred (n=3, all melanoma-related deaths), were censored at 24 months or date of death 

respectively. We assessed confounding by patient and tumour characteristics and adjusted the final 

model for age, sex, diabetes, heart disease, smoking status and BMI. Proportionality was assessed 

using time-dependent covariates. Because of evidence of effect modification (identified with 

interaction terms; p<0.05), the final model was then also stratified by sex and ulceration. Subgroup 

analyses were conducted in patients with ulcerated tumours to examine the associations between 

statin potency and subtype and melanoma recurrence. We conducted several sensitivity analyses in 

the subgroup of patients with ulcerated tumours: excluding patients with a past history of melanoma; 

excluding patients with a positive SLNB; and including known prognostic factors as co-variates 

(thickness, mitotic rate, site of primary and subtype). Recurrence-free survival (RFS) proportions at 2 

years after diagnosis were calculated whilst stratifying by sex and ulceration. All analyses were 

conducted using SAS Version 9.4 (SAS Institute, Cary, NC). 

 

Results 

Patient and tumour characteristics  

Of the 700 participants (mean age 62 years, 59% male, 20% with a previous melanoma), 94 (13%) 

developed a confirmed recurrence within 2 years of diagnosis and during 15512.65 person-months of 

follow-up (recurrence rate: 6.1/1000 person-months)23. As expected, recurrence was more common 
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in patients with thick or ulcerated tumours, or with >3/mm2 mitotic rate or located on the head or 

neck; recurrence was less common in superficial spreading melanomas compared to other subtypes 

(all p<0.05) (Table 1). One-third of patients (n=223, 32%) had taken statins for at least 3 continuous 

months in the time from 2 years before until 1 year after diagnosis, while two-thirds had never taken 

statins (n=474, 67%). Statin history was unknown for 3 patients. Most statin users were long-term 

users (n=204, 92%) with only 12 (5%) patients ceasing statins before diagnosis of the study melanoma 

and 7 (3%) commencing statins after diagnosis. The most frequently used long-term statin was 

atorvastatin (n=100, 49%), while 56 (27%) used rosuvastain, 36 (18%) simvastatin and 7 (4%) 

pravastatin (5 (2%) were missing). Statin users versus non-users were more commonly male, older 

than 65 years, BMI >30 and more commonly had cardiovascular disease or diabetes (Table 2).  

Risk of recurrence 

A post-hoc power analysis indicated that our study had 90.7% power to detect a significant difference 

in recurrence rates for statin users versus non-users, for a significance level of p<0.05. The risk of 

melanoma recurrence within 2 years of diagnosis was significantly lower in the 204 (29%) long-term 

statin users compared to non-users of statins (HRadj 0.55, 95% CI 0.32-0.97) (Table 3). Patients who 

took statins for at least 3 months prior to melanoma diagnosis (n=216) also had a reduced risk of 

recurrence (HR 0.57, 95% CI 0.33-0.98), as did those who took statins for at least 3 months after their 

diagnosis (n=211) (HR 0.62, 95% CI 0.36-1.05). When conducting analyses by presence or absence of 

tumour ulceration, risk of recurrence was lower in statin users versus non-users with ulcerated 

tumours, but not in statin users with non-ulcerated tumours (HR 0.17, 95% CI 0.05-0.52; HR 0.91, 95% 

CI 0.46-1.81 respectively) (Table 3). Similarly, a lower risk of recurrence was seen in male users versus 

non-users but not female users versus non-users (HR 0.39, 95% CI 0.19-0.79; HR 0.82, 95% CI 0.29-

2.27 respectively). Amongst patients with ulcerated tumours, lipophilic subtypes as well as 

low/moderate potency and high potency statins, significantly reduced recurrence risk (Table 3). 
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The association between long-term statin use and melanoma recurrence persisted in sensitivity 

analyses conducted in subgroups of patients: with ulcerated tumours (n=195); after excluding patients 

with a past history of melanoma (HR 0.10, 95% CI 0.02-0.42); after excluding patients who had a 

positive SLNB at diagnosis (HR 0.22, 95% CI 0.07-0.74).  

Survival proportions  

2-year RFS was 89% for long-term statins users, versus 85% for non-users (p=0.2) (Table 4). For 

patients with ulcerated tumours, 2-year survival differed significantly according to whether or not they 

were long-term users of statins (88% versus 74% RFS respectively, p<0.0001). Statin use had the 

greatest impact on 2-year RFS in males with ulcerated melanomas, where males who were not taking 

statins had a 65% RFS, versus a 91% RFS for regular users (p<0.0001). 

 

 

Discussion  

This study of 700 patients with tumour stage T1b-T4 primary cutaneous melanoma suggests a 

dramatic effect of long-term statin use commenced prior to diagnosis in significantly lowering risk of 

melanoma recurrence within 2 years of diagnosis compared to recurrence rate in non-users. Statins’ 

apparent protective effect was greatest in male patients and those with ulcerated primary melanomas 

and did not differ by statin potency. 

Based on findings here and elsewhere 11,14-17, we propose that tumours in people exposed to statins 

during melanoma development adopt a less aggressive phenotype. Statins prevent the conversion of 

HMG-CoA to mevalonate, thereby reducing downstream products necessary for critical cellular 

functions10. Disruptions of these processes in melanoma cells by statins have been shown to reduce 

growth and metastasis in-vitro14,15, in animal16,17 and cohort11,19 studies. We propose that statins 
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render the tumour and its microenvironment less susceptible to tumour spread by inhibiting common 

pathways associated with tumour inflammation, ulceration and metastasis. In favour of this 

hypothesis is our previous finding that melanoma ulceration (a highly inflamed12,24-26 and proliferative 

phenotype associated with higher recurrence and death5) is less common amongst long-term statin 

users11. In our current study we observed that statins’ reduction of recurrence appeared strongest in 

ulcerated tumours, suggesting that in those developing ulcerated melanomas despite exposure to 

statins, the tumour and/or its environment were tempered by the drug. Limitations include the 

relatively short follow-up time, though our rates of first recurrence are consistent with reports from 

other populations27. It is possible that these findings could be explained by unrecognised confounding. 

The lack of dose-response relationship between statin use and disease recurrence also detracts 

somewhat from the biologic plausibility of our results. We were unable to validate patients’ 

medication use though it is unlikely that factors such as recall bias was differential and could explain 

our results given the prospective nature of the study. 

Statins’ protective effect may be greater in males, as observed here and elsewhere19. In fact, statin 

use appears to overcome the prognostic disadvantage of males compared with females19.  This may 

be partly explained by Rac1, the third most common somatic mutation in melanoma, being more 

common in men than women and studies demonstrate that statins counteract the biologic effect of 

this mutation28. It is also possible that males experience statins’ anti-melanoma immune responses 

more strongly 29, due to reported differences in the immune system and response to immune 

therapies between males and females30,31. Alternatively, sex differences may be due to unknown 

confounding or chance.  

The literature suggests that statins’ anticancer effects may differ by subtype and potency. Lipophilic 

statin subtypes can penetrate the plasma membrane (e.g. rosuvastatin and pravastatin) and have 

been reported to decrease melanoma cell viability under in-vitro conditions, yet the required dose 

may exceed safe levels32. Our findings showed that lipophilic statins at commonly prescribed doses 
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significantly reduced melanoma recurrence. In contrast, the anticancer effects of lipophobic subtypes 

which are unable to penetrate the cell membrane (e.g. atorvastatin and simvastatin) have been more 

inconsistent33. Whilst not statistically significant, our results are consistent with mouse34,35 and in-

vitro17 studies and suggest a protective effect in both lipophilic and lipophobic subtypes. Subgroup 

analyses were limited by small numbers and require validation in larger studies.  

Strengths of this study were its prospective design and well-characterised cohort. Detailed tumour 

characteristics were obtained from histology reports and inter-observer agreement in reporting 

melanoma features is high in Australia36. We used disease recurrence as our primary outcome and all 

recurrences were confirmed histologically and/or radiologically. Statin use was self-reported, with 

high consistency in reporting between surveys and clinic letters11. Most statin users were long-term 

users, with few patients starting or stopping within the 3-year study period.  

In conclusion, we have demonstrated that statin use commenced before and continued after 

melanoma diagnosis, may reduce the risk of disease recurrence. These findings strongly support 

further evaluation of the potential role of statins in improving the prognosis of high-risk melanoma.  
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Table 1. Baseline characteristics of 700 patients with primary melanoma in relation to 2-year 

disease recurrence   

 Total  
(700)  
N (%) 

No recurrence 
(n=606, 83%)  
N (%) 

Recurrence 
(n=94, 13%)  
N (%) 

Chi-square  
P-value  

Patient factors 

Age (years)   
   < 65  
    ≥65  

 
360 (51) 
340 (49) 

 
319 (53) 
287 (47) 

 
41 (56) 
53 (44) 

 
0.10 

Sex 
    Male  
    Female 

 
410 (59) 
290 (41) 

 
345 (57) 
261 (43) 

 
65 (69) 
29 (31) 

 
0.03 

Previous melanoma  
    No   
    Yes   

 
563 (80) 
137 (20) 

 
488 (81) 
118 (20) 

 
75 (80) 
19 (20) 

 
0.87 

Tumour factors 

Thickness (mm)  
    ≤1 
    >1 - 2 
    >2 - 4 
    >4 

 
121 (17) 
312 (45) 
178 (25) 
89 (13) 

 
115 (19) 
281 (46) 
145 (24) 
65 (11) 

 
6 (6) 
31 (33) 
33 (35) 
24 (26) 

 
<0.0001 

Ulceration 
    No 
    Yes 

 
504 (72) 
196 (28) 

 
454 (75) 
152 (25) 

 
50 (53) 
44 (47) 

 
<0.0001 

Mitosis (no./mm2) 
    <1 
    1-3 
    >3 

 
88 (13) 
296 (43) 
300 (44) 

 
83 (14) 
277 (47) 
233 (39) 

 
5 (5) 
19 (21) 
67 (74) 

 
<0.0001 

Subtype  
    SSM1 

    Nodular 
    Other2 

    Not classified3 

 
278 (40) 
172 (25) 
118 (17) 
132 (19) 

 
253 (42) 
145 (24) 
103 (17) 
105 (17) 

 
25 (27) 
27 (29) 
15 (16) 
27 (29) 

 
0.01 

Body site (location)  
    Trunk  
    Head/neck  
    Upper limb  
    Lower limb  

 
247 (35)  
154 (22) 
143 (21) 
156 (22) 

 
217 (36) 
116 (19) 
136 (22) 
137 (23) 

 
30 (32) 
38 (40) 
7 (8) 
19 (20) 

 
<0.0001 

 

1- Superficial spreading melanoma 

2- Other: lentigo maligna (18%), desmoplastic  (36%), naevoid (21%), spitzoid (4%), 

lentiginous (2%), acral lentiginous (7%), mixed (11%) 

3- Not classified: unable to classify (15%), not stated (84%), other (1%) 
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Table 2. Baseline characteristics of patients with primary melanoma in relation to statin use  

 Non-user 
(n=474)  
N (%) 

Ever-user5 

(n=223)  
N (%) 

Chi-square p-
value 
(n=95)  
N (%) 

Patient factors 

Age (years)   
    < 65    
     ≥65 

 
298 (63) 
176 (37) 

 
62  (28) 
161 (72) 

 
<0.0001 

Sex 
    Male  
    Female 

 
259 (55) 
215 (45) 

 
148 (66) 
75 (34) 

 
0.003 

Previous melanoma  
    No   
    Yes   

 
383 (81) 
91 (19) 

 
177 (79) 
46 (21) 

 
0.66 

BMI 
    <25 
    25-30  
    >30 

 
140 (32) 
189 (43) 
110 (25) 

 
38 (18) 
75 (36) 
94 (46) 

 
<0.0001 

Smoking  
    Never/ ex-smoker 
    Current smoker 

 
412 (92) 
38 (8) 

 
199 (93) 
16 (7) 

 
0.66 

Cardiovascular disease 
    No 
    Yes 

 
446 (94) 
28 (6) 

 
162 (73) 
61 (27) 

 
<0.0001 

Diabetes 
    No  
    Yes  

 
445 (94) 
29 (6) 

 
158 (71) 
65 (29) 

 
<0.0001 

Tumour factors 

Thickness (mm)  
    ≤1 
    >1 - 2 
    >2 - 4 
    >4 

 
80 (17) 
219 (46) 
121 (25) 
57 (12) 

 
41 (18) 
93 (42) 
57 (26) 
32 (14) 

 
0.65 

Ulceration 
    No 
    Yes 

 
336 (71) 
138 (29) 

 
167 (75) 
56 (25) 

 
0.27 

Mitosis (no./mm2) 
    <1 
    1-3 
    >3 

 
54 (12) 
203 (43) 
210 (45) 

 
34 (16) 
93 (43) 
90 (41) 

 
0.31 

Subtype  
    SSM1 

    Nodular 
    Other2 

    Not classified3 

 
192 (41) 
121 (25) 
70 (15) 
91 (19) 

 
86 (39) 
48 (22) 
48 (21) 
41 (18) 

 
0.15 

Body site (location)  
    Trunk  
    Head/neck  
    Upper limb  
    Lower limb  

 
174 (37) 
104 (22) 
92 (19) 
104 (22) 

 
71 (32) 
49 (22) 
51 (23) 
52 (23) 

 
0.57 

1- Superficial spreading melanoma 

2- Other: lentigo maligna (18%), desmoplastic  (36%), naevoid (21%), spitzoid (4%), lentiginous (2%), acral lentiginous (7%), mixed (11%) 

3- Not classified: unable to classify (15%), not stated (84%), other (1%) 

4- missing=3 

5- Ever user: any continuous 3 month period from 2 years before diagnosis until 1 year after diagnosis 
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Table 3: Risk of 2-year melanoma recurrence in long-term statin users  

 
 

Non-
user  

Non-user 
with 
recurrence 

Long-
term 
Statin 
user  

Long-term 
statin user 
with 
recurrence 

Non-
user 

Statin user 
HR (95% CI) 

P-value 

All patients1  

Statin use  
     Unadjusted  
     Adjusted for age, sex  
     Adjusted2 

     Adjusted3 

 
493 
493 
493 
493 

 
71 
71 
71 
71 

 
204 
204 
204 
204 

 
22 
22 
22 
22 

 
1.00 
1.00 
1.00 
1.00 

 
0.73 (0.45-1.18) 
0.59 (0.36-0.97) 
0.53 (0.30-0.92) 
0.55 (0.32-0.97) 

 
0.20 
0.04 
0.02 
0.04 

  Stratified analyses2 

Sex  
     Male 
     Female 

 
274 
219 

 
51 
20 

 
133 
71 

 
13 
9 

 
1.00 
1.00 

 
0.39 (0.19-0.79) 
0.82 (0.29-2.27) 

 
0.009 
0.70 

Ulceration  
     Non-ulcerated 
     Ulcerated 

 
351 
142 

 
34 
37 

 
153 
51 

 
17 
5 

 
1.00 
1.00 

 
0.91 (0.46-1.81) 
0.17 (0.05-0.52) 

 
0.79 
0.002 

Combined 
     Male, nonulcerated 
     Male, ulcerated 
     Female, nonulcerated 
     Female, ulcerated 

 
184 
90 
167 
52 

 
20 
31 
14 
6 

 
99 
34 
54 
17 

 
11 
2 
6 
3 

 
1.00 
1.00 
1.00 
1.00 

 
0.98 (0.42-2.28) 
0.05 (0.006-0.43) 
0.92 (0.26-3.19) 
0.23 (0.03-1.91) 

 
0.96 
0.006 
0.89 
0.17 

Subgroup analyses (ulcerated tumours) 

Subtype  
     Lipophilic3  
     Lipophobic4 

 
142 
142 

 
37 
37 

 
30 
14 

 
3 
2 

 
1.00 
1.00 

 
0.15 (0.03-0.69) 
0.30 (0.07-1.33) 

 
0.01 
0.11 

Potency5  
     Low/moderate  
     High 

 
141 
141 

 
37 
37 

 
24 
21 

 
3 
2 

 
1.00 
1.00 

 
0.20 (0.04-0.93) 
0.18 (0.04-0.78) 

 
0.04 
0.02 

 

1. Missing=3 

2. Adjusted for age, sex, BMI, diabetes, heart disease and smoking   

3. Adjusted for age, sex, BMI, diabetes, heart disease, smoking, thickness, ulceration, 

mitotic rate, subtype, body site 

4. Lipophilic: atorvastatin and simvastatin 

5. Lipophobic: rosuvastatin, pravastatin 

6. Missing dose=7 
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Table 4: 2-year survival proportions by long-term statin use, by sex and tumour ulceration  

 2-year 
survival 
proportion 

Log-rank 
p-value  

Statin use 
     Non-user  
     User 

 
85% 
89% 

 
0.20 

Statin use, stratified by sex  
     Male, non-user  
     Male, user 
     Female, non-user  
     Female, user  

 
81% 
89% 
91% 
88% 

 
0.009 

Statin use, stratified by ulceration  
     No ulceration, non-user 
     No ulceration, user 
     Ulceration, non-user 
     Ulceration, user     

 
90% 
89% 
74% 
88% 

 
<0.0001 

Statin use, stratified by sex and ulceration  
     Male, no ulceration, non-user 
     Male, no ulceration, user 
     Male, ulceration, non-user 
     Male, ulceration, user  
     Female, no ulceration, non-user  
     Female, no ulceration, user 
     Female, ulceration, non-user  
     Female, ulceration, user  

 
89% 
89% 
65% 
91% 
92% 
89% 
88% 
82% 

 
<0.0001 
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