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Abstract

Background and Aim: While studies continually identify new clinical prognostic fac-

tors in stage IV melanoma, the introduction of targeted and immunotherapies have

revolutionised the prognosis of advanced melanoma since 2011. The study aims to

investigate the prognostic significance of past and newly identified clinical factors in

a contemporary cohort.

Methods: A retrospective analysis of The Canberra Hospital melanoma database

identified 161 patients with Stage IV melanoma between 2011 and 2017. Survival

was analysed by demographics and clinical factors with chi-square tests to determine

significance. Logistic binary regression was performed to test the independence of

the clinical factors on predicting the survival outcome.

Results: Overall, the 3-month, 6-month, 9-month, and 12-month stage IV melanoma

survival rate of our cohort was 79%, 67%, 55%, and 45%, respectively. Age, sex, and

BRAF mutation status were found to have no impact on survival, whereas M1d cate-

gory of the American Joint Committee on Cancer (AJCC) staging (8th edition), neu-

trophil-lymphocyte ratio (NLR) >3, elevated serum LDH, more than three metastatic

sites, brain metastases, poorer Eastern cooperative oncology group (ECOG) status

were associated with poorer survival. Binary logistic regression test identified AJCC

staging, NLR (cutoff score 3), LDH, and brain metastases as independent prognostic

factors.

Conclusion: Most clinical factors investigated in this study were found to have a sta-

tistically significant impact on survival, with AJCC (8th edition) staging M1a-M1d,

NLR (cutoff score 3), LDH, and brain metastases identified as independent prognostic

factors in stage IV melanoma from a contemporary cohort treated with targeted ther-

apies and immunotherapies.
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1 | INTRODUCTION (BACKGROUND)

Early studies demonstrated that patients with advanced melanoma

have a median survival duration of 6–8 months, with an overall 5-year

survival rate of 2%–6%.1–3 Since 2011 the landscape of melanoma

has changed with new treatments, including targeted therapies such

as BRAF inhibitors (dabrafenib and vemurafenib), and MEK inhibi-

tors—(trametinib and cobimetinib), as well as immunotherapies includ-

ing anti-CTLA-4 antibody (ipilimumab), and anti-PD-1 antibodies

(pembrolizumab and nivolumab). The median survival of advanced

melanoma has now increased to approximately 1–2 years, and the

overall 5-year survival also increased to 15%–23%.4–8 These novel

therapies, either in combination or as monotherapy, provide signifi-

cant survival improvements compared with traditional cytotoxic che-

motherapies.4,6,9–12 However, numerous studies had shown that the

prognosis of melanoma, as well as treatment outcomes, are also influ-

enced by a number of clinical factors, including site and number of

metastases, serum lactate dehydrogenase (LDH) level, neutrophil-to-

lymphocyte ratio (NLR), and Eastern Cooperative Oncology Group

(ECOG) performance status of the patient.1,6,13–20

Melanoma can metastasize both haematogenously and lymphati-

cally with rapid systemic dissemination to distant vital organs that are

critical for patient's survival.17 Brain metastasis, for example, is very

common in Stage IV melanoma, with approximately 50% of patients

developing brain metastases during their disease course.6,13,17,21 This

is associated with an extremely poor prognosis, with a median overall

survival of approximately 3 months.6,13,17,21 Other sites of common

visceral metastases also include lung, liver, and small bowel. The

American Joint Commission on Cancer (AJCC) developed the AJCC

melanoma staging system classifying Stage IV melanoma into four

subcategories - M1a, M1b, M1c, and M1d based on the sites of

metastases.22 Early studies reported M1c—visceral metastases, typi-

cally had the worst prognosis, followed by M1b—lung metastasis

without other visceral metastases, and M1a- distant skin, subcutane-

ous, or nodal metastases without other visceral metastases.16,17 In

2017, adjustments were applied to the AJCC staging system, and

M1d- brain metastases with or without other visceral metastases, was

added as a new category separated from the previous M1c group and

predicted to have a poorer prognosis.22

Furthermore, studies have also demonstrated that patients who

have less than 3 metastatic sites of disease and normal baseline serum

LDH predict a better survival outcome with targeted treatments such

BRAF and MEK inhibitors, and thus, a better prognosis.12,18 Elevated

serum LDH is a well-known prognostic factor associated with poor

survival outcomes of melanoma as well as many other cancers, includ-

ing, colorectal, lung, breast, prostate, and germ cell cancer, and has

been recently reported as a strong predictive marker for poorer

response with immunotherapies.13–16,23 Recently, there is increasing

evidence indicating NLR, a biomarker of inflammatory status (calcu-

lated by dividing the number of circulating neutrophils with lympho-

cyte counts), has a prognostic value for the survival of melanoma,

especially with those patients treated with immunotherapies.19,24,25

Studies have reported that high NLR was predictive of poor overall

survival, and NLR >3 showed poorer response to immunotherapies in

patients with melanoma.24–27 However, the findings were also sug-

gested to be inconclusive, as the cut-off point varied between studies

and treatments.19 ECOG, a scale measuring performance status has

also been a useful prognostic indicator.17,20 Studies have reported

that better ECOG, along with female gender and young age, typically

showed better melanoma prognosis.17,20 In addition, though still dis-

putable, several studies suggested BRAF status—a mutation occurring

in approximately 50% of melanoma cases, could be a prognostic fac-

tor, as BRAF positive melanomas were typically more aggressive than

those BRAF negative.28–30

In summary the literature findings show advanced AJCC stage,

the presence of brain metastasis, the number of metastatic sites

greater than 3, high NLR ratio, elevated serum LDH, male with older

age and poorer ECOG status, BRAF positive are likely to convey

worse survival outcomes. This paper aims to investigate the correla-

tion between these clinical prognostic features and the survival out-

comes in a real-world cohort of patients.

2 | MATERIALS AND METHODS

2.1 | Study design

The study is a retrospective analysis of data collected from medical

records from The Canberra Hospital (TCH) and Calvary Public Hospi-

tal Bruce (CPHB) in Canberra, Australian Capital Territory (ACT), Aus-

tralia. TCH and CPHB are the major tertiary and secondary public

hospitals in Canberra, with 672 and 250 beds, respectively, catering

to a population of around 550 000, which includes those from

regional New South Wales (NSW). The melanoma database main-

tained by TCH Department of Medical Oncology, records all the

patients who received consultations or treatments for melanoma. Eli-

gibility of patients for the study was first determined based on their

stage of melanoma recorded in the melanoma database. Further data

collection was done via accessing Australian electronic medical record

systems including CHARM, Clinical Portal, CIS information systems,

and Capital Pathology by using unique patient identifiers. The study

was approved by the Calvary Public Hospital Bruce Human Research

Ethics Committee on 8/Nov/2018 and ANU Human Research Ethics

Committee on 25/Sept/2019. All the data were first recorded in

Microsoft Excel and subsequently analysed by the statistical software-

IBM SPSS Statistics.

2.2 | Inclusion and exclusion criteria

Patients with Stage IV metastatic melanoma, de novo or developed

from pre-existing lesions, were included in the study. Those patients

with cutaneous, mucosal, and melanoma of unknown primary were

included, but ocular melanomas were excluded. We restricted our

patient population to those who were diagnosed with Stage IV mela-

noma between 2011 and 2017. However, patients who diagnosed
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with Stage IV melanoma before 2011 were also included if they

remained active after 2012. Patients were required to have at least 1

year of follow up unless they had died within a year after the initial

date of stage IV melanoma diagnosis. Patients without a clear date of

diagnosis, or regular follow up scans, and blood test measurements

were excluded. Patients who were deceased but without the date of

death were also excluded. For the patients who remained active, the

censoring date was 8/Nov/2018 which was the date we received

ethics approval and commenced data collection.

2.3 | Data collection and statistical analysis

The data collected included: (i) gender and age, (ii) date of stage IV mela-

noma diagnosis, (iii) AJCC Staging 8th edition, (iv) number of metastatic

sites, (v) serum LDH level and NLR, (vi) ECOG performance status at the

time of diagnosis, (vii) date of death for the deceased patients.

The initial date of diagnosis was determined as the date stage IV

disease was radiologically confirmed along with histological result of

metastatic melanoma. Both the AJCC stage and number of sites

metastasis were determined by reviewing the initial radiological

assessment (PET-CT or CT) that confirmed the diagnosis. Patients

were stratified based on AJCC 8th edition staging system for mela-

noma. All radiological imaging was interrogated and the incidence of

brain metastases during their disease course was noted.

Pathology testing including serum LDH, neutrophils, and lympho-

cytes level were collected from the blood test closest to confirmed

Stage IV melanoma diagnosis prior to treatment. The NLR ratio was

calculated by dividing neutrophil count with lymphocyte count.

The ECOG performance status was collected from the clinical

notes recorded in CHARM or deduced by the medical oncologist and

skin cancer specialist nurse at TCH based on the descriptions of the

patient's status.

BRAF mutation was classified into three categories: (i) BRAF posi-

tive—which included V600E, V600K, and V600R, (ii) BRAF negative—

absence of BRAF mutation or non-druggable BRAF mutations, (iii) not

performed.

The treatment groups were classified into five categories: (i)

patients received targeted therapy but no immunotherapy, (ii) patient

received immunotherapy but no targeted therapy, (iii) patients received

both targeted and immunotherapy (irrespective of sequence), (iv)

patients received no targeted or immunotherapy but had received

other therapies, including chemotherapy, surgical metastasectomy, or

radiotherapy, (v) patients received no treatments or palliative-care

treatment alone. Immunotherapies included in this cohort were ipili-

mumab, pembrolizumab, or nivolumab, either in combination or mono-

therapy. Targeted treatments included were dabrafenib, vemurafenib,

trametinib or cobimetinib, either in combination or monotherapy.

The survival duration was calculated in months (from the initial

date of diagnosis with Stage IV melanoma to date of death), and for

the active patients, the censoring date was 8/Nov/2018. We pre-

sented stage IV melanoma survival rate in 3-month, 6-month, 9-month,

and 12-month by demographics and clinical factors listed above. Chi-

square tests were performed to test differences of frequencies and

statistical significance. Factors that identified to have a significant

impact on survival by chi-square were subsequently selected and per-

formed logistic binary test, to assess whether each individual factor

served as an independent prognostic factor. Kaplan–Meier survival

curves were also generated to present the survival pattern of the inde-

pendent prognostic factor identified by the binary logistic regres-

sion test.

3 | RESULTS

A total of 161 patients were identified for this analysis from TCH mel-

anoma database. The dates of diagnosis with stage IV melanoma were

between 28/May/2010 and 3/Nov/2017. The majority of the

patients were deceased at the time of collection, with only 38 (24%)

reported active at the censoring date. The median overall survival

duration of our cohort was 9 months (95%CI = 6.24–11.8 months).

Patient characteristics are summarised in Table 1, and stage IV

melanoma-specific survival rates by demographic and clinical factors

are shown in Table 2. Tables 3 and 4 describe the result of the binary

logistic test, while Figure 1 illustrates the Kaplan–Meier survival

curves of different factors.

3.1 | Patient demographics and clinical
characteristics

The median age was 68 years (range: 22–84), with 95% of patients

over age of 40. Hundred one (63%) subjects were male. About 60%

were BRAF negative with 1 case identified with the rare K601E muta-

tion, and 5% of patients did not have the BRAF mutation test. M1d

was the predominant AJCC stage, accounting for 35% of our cohort,

followed by M1c (34%), M1a (17%) and M1b (14%). In total, 53% of

patients developed brain metastases during their disease course. The

median number of metastatic sites was 2, with 53% of subjects report-

ing less than three metastatic sites. Thirteen (8%) patients did not have

serum LDH available. Of the remaining subjects, 90 (56%) patients

were identified with elevated LDH and 59 (37%) with normal LDH.

The median of NLR was 3.78, with (63%) detected with NLR higher

than 3. 34 (21%) patients did not have their ECOG recorded and could

not be deduced based on their clinical notes. The remaining subjects

were predominately ECOG 1 (37%), followed by ECOG 0 (21%), ECOG

2 (17%), and ECOG 3 (4%). Lastly, immunotherapies were the predomi-

nant treatment used in this cohort, with a total of 59% of patients

receiving checkpoint inhibitors (45% of those with immunotherapies

only and 14% with both targeted and immunotherapies) (Table 1).

3.2 | Survival rate and prognostic factor analysis

Overall, the 3-month, 6-month, 9-month, and 12-month stage IV mel-

anoma survival rate of our cohort was 79%, 67%, 55%, and 45%,
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respectively. The survival rate by demographics and clinical factors

are summarised in Table 2, and chi-square tests were performed to

test the significance of the difference. Our finding suggests that age,

sex, and BRAF were unlikely to have an impact on survival outcome,

with no statistical difference reported across 3, 6, 9 and 12-month

survival (Table 2). AJCC stage M1a, M1b, M1c, and M1d, number of

metastatic sites, brain metastases, serum LDH level, NLR, ECOG, and

treatment, all suggested having a statistically significant impact on sur-

vival outcome based on the findings of chi-square analysis (Table 2).

M1a patients demonstrated the highest 3-month (100%), 6-

month (100%), 9-month (96%) and 12-month (89%) survival, followed

by M1b (100%, 87%, 70%, and 61%). M1d had a slightly better 3-

month survival (79%) than the M1c (76%), but in general M1c had bet-

ter survival compare to M1d, with higher survival rate in 6-month

(67% vs. 44%), 9-month (57% vs. 28%), and 12-month (44% vs. 19%)

(Table 2). The chi-square p-values of AJCC stage in 3, 6, 9 and 12-

month survival were all significant (.003, <.001, <.001, and <.001

respectively).

Number of metastatic sites less than three had better survival in

3-month (94%), 6-month (83%), 9-month (70%), and 12-month (59%)

compare to cases with more than three metastatic sites (73%,

49%,39%, and 29% respectively), and the differences were all statisti-

cally significant with p-values all reported with <.001 (Table 2). Brain

metastases had no statistically significant impact on survival within

3 months (p-value = .751), however showed poorer survival outcomes

beyond 3-months, with survival rates significantly lower in 6, 9, and

12-months compare to cases with no brain metastases (Table 2).

Subjects with elevated serum LDH level had poorer 3-month

(80%), 6-month (59%), 9-month (44%), and 12-month (33%) compare

to subjects with normal serum LDH (86%, 80%, 74%, and 63%,

TABLE 1 Characteristics of the patients, according to study
cohort

Characteristic No. of patients Percentage (%)

Overall 161

Age at diagnosis, years

Median age (range), years 68 (22–84)

<39 8 5

40–64 58 36

≥65 95 59

Sex

Male 101 63

Female 60 37

AJCC 8th edition stagea

M1a 27 17

M1b 23 14

M1c 54 34

M1d 57 35

Number of metastatic sitesa

Median 2

≥3 75 46

<3 86 53

Brain metastases during the disease course

Yes 85 53

No 76 47

Serum LDH levela

Elevated 90 56

Normal 59 37

Missing 13 8

NLRa

Median 3.78

>3 102 63

<3 59 37

BRAF statusb

Positive 57 35

Negative 96 60

Not done 8 5

ECOGa

0 34 21

1 59 37

2 28 17

3 6 4

Missing 34 21

Treatmentc

Immunotherapies (IO) 73 45

Targeted therapies 30 19

Both (IO and targeted) 23 14

TABLE 1 (Continued)

Characteristic No. of patients Percentage (%)

Other treatments 24 15

No treatment 11 7

Note: No treatments group included patients who declined treatment or

received with only palliative treatment.

Abbreviations: AJCC, denotes American Joint Committee on Cancer;

ECOG, Eastern Cooperative Oncology Group; LDH, lactate

dehydrogenase; NLR, neutrophil-to-lymphocyte ratio.
aAt the initial diagnosis with Stage IV melanoma.
bThe BRAF positive included V600E, V600K, and V600R. BRAF negative

included those with no BRAF mutation +1 case detected with K601E

mutation.
cImmunotherapies treatments included ipilimumab, pembrolizumab or

nivolumab, either in combination or monotherapy. Targeted treatments

included with dabrafenib, vemurafenib, trametinib or cobimetinib either in

combination or monotherapy. Both (IO and targeted)—referred to the case

which experienced both immunotherapies and targeted therapies. Other

treatments referred to patients who received no targeted or

immunotherapy, but received other therapies, including chemotherapy,

surgical metastasectomy or radiotherapy.

4 of 10 HU ET AL.
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respectively), and the differences were all statistically significant (p-

value: .01, .001, <.001, <.001, respectively) (Table 2).

NLR of more than three had poorer 3-month (79%), 6-month

(63%), 9-month (49%), and 12-month (36%) survival rates compared

to NLR less than 3 (93%, 75%, 66%, and 61%, respectively), although

the difference in 6-month survival was not significant (p-value =0.1).

The differences in 3,9, and 12-month survival were all statistically sig-

nificant (p-value: .02, .036, and .002, respectively).

TABLE 2 Stage IV melanoma-specific survival rate (%) by demographics and clinical factors

Characteristic 3 months

Chi-square

p-value 6 months

Chi-square

p-value 9 months

Chi-square

p-value 12 months

Chi-square

p-value

Overall 79% 67% 55% 45%

Age at diagnosis, years

<39 100% .092 75% .243 50% .195 50% .321

40–64 83% 64% 53% 43%

≥65 84% 68% 57% 46%

Sex

Male 88% .448 70% .729 59% .906 49% .926

Female 78% 62% 48% 40%

AJCC 8th edition stagea

M1a 100% .003* 100% <.001* 96% <.001* 89% <.001*

M1b 100% 87% 70% 61%

M1c 76% 67% 57% 44%

M1d 79% 44% 28% 19%

Number of metastatic sitesa

≥3 73% <.001* 49% <.001* 39% <.001* 29% <.001*

<3 94% 83% 70% 59%

Brain metastases

Yes 84% .751 55% .001* 39% <.001* 29% <.001*

No 86% 80% 74% 63%

Serum LDH levela

Elevated 80% .01* 59% .001* 44% <0.00*1 33% <.001*

Normal 95% 85% 76% 69%

Neutrophil-to-Lymphocyte ratio (NLR)a

>3 79% .02* 63% .1 49% .036* 36% .002*

<3 93% 75% 66% 61%

BRAF status

Positive 91% .074 75% .084 56% .761 39% .235

Negative 80% 61% 54% 49%

ECOGa

0 97% <.001* 76% <.001* 68% <.001* 53% <.001*

1 92% 80% 69% 59%

2 79% 43% 36% 25%

3 33% 17% 0% 0%

Treatmenta

Immunotherapies (IO) 86% .001* 73% <.001* 66% <.001* 60% .002*

Targeted therapies 93% 70% 47% 37%

Both (IO and targeted) 100% 91% 78% 48%

Other treatments 67% 46% 29% 25%

No treatments 55% 18% 18% 9%

aFactors likely have an impact on survival outcome based on Chi-square findings.

*p-value by Chi-Square <.05.
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Patients with ECOG 3 had the worst 3-month (33%), 6-month

(17%), 9- month (0%) and 12-month (0%) survival, followed by ECOG

2 (79%, 43%, 36%, and 25% respectively). The chi-square p-values of

ECOG in 3, 6, 9 and 12-month survival rate were all significant with p-

value <.001 (Table 2). Mix findings were reported between ECOG 0

and ECOG 1, with ECOG 0 had better 3-month survival than ECOG 1

(97% vs. 92%), but poorer 6-month (76% vs. 80%), 9-month (68% vs.

69%), and 12-month survival (53% vs.59%) (Table 2).

Similar to the ECOG, the chi-square test suggested treatment as a

whole had significant impact on in 3, 6, 9, and 12-month survival (p-

value: .001, <.001, <.001, .002, respectively), but less united pattern

on showing which subgroup had the best survival outcome (Table 2).

However, overall, it appeared the group who received both immuno-

therapies and targeted therapy during their disease course had the

best survival rate (3-month: 100%, 6-month: 91%, 9-month: 78%, and

12-month: 48%), followed in order by the group receiving only immu-

notherapies (86%, 73%, 66%, and 66%, respectively), targeted thera-

pies only (98%, 70%, 47%, and 37%, respectively), traditional

treatments only (67%, 46%, 29%, and 25%, respectively), and no treat-

ments (55%, 18%, 18%, and 9%, respectively) (Table 2).

Based on the findings of Table 2, we selected the AJCC stage,

brain metastases, number of metastatic sites, serum LDH level, NLR,

ECOG, and treatment to perform binary logistic regression for inde-

pendent prognostic factor investigation. However, we tested the

AJCC stage and brain metastases separately as these two factors have

some overlaps in classification (as M1d also indicated brain metasta-

ses). Both binary logistic regression test showed serum LDH, NLR

(with cutoff score 3) were independent prognostic factors (Tables 3

and 4). Both the AJCC stage and brain metastases were found to be

capable of predicting the survival outcome of stage IV melanoma

independently (Table 3 and Table 4). The Kaplan–Meier overall sur-

vival curves further illustrated the pattern of each factor, and the find-

ings all corresponded to the survival trends described in Table 2, with

advanced AJCC stage, Elevated LDH, High NLR and the presence of

brain metastasis reported with poorer survival outcome.

4 | DISCUSSION

Our study included 161 cases of stage IV melanoma diagnosed

between 2010 and 2017 at TCH. The median overall survival duration

of our cohort was 9 months (95%CI = 6.24–11.8 months), with 123

(76%) cases deceased at the time of data collection. Our samples were

predominately males, while the median age was 68, ranging between

22 and 84, with 95% of the cohort over the age of 40. Overall, these

demographic findings did correspond to the worldwide and Australia

epidemiological trends reported, which indicated melanoma was more

common in male and age group over 40.31,32

We distributed the Stage IV melanoma incidence by demo-

graphics and clinical factors and by 3, 6, 9, and 12-month melanoma-

specific survival data (Table 2). Overall, the 3, 6, 9, and 12-month sur-

vival rates were 79%, 67%, 55%, and 45%, respectively. Our cohort's

median overall survival duration and 12-month survival rate were sim-

ilar to the findings of studies prior to or around 2011, in which tar-

geted and immunotherapies were emerging or not yet widely

available, with estimated median overall survival length of 6–9 months

and 12-month survival rate of 40%–45%.1–3,14,17 However, since 78%

of our cases received novel treatments introduced after 2011, our

overall survival results were lower than we expected. This was likely

associated with high prevalence of brain metastases at the time of

diagnosis, accounting for 53% of our cohort. However, this might also

be due to the fact that the management of stage IV melanoma has

only just been revolutionised within the last 5 years, that most of the

novel treatments were not available to patients on Australian Pharma-

ceutical Benefits Scheme (PBS) until 2015.33 Many of the novel treat-

ments were only accessible on clinical trial (unavailable in Canberra) at

the time our patients were diagnosed with Stage IV melanoma, and

thus, many of our patients only received these treatments at a later

stage of their disease course.

In general, our findings on prognostic factors were mostly in line

with past studies, showing that advanced AJCC stage, number of met-

astatic sites >3, brain metastases, elevated serum LDH level, NLR >3,

and poorer ECOG status, were associated with poor survival out-

comes.1,6,13–20,27 However, we did not find any statistically significant

difference in melanoma-specific survival in different age groups, sex,

and BRAF status, which early studies typically reported male, age over

65, and BRAF positive as factors associated with poorer prognosis of

melanoma.1,6,13–20 Since our cohort was predominately male (63%),

TABLE 3 Test of independent prognostic factor (AJCC 8th
edition stage)

Clinical factors p-Value

Number of metastatic sites .466

LDHa .005*

AJCC Version 8 stagea .01*

NLRa .001*

ECOG .076

Treatment .123

aThe independent prognostic factor identified based on the result of

binary logistic regression.

*p-value by binary logistic regression <.05.

TABLE 4 Test of independent prognostic factor (Brain
metastases)

Clinical factors p-value

Number of metastatic sites .073

LDHa .004*

Brain metastasesa .001*

NLRa .004*

ECOG .109

Treatment .082

aThe independent prognostic factor identified based on the result of

binary logistic regression.

*p-Value by binary logistic regression <.05.
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age over 65 (59%), and BRAF negative (60%), the relatively small and

unequally distributed sample size may be a primary reason of the sta-

tistical non-significance. However, in contrast to earlier stages (I-III) of

melanoma, where age and sex are generally accepted as independent

prognostic factors in past studies, the prognostic significance of age

and sex is more conflicting in studies involving stage IV melanoma.34–

36 While studies reported mixed findings on the existence of female

survival advantage in stage IV melanoma, the results on whether the

female survival advantage persists across age groups were also incon-

clusive.34–36 The inconsistency of prior studies may be attributed to

the different selection of prognostic variables and different staging

systems and treatments influenced by the study year.35 Multiple stud-

ies found that the significance of female survival advantage decreased

or disappeared when considering the increased number of metastatic

sites.34,36,37 It is also important to note that most of these studies

were conducted on cohorts prior to 2011, when immunotherapies

and targeted therapies were not available. A recent study conducted

in a contemporary patient cohort with novel therapies, staged with

the latest 8th edition AJCC staging system, found that while female

survival benefits existed across all stages (I–IV) of melanoma, it was

widely influenced by patient's age and most significant in women

age <45.35

Similarly, while BRAF mutation status in metastatic melanoma

was commonly found to associate with factors that indicate worse

survival, such as higher AJCC stages and metastasis at a younger age,

the prognostic impact of BRAF status seemed controversial in previ-

ous studies, especially considering the influence of other factors such

as ECOG, metastatic sites and LDH.30,38 Conflicting results were also

likely due to potential selection bias in some retrospective analyses. In

order to investigate the treatment-unrelated impact of BRAF muta-

tion, these studies typically only selected BRAF patients excluded

from clinical trials for targeted inhibitors due to having factors such as

elevated LDH, brain metastasis or poor ECOG, leading a patient

cohort biased towards worse prognosis.38 Nevertheless, the applica-

tion of the novel treatments in our cohort could likely reduce the

prognostic influence of BRAF status, as studies reported both

F IGURE 1 Kaplan–Meier overall survival curves for (A) AJCC stage (n = 161), (B) serum LDH (n = 148), (C) Neutrophil-to-lymphocyte ratio
(n = 161), and (D) Brain metastases (n = 161)
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targeted and immunotherapies significantly improved the survival of

BRAF-positive patients.10,11,39,40

Further analysis via binary logistic regression identified serum

LDH, NLR (cutoff score 3), brain metastases, AJCC stage (8th edition)

as independent prognostic factors. The prognostic value of serum

LDH and brain metastases were widely identified by past studies and

studies in contemporary cohort with novel treatments.6,9,13–15,21,35

AJCC stage 8th edition that added the new M1d category separated

from the AJCC stage 7th M1c subgroup, was only recently published

and with relatively limited studies.22 Our results showed a similar pat-

tern as reported in studies on the earlier version of AJCC, with M1a

stage conveying the best prognosis, followed by M1b, and M1c;

whilst our study also supported AJCC stage 8th, with M1d replaced

M1c, becoming the new AJCC subgroup with the worst survival

outcome.16,17,23

Our findings supported previous studies which reported NLR

>3 as an independent prognostic factor to predict poor prognosis in

melanoma.19,24–27 Our results, however, differed from past studies

which only evaluated patients who received immunotherapies,

whilst our study included patients who received other treatment

types, suggesting the prognostic value of NLR is not limited to

immunotherapy. Since the majority (59%) of our cases received

immunotherapies, further investigation is still required to confirm

the prognostic value of NLR in targeted therapies as well as other

therapies. In fact, past studies also found that NLR cutoff score 3

could be an independent prognostic factor in metastatic melanoma

treated with chemotherapy, as well as non-metastatic melanoma

treated surgically.27,41

Apart from being a retrospective study with a small sample size,

our analysis is also subjective to other limitations. In total, 47% of our

patients did not have an ECOG record in CHARM. While we were

able to deduce 26% of these cases' ECOG based on the descriptions

of the patient's status from clinical notes, this poses risks to potential

information and selection bias, and 21% of patients still miss an ECOG

record due to a lack of information. Another important consideration

is that our analysis simplified our treatment variations by categorising

them into major groups. We did not distinguish different types of

immunotherapies or targeted therapies, either in monotherapies or

combination therapies as well as with or without surgical metastasect-

omy or radiotherapy, nor evaluated the sequence of different treat-

ments given, which past studies had reported variations in survival

outcomes.42–48 Furthermore, while we excluded ocular melanoma,

which is highly resistant to systemic therapies and typically treated

differently, we did not further analyse the differences in prognosis

among other melanoma subtypes due to our limited sample size and

data regarding the primary tumours. We also did not differentiate de

novo stage IV melanoma from stage IV melanoma with an initial diag-

nosis from an earlier stage, which could potentially cause variations in

prognosis as well as treatments exposed. Ideally, future investigations

should include a larger sample size, with further stratification into

independent subgroups for comprehensive observation between clini-

cal factors and treatments on survival outcomes of advanced

melanoma.

5 | CONCLUSION

Our study support previous findings that higher AJCC stages, pres-

ence of brain metastases, NLR >3, number of metastatic sites >3, ele-

vated LDH, and poorer ECOG, are all associated with poorer

prognosis of stage IV melanoma. Further analysis demonstrated the

AJCC (8th edition) stage, NLR (cutoff score 3), serum LDH, and brain

metastases could be independent prognostic factors for stage IV mel-

anoma survival in a contemporary cohort treated with novel therapies.

The addition of M1d classification in AJCC stage (8th edition) is also

validated in our study, as M1d showed significantly worse survival

outcomes than M1c. While our findings suggest the prognostic value

of NLR may not limited to immunotherapies, further research is

needed to determine whether this could be used as an independent

prognostic factor for patients receiving other treatments.

AUTHOR CONTRIBUTIONS

Hsien-Pang Hu: Formal analysis (equal); investigation (lead); method-

ology (equal); writing – original draft (lead). Christine Anne Archer:

Data curation (supporting); project administration (supporting); writing

– review and editing (supporting). Desmond Yip: Supervision (equal);

writing – review and editing (supporting). Geoffrey Peters: Conceptu-

alization (lead); data curation (equal); methodology (supporting); pro-

ject administration (equal); supervision (equal); writing – review and

editing (equal).

ACKNOWLEDGMENTS

The authors would like to thank the Medical Oncology unit of The

Canberra Hospital for organizing Open Access Funding. The authors

would also like to thank Dr Marijke Welvaert from Australian National

University Statistical Consulting Unit for her statistical guidance.

CONFLICT OF INTEREST

Geoffrey Peters has received honoraria from BMS and MSD. Christine

Archer has received honoraria from BMS and MSD.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ETHICS STATEMENT

Assessed by The ACT Health Human Research Ethics Committee's

Low Risk Sub-Committee—deemed no approval required due to negli-

gible risk to participants (date: 24/Oct/2018, QAI.00194). Ethics

approval granted from Calvary Public Hospital Bruce Human Research

Ethics Committee on 08/Nov/2018 with ethics approval number 27–

2018. Ethics approval granted from ANU Human Research Ethics

Committee on 25/Sept/2019 with ethics approval number 2019/759.

ORCID

Hsien-Pang Hu https://orcid.org/0000-0002-9842-5458

Christine Archer https://orcid.org/0000-0003-0389-3791

8 of 10 HU ET AL.

 25738348, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cnr2.1691 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [17/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-9842-5458
https://orcid.org/0000-0002-9842-5458
https://orcid.org/0000-0003-0389-3791
https://orcid.org/0000-0003-0389-3791


Desmond Yip https://orcid.org/0000-0002-2806-2401

Geoffrey Peters https://orcid.org/0000-0003-2869-289X

REFERENCES

1. Brand CU, Ellwanger U, Stroebel W, et al. Prolonged survival of

2 years or longer for patients with disseminated melanoma: an analy-

sis of related prognostic factors. Cancer. 1997;79(12):2345-2353.

2. Coventry BJ, Baume D, Lilly C. Long-term survival in advanced mela-

noma patients using repeated therapies: successive immunomodula-

tion improving the odds? Cancer Manag Res. 2015;7:93-103.

3. Bonnet-Duquennoy M, Papon J, Mishellany F, et al. Promising pre-

clinical validation of targeted radionuclide therapy using a [131i]

labelled iodoquinoxaline derivative for an effective melanoma treat-

ment. J Cancer Sci Ther. 2009;1(1):1-7.

4. Long G, Kefford R, McArthur G, Matteo C, Menzies A. Targeted ther-

apies for melanoma, Cancer Council Australia Melanoma Guidelines

Working Party 2019. https://wiki.cancer.org.au/australiawiki/index.

php?oldid=199444.

5. Cheng L, Lopez-Beltran A, Massari F, MacLennan GT, Montironi R.

Molecular testing for BRAF mutations to inform melanoma treatment

decisions: a move toward precision medicine. Mod Pathol. 2018;31(1):

24-38.

6. Vosoughi E, Lee JM, Miller JR, et al. Survival and clinical outcomes of

patients with melanoma brain metastasis in the era of checkpoint

inhibitors and targeted therapies. BMC Cancer. 2018;18(1):1-7. doi:

10.1186/s12885-018-4374-x.pdf

7. American Cancer Society. Survival rates for melanoma skin cancer

2019. https://www.cancer.org/cancer/melanoma-skin-cancer/detec

tion-diagnosis-staging/survival-rates-for-melanoma-skin-cancer-by-

stage.html.

8. Australian Government Cancer Australia. Melanoma of the skin statis-

tics 2019. https://www.canceraustralia.gov.au/affected-cancer/canc

er-types/melanoma/melanoma-skin-statistics.

9. Cancer Council Australia. Systemic drug therapy in the management

of patients with advanced melanoma brain metastases 2019. https://

wiki.cancer.org.au/australia/Guidelines:Systemic_drug_therapy_adva

nced_melanoma_brain_metastases.

10. Larkin J, Ascierto PA, Dréno B, et al. Combined vemurafenib and cobi-

metinib in BRAF-mutated melanoma. N Engl J Med. 2014;371(20):

1867-1876.

11. Postow MA, Chesney J, Pavlick AC, et al. Nivolumab and ipilimumab

versus ipilimumab in untreated melanoma. N Engl J Med. 2015;372

(21):2006-2017.

12. Schadendorf D, Long GV, Stroiakovski D, et al. Three-year pooled

analysis of factors associated with clinical outcomes across dabrafe-

nib and trametinib combination therapy phase 3 randomised trials.

Eur J Cancer. 2017;82:45-55.

13. Sperduto PW, Chao ST, Sneed PK, et al. Diagnosis-specific prognostic

factors, indexes, and treatment outcomes for patients with newly

diagnosed brain metastases: a multi-institutional analysis of 4,259

patients. Int J. Radiat Oncol Biol Phys Ther. 2010;77(3):655-661.

14. Eton O, Legha SS, Moon TE, et al. Prognostic factors for survival of

patients treated systemically for disseminated melanoma. J Clin Oncol.

1998;16(3):1103-1111.

15. McKean MA, Haydu LE, Ma J, et al. Prognostic factors for overall sur-

vival (OS) in metastatic melanoma (MM) patients (pts) treated with

immune checkpoint inhibitors: a single institution study of 696 pts. J

Clin Oncol. 2017;35(15_suppl):9574. doi:10.1200/JCO.2017.35.15_

suppl.9574

16. Dickson PV, Gershenwald JE. Staging and prognosis of cutaneous

melanoma. Surg Oncol Clin. 2011;20(1):1-17.

17. Tas F. Metastatic behavior in melanoma: timing, pattern, survival, and

influencing factors. J Oncol. 2012;2012:1-9. doi:10.1155/2012/

647684

18. Long GV, Grob J-J, Nathan P, et al. Factors predictive of response,

disease progression, and overall survival after dabrafenib and trameti-

nib combination treatment: a pooled analysis of individual patient

data from randomised trials. Lancet Oncol. 2016;17(12):1743-1754.

19. Ding Y, Zhang S, Qiao J. Prognostic value of neutrophil-to-lympho-

cyte ratio in melanoma: evidence from a PRISMA-compliant meta-

analysis. Medicine. 2018;97(30):e11446. doi:10.1097/MD.0000000

000011446

20. Manola J, Atkins M, Ibrahim J, Kirkwood J. Prognostic factors in met-

astatic melanoma: a pooled analysis of eastern cooperative oncology

group trials. J Clin Oncol. 2000;18(22):3782-3793.

21. Chukwueke U, Batchelor T, Brastianos P. Management of Brain

Metastases in patients with melanoma. J Oncol Pract. 2016;12(6):

536-542.

22. Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma staging: evi-

dence-based changes in the American Joint Committee on Cancer

eighth edition cancer staging manual. CA Cancer J Clin. 2017;67(6):

472-492.

23. Liu R, Cao J, Gao X, et al. Overall survival of cancer patients with

serum lactate dehydrogenase greater than 1000 IU/L. Tumor Biol.

2016;37(10):14083-14088.

24. Ferrucci PF, Ascierto PA, Pigozzo J, et al. Baseline neutrophils and

derived neutrophil-to-lymphocyte ratio: prognostic relevance in met-

astatic melanoma patients receiving ipilimumab. Ann Oncol. 2016;27

(4):732-738.

25. Capone M, Giannarelli D, Mallardo D, et al. Baseline neutrophil-to-

lymphocyte ratio (NLR) and derived NLR could predict overall survival

in patients with advanced melanoma treated with nivolumab. J

Immunother Cancer. 2018;6(1):1-7.

26. O'Dwyer RT, Dennehy C, Sui JSY, Kelly CM, Calvert P, McCaffrey J.

Neutrophil to lymphocyte ratio (NLR): a prognostic marker in mela-

noma patients receiving immunotherapy. J Clin Oncol. 2019;37

(15_suppl):9573. doi:10.1200/JCO.2019.37.15_suppl.9573

27. Qi Y, Liao D, Mei D, Zhang Y, Liu Y. Elevated neutrophil-to-lympho-

cyte ratio is associated with poor outcomes for melanoma patients

treated with PD-1 inhibitor or chemotherapy in a Chinese population.

Front Oncol. 2020;10:1752.

28. Ascierto PA, Kirkwood JM, Grob J-J, et al. The role of BRAF V600

mutation in melanoma. J Transl Med [Internet]. 2012;10(1):1-9. doi:10.

1186/1479-5876-10-85.pdf

29. Bhatia P, Friedlander P, Zakaria EA, Kandil E. Impact of BRAF muta-

tion status in the prognosis of cutaneous melanoma: an area of ongo-

ing research. Ann Transl Med [Internet]. 2015;3(2):1-7. doi:10.3978/j.

issn.2305-5839.2014.12.05

30. Ny L, Hernberg M, Nyakas M, et al. BRAF mutational status as a prog-

nostic marker for survival in malignant melanoma: a systematic review

and meta-analysis. Acta Oncol. 2020;59(7):833-844.

31. Matthews NH, Li W-Q, Qureshi AA, Weinstock MA, Cho E. Epidemiol-

ogy of melanoma. Brisbane, Australia: Codon Publications; 2017.

https://www.ncbi.nlm.nih.gov/books/NBK481862/

32. Cancer Council Australia. Skin cancer incidence and mortality 2016.

https://wiki.cancer.org.au/skincancerstats/Skin_cancer_incidence_and_

mortality

33. Australian Government Department of Health. PBS-Medicines for

the treatment of melanoma 2018. http://www.pbs.gov.au/info/

industry/listing/participants/public-release-docs/2018-05/medicines

-for-the-treatment-of-melanoma

34. Joosse A, Collette S, Suciu S, et al. Sex is an independent prognostic

indicator for survival and relapse/progression-free survival in metas-

tasized stage III to IV melanoma: a pooled analysis of five European

organisation for research and treatment of cancer randomized con-

trolled trials. J Clin Oncol. 2013;31(18):2337-2346.

35. Hieken TJ, Glasgow AE, Enninga EAL, et al. Sex-based differences in

melanoma survival in a contemporary patient cohort. J Womens

Health. 2020;29(9):1160-1167.

HU ET AL. 9 of 10

 25738348, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cnr2.1691 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [17/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-2806-2401
https://orcid.org/0000-0002-2806-2401
https://orcid.org/0000-0003-2869-289X
https://orcid.org/0000-0003-2869-289X
https://wiki.cancer.org.au/australiawiki/index.php?oldid=199444
https://wiki.cancer.org.au/australiawiki/index.php?oldid=199444
info:doi/10.1186/s12885-018-4374-x.pdf
https://www.cancer.org/cancer/melanoma-skin-cancer/detection-diagnosis-staging/survival-rates-for-melanoma-skin-cancer-by-stage.html
https://www.cancer.org/cancer/melanoma-skin-cancer/detection-diagnosis-staging/survival-rates-for-melanoma-skin-cancer-by-stage.html
https://www.cancer.org/cancer/melanoma-skin-cancer/detection-diagnosis-staging/survival-rates-for-melanoma-skin-cancer-by-stage.html
https://www.canceraustralia.gov.au/affected-cancer/cancer-types/melanoma/melanoma-skin-statistics
https://www.canceraustralia.gov.au/affected-cancer/cancer-types/melanoma/melanoma-skin-statistics
https://wiki.cancer.org.au/australia/Guidelines:Systemic_drug_therapy_advanced_melanoma_brain_metastases
https://wiki.cancer.org.au/australia/Guidelines:Systemic_drug_therapy_advanced_melanoma_brain_metastases
https://wiki.cancer.org.au/australia/Guidelines:Systemic_drug_therapy_advanced_melanoma_brain_metastases
info:doi/10.1200/JCO.2017.35.15_suppl.9574
info:doi/10.1200/JCO.2017.35.15_suppl.9574
info:doi/10.1155/2012/647684
info:doi/10.1155/2012/647684
info:doi/10.1097/MD.0000000000011446
info:doi/10.1097/MD.0000000000011446
info:doi/10.1200/JCO.2019.37.15_suppl.9573
info:doi/10.1186/1479-5876-10-85.pdf
info:doi/10.1186/1479-5876-10-85.pdf
info:doi/10.3978/j.issn.2305-5839.2014.12.05
info:doi/10.3978/j.issn.2305-5839.2014.12.05
https://www.ncbi.nlm.nih.gov/books/NBK481862/
https://wiki.cancer.org.au/skincancerstats/Skin_cancer_incidence_and_mortality
https://wiki.cancer.org.au/skincancerstats/Skin_cancer_incidence_and_mortality
http://www.pbs.gov.au/info/industry/listing/participants/public-release-docs/2018-05/medicines-for-the-treatment-of-melanoma
http://www.pbs.gov.au/info/industry/listing/participants/public-release-docs/2018-05/medicines-for-the-treatment-of-melanoma
http://www.pbs.gov.au/info/industry/listing/participants/public-release-docs/2018-05/medicines-for-the-treatment-of-melanoma


36. Enninga EAL, Moser JC, Weaver AL, et al. Survival of cutaneous mela-

noma based on sex, age, and stage in the United States, 1992–2011.
Cancer Med. 2017;6(10):2203-2212.

37. Unger JM, Flaherty LE, Liu P, Albain KS, Sondak VK. Gender and

other survival predictors in patients with metastatic melanoma on

Southwest Oncology Group trials. Cancer. 2001;91(6):1148-1155.

38. Meckbach D, Keim U, Richter S, et al. BRAF-V600 mutations have no

prognostic impact in stage IV melanoma patients treated with mono-

chemotherapy. PLoS One [Internet]. 2014;9(2):e89218. doi:10.1371/

journal.pone.0089218

39. Da Silva IP, Wang KY, Wilmott JS, et al. Distinct molecular

profiles and immunotherapy treatment outcomes of V600E and

V600K BRAF-mutant melanoma. Clin Cancer Res. 2019;25(4):

1272-1279.

40. Chapman PB, Hauschild A, Robert C, et al. Improved survival with

vemurafenib in melanoma with BRAF V600E mutation. N Engl J Med.

2011;364(26):2507-2516.

41. Davis JL, Langan RC, Panageas KS, et al. Elevated blood neutrophil-

to-lymphocyte ratio: a readily available biomarker associated with

death due to disease in high risk nonmetastatic melanoma. Ann Surg

Oncol. 2017;24(7):1989-1996.

42. Hiniker SM, Reddy SA, Maecker HT, et al. A prospective clinical trial

combining radiation therapy with systemic immunotherapy in meta-

static melanoma. Int J Radiat Oncol Biol Phys Ther. 2016;96(3):

578-588.

43. Ascierto PA, Ribas A, Larkin J, et al. Impact of initial treatment and

prognostic factors on postprogression survival in BRAF-mutated met-

astatic melanoma treated with dacarbazine or vemurafenib

±cobimetinib: a pooled analysis of four clinical trials. J Transl Med.

2020;18(1):1-12.

44. Weber JS, Gibney G, Sullivan RJ, et al. Sequential administration of

nivolumab and ipilimumab with a planned switch in patients with

advanced melanoma (CheckMate 064): an open-label, randomised,

phase 2 trial. Lancet Oncol. 2016;17(7):943-955.

45. Medina BD, Choi BH, Rodogiannis KG, et al. Metastasectomy for mel-

anoma is associated with improved overall survival in responders to

targeted molecular or immunotherapy. J Surg Oncol. 2020;122(3):

555-561.

46. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Five-year survival with

combined nivolumab and ipilimumab in advanced melanoma. N Engl J

Med. 2019;381(16):1535-1546.

47. Robert C, Schachter J, Long GV, et al. Pembrolizumab versus ipilimu-

mab in advanced melanoma. N Engl J Med. 2015;372(26):2521-2532.

48. Gaudy-Marqueste C, Dussouil A, Carron R, et al. Survival of mela-

noma patients treated with targeted therapy and immunotherapy

after systematic upfront control of brain metastases by radiosurgery.

Eur J Cancer. 2017;84:44-54.

How to cite this article: Hu H-P, Archer C, Yip D, Peters G.

Clinical predictors of survival in real world practice in stage IV

melanoma. Cancer Reports. 2023;6(2):e1691. doi:10.1002/

cnr2.1691

10 of 10 HU ET AL.

 25738348, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cnr2.1691 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [17/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1371/journal.pone.0089218
info:doi/10.1371/journal.pone.0089218
info:doi/10.1002/cnr2.1691
info:doi/10.1002/cnr2.1691

	Clinical predictors of survival in real world practice in stage IV melanoma
	1  INTRODUCTION (BACKGROUND)
	2  MATERIALS AND METHODS
	2.1  Study design
	2.2  Inclusion and exclusion criteria
	2.3  Data collection and statistical analysis

	3  RESULTS
	3.1  Patient demographics and clinical characteristics
	3.2  Survival rate and prognostic factor analysis

	4  DISCUSSION
	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


