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Abstract

Objective: We estimated the cutaneous melanoma (CM) incidence, mortality, and survival in

Manizales, Colombia to establish predictors for survival.

Methods: This analytical cohort study used CM incident cases during 2006 to 2015 in the

Manizales Cancer Registry (n¼ 132). Incidence and mortality rates were standardized using

the direct method. Patients were followed up until 30 November 2020. Cause-specific survival

was calculated using the Kaplan–Meier method for variables of interest, with the log-rank test for

differences. Cox multivariate regression models were fitted.

Results: Incidence (per 100,000) increased from 1.6 to 3.0 in men and 2.6 to 2.8 in women

during 2006–2010 to 2011–2015, respectively. Mortality was low and stable. Five-year survival

was 68.7%, with significant differences according to age (hazard ratio [HR] >70 vs. �70 years:

3.37); histological subtype (HR for melanoma not otherwise specified and HR for nodular mel-

anoma vs lentigo malignant melanoma and superficial spreading melanoma: 17.39 and 10.16,

respectively); and clinical stage (HR stages III–IV vs. stages I–II: 5.94).

Conclusion: CM is characterized by increasing incidence and unfavorable prognosis, particularly

in patients aged >70 years, with melanoma not otherwise specified and nodular melanoma, and

advanced stages. Promoting photoprotection and early detection and management of suspicious

skin lesions is crucial.
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Introduction

In 2020, cutaneous melanoma (CM)
accounted for 1.7% of the 19 million new
cancer cases worldwide.1 This cancer has
shown an increase in incidence and in
burden disease in recent decades around
the world, mainly in developing countries.2

In most nations, 5-year survival of CM
ranges from 60% to 90%, with large differ-
ences between regions.3

In Latin America, research on the epide-
miology of CM has been scarce. However,
there is evidence suggesting that the epide-
miological behavior of this cancer differs
from that reported in other regions,
mainly owing to higher proportions of
acral lentiginous melanoma (ALM) in
Latin American populations, which could
have a negative impact on the prognosis.4–9

Additionally, suggested risk factors for
ALM (previous trauma, long-term physical
stress, other mechanical factors)10,11 differ
from those traditionally identified for
other histological types of CM, like ultravi-
olet (UV) radiation exposure and
phenotypic and genetic susceptibility;12

therefore, different preventive and thera-
peutic approaches at individual and popu-
lation levels are required.

In Colombia, CM mortality has
increased in recent years;13 however, epide-
miological research on this cancer has been
insufficient.14 Thus, it is important to inves-
tigate the epidemiological patterns of
CM in Latin American populations.
Understanding of these patterns is a funda-
mental to decision-making in clinical and
public health settings, according to the
local context. The objectives of this study
were therefore to estimate the CM

incidence, mortality, and survival rates

and to establish predictors for survival

among patients diagnosed with CM between

2006 and 2015 in Manizales, Colombia, using

data from the population-based cancer regis-

try (PBCR) of the city, the Manizales Cancer

Registry (MCR), which meets international

standards proposed by the International

Agency for Research on Cancer (IARC).15

Methods

Study setting and participants

This analytical population-based cohort

study was performed in Manizales,

Colombia, an Andean city with 434,403

inhabitants, according to the National

Household and Population Census in

2018.16 The MCR has been in operation

since 2002, monitoring urban and rural

areas of Manizales and producing compa-

rable, valid, and reliable data on the epide-

miology of cancer in the city.15 The MCR

includes all primary malignant tumors in all

locations identified through active collec-

tion of data on patient and tumor variables

from health care providers and pathology

laboratories, according to IARC rules.

The topography and morphology coding

of tumors complies with the rules of the

International Classification of Diseases for

Oncology, Third edition (ICD-O-3).17

All incident cases of CM and deaths

owing to CM in Manizales between

1 January 2006 and 31 December 2015

were included in the present study. Passive

follow-up was performed for 60 months or

until 30 November 2020 to identify the

event (death owing to melanoma) and the
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time-to-event. First, using personal identifi-
cation numbers, the vital status for each

case was confirmed by consulting govern-
ment databases (electoral census and
health insurance registries). Then, the date

and cause of death for patients identified as
having died in the previous step were veri-

fied in the official death certificates via the
National Administrative Department of
Statistics (DANE, its acronym in Spanish)

vital statistics platform. Patients who did
not present the event at the end of follow-

up, and those who died owing to other
causes or whose cause of death could not
be verified, were censored. One case regis-

tered as death certificate only (DCO) was
excluded from the survival analysis as the
survival time was zero by definition.

Variables and data sources

Quality indicators

In total, 99.2% (n¼ 131) of cases were

microscopically verified; the remaining
0.8% of cases corresponded to the previous-

ly mentioned DCO case (n¼ 1). Annual inci-
dence rates were unstable over time, ranging
from 0.9 to 4.0 in men and from 1.1 to 5.3

in women, which is expected for a small
PBCR and a rare cancer. The mortality-

to-incidence (M:I) ratios in men were 0.62
and 0.33 during the periods 2006–2010 and
2011–2015, respectively. The M:I ratios in

women were 0.30 and 0.17 in the same peri-
ods, which reflected improvement in the
completeness of the MCR. Regarding histo-

logical subtype, 31.1% (n¼ 41) of cases were
melanoma, not otherwise specified (NOS).

In 7.6% (n¼ 10) of cases, the topography
code was unspecified. In 3% (n¼ 4) of
cases, the age was unknown.

Incident cases and deaths

For incidence estimates, we considered all
new cases of melanoma that occurred in

Manizales between 2006 and 2015 and

that were captured in the MCR. Cases

were identified in the MCR database using

morphology codes 8720-8774 and topogra-

phy codes 44.0–44.9, 51.0, 60.9, 63.2, and

80.9 of the ICD-O-3. For mortality calcula-

tions, we included all deaths owing to mel-

anoma (ICD Tenth Revision code: C43)

in Manizales during the aforementioned

period, according to anonymized death sta-

tistics databases published by DANE.

Population data

To calculate the denominators (population

at risk), the Manizales age- and sex-specific

population per year were obtained from

DANE population estimates according to

the 2018 census mentioned above.18

Histology and topography

Histological subtypes of CM were defined

according to morphology codes 8720-8774

of the ICD-O-3, divided into five categories:

ALM; nodular melanoma (NM); superficial

spreading melanoma (SSM); lentigo malig-

nant melanoma (LMM); and melanoma,

NOS. Topographic sites were grouped into

six categories: head and neck, trunk, non-

acral upper limb, non-acral lower limb,

acral (palms, soles of the feet, and subun-

gual), and unspecified site.

Cancer stage

To obtain the data necessary for cancer

staging, we consulted patients’ clinical files

and pathological reports. We then applied

the criteria of the 7th Edition of the

American Joint Committee on Cancer,19

the classification in use during the study

period.

Health insurance

In Colombia, the health insurance system

covers 97.7% of the population (cutoff

Rodr�ıguez-Betancourt and Arias-Ortiz 3



year: 2020). Individuals are assigned to dif-

ferent types of health insurance regime

(HIR) depending on their income and

employment status: contributory (workers

and their families, 73.5% of the population

in Manizales); subsidized (vulnerable popu-

lations, 18.2% in Manizales); and special

and exception (workers in the education

sector, police, and military, 2.4% in

Manizales). There is a low proportion

of uninsured individuals (5.9% in

Manizales).20 In this investigation, HIR

information was obtained from the clinical

records.
Regarding the control of bias, death cer-

tification coverage in Manizales is consid-

ered exhaustive (approximately 99%). All

deaths are certified by a physician, and the

rate of accurate certification is 96.4% for

total deaths and 93.2% for cancer

deaths.21 Owing to the availability of infor-

mation about the cause of death, the high

quality of death certification, and low prob-

ability of misclassification, the authors

chose to use cause-specific survival rather

than relative survival to estimate CM

survival.
As for study size, cases were not ran-

domly selected but rather represent a

census of all melanoma cases diagnosed in

Manizales during the study period. No sam-

pling was performed in this study.

Statistical methods

Incidence and mortality rates

Specific incidence and mortality rates were

estimated by sex and age (18 quinquennial

groups) and standardized using the direct

method, with Segi’s world standard popu-

lation as reference. The age-standardized

rates were corrected for cases with

unknown age, according to the methods

defined by IARC.22 Rates were expressed

per 100,000 person-years.

Survival analysis

Two- and five-year cause-specific survival
probabilities by sex, age, HIR, topography,
histological subtype, Breslow thickness,
ulceration, and clinical stage were calculat-
ed using Kaplan–Meier survival functions;
the log-rank test was used for comparisons.

Cox regression models were fitted using
the forward method, to yield three models:
i) a univariate model (null model);
ii) “model A” including sex, age, topogra-
phy, histological subtype, Breslow thick-
ness, ulceration, and clinical stage; and
iii) “model B” including only sex, age, his-
tological subtype, and clinical stage. In
model B, statistically significant variables
were retained, as was sex because latter var-
iable is theoretically relevant even if it is not
statistically significant. The proportional
hazards assumption was evaluated with
the Schoenfeld residuals test. The final
model equation was:

ln HRð Þ ¼ ln k0 tð Þð Þ þ b1 � sexþ b2 � age
þ b3 �H2 þ b4 �H3 þ b5 �H4

þ b6 � stage

where H2–4 were dummy variables for his-
tological subtypes with SSM and LMM
(grouped into a single category) as refer-
ence, considering their similar prognosis
according to the literature23 (H2¼NOS,
H3¼NM, H4¼ALM); clinical stage was
dichotomized as stages I–II versus stages
III–IV (early vs. late diagnosis, respective-
ly). To obtain sufficient observations and
improve precision of the estimations in
model A, Breslow thickness was categorized
as �4mm or >4mm. Statistical analysis
was performed in Stata 14.2VR (StataCorp
LLC, College Station, TX, USA).

Ethical considerations

This investigation was approved as
minimal-risk research (according to
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Resolution 8430-1993 of the Ministry of
Health of Colombia) by the Bioethics
Committee of the Facultad de Ciencias
para la Salud, Universidad de Caldas (con-
secutive number CBSS-044, act N� 010 of
2020).

In Colombia, reporting has been com-
pulsory for some cancers since 2015, but
not for melanoma. Data collection was
done after the sources that voluntarily pro-
vide their data to the MCR gave institution-
al informed consent, guaranteeing the
confidentiality of the information in accor-
dance with the guiding principles of
the International Association of Cancer
Registries. The MCR adheres to the guide-
lines of this association in such a way that it
ensures: a) the preservation of anonymity
for individuals reported to the registry,
and if necessary, for those making such
notifications; b) that cancer registry data
are of the best quality possible, and
c) that the best possible use of cancer regis-
try data is made for the benefit of the
patient, cancer control, and medical
research. The MCR applies rigorous proce-
dures to ensure confidentiality; only the
research team had access to private data
and all patient details were de-identified.

The reporting of this study conforms
to the Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) guidelines.24

Results

Sociodemographic, clinical, and histologi-
cal characteristics of the included CM
cases are shown in Table 1. A total of 132
incident cases of CM were observed, with
most (59.1%) among women. Mean age at
diagnosis was 60 years (standard deviation
17.8 years). For both sexes, the most fre-
quent topographic site was lower limb
(including skin of the hip), followed by
head and neck, trunk, and upper limb.
Acral tumors (palm, sole, and subungual)

were observed in 22.1% of cases. NM was
the most frequent histological subtype
(25.8%) in both men and women. Breslow
thickness was <1mm in most patients, but
significant differences were observed by sex,
with greater thickness in men (Pearson’s chi-
square test¼ 12.645; p¼ 0.013). Advanced
clinical stages were more frequent in men
than in women (Fisher’s exact test¼ 9.514).
At 60 months of follow-up, 41 deaths owing
to melanoma and 9 deaths owing to other
causes (cardiovascular disease, infectious
diseases, and kidney failure) were observed.
There were no losses to follow-up.

CM incidence, mortality, and survival
rates by sex and period are presented in
Table 2. In women, the incidence was very
similar between periods; in men, however,
the rate nearly doubled from the period
2006–2010 to 2011–2015. Mortality was
slightly higher in men during both periods;
nonetheless, this rate was low and remained
stable.

Survival probability was higher for
women than for men, and it decreased in
both sexes between periods. Cause-specific
survival estimates according to sociodemo-
graphic, clinical, and histological variables
are shown in Table 3. Five-year cause-spe-
cific survival was 68.7%. Patients aged 70
or more years had lower survival rates
than younger patients. Differences were
observed according to topography, with
lower survival rates for patients with an
unspecified site and acral lesions in compar-
ison with other sites. Regarding histological
subtypes, higher survival rates were
observed for LMM and SSM than for
other morphologies.

As expected, survival was lower with
higher Breslow thickness. Survival was
also lower in patients with ulcerated
tumors. In summary, advanced clinical
stages were associated with lower survival,
with a 25-fold lower survival rate in stage
IV compared with stage I. No differences
according to HIR were observed.

Rodr�ıguez-Betancourt and Arias-Ortiz 5



Table 1. Sociodemographic, histological, and clinical characteristics of incident cases of cutaneous
melanoma (Manizales, 2006–2015).

Men Women Total

n % n % n %

Total cases 54 40.9 78 59.1 132 100

Mean age, years (SD)* 61.4 (15.3) 58.9 (19.4) 59.9 (17.8)

Age (years)

<70 37 68.5 49 62.8 86 65.2

�70 16 29.6 26 33.3 42 31.8

No information 1 1.8 3 3.9 4 3

Health insurance

Contributive 39 72.2 51 65.4 90 68.2

Subsidized 11 20.4 18 23.1 29 22.0

Exception 3 5.6 6 7.7 9 6.8

Uninsured 0 0 2 2.6 2 1.5

Special 0 0 1 1.3 1 0.8

No information 1 1.8 0 0 1 0.7

Topography

Lower limb and hip 16 29.6 38 42.3 49 37.2

Sole 9 16.7 11 14.1 20 15.2

Other parts 3 5.6 17 21.8 20 15.2

Subungual 1 1.9 4 5.1 5 3.8

Foot 3 5.6 1 1.3 4 3.0

Head and neck 14 25.9 23 28.2 36 27.2

Face 10 18.5 17 21.8 27 20.4

Scalp and neck 4 7.4 5 6.4 9 6.8

Trunk 10 18.5 13 16.7 23 17.4

Upper limb and shoulder 6 11.1 8 10.3 14 10.6

Other parts 4 7.4 6 7.7 10 7.6

Subungual 1 1.9 2 2.6 3 2.3

Palm 1 1.9 0 0.0 1 0.8

Unspecified site 8 14.8 2 2.6 10 7.6

Histological subtype

Nodular 13 24.1 21 26.9 34 25.8

Acral lentiginous 9 16.7 15 19.2 24 18.2

Superficial spreading 5 9.3 18 23.1 23 17.4

Lentigo malignant 5 9.3 5 6.4 10 7.6

Not otherwise specified 22 40.7 19 24.4 41 31.1

Breslow thickness (mm)

�1.0 8 14.8 30 38.5 38 28.8

1.01–2.0 7 13.0 13 16.7 20 15.2

2.1–4.0 12 22.2 12 15.4 24 18.2

>4.0 8 14.8 11 14.1 19 14.4

No information 19 35.2 12 15.4 31 23.5

Ulceration

Absent 19 35.2 48 61.5 67 50.8

Present 20 37.0 21 26.9 41 31.1

No information 15 27.8 9 11.5 24 18.2

(continued)
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Overall survival (OS) of CM was 6 per-

centage points lower than cause-specific

survival (62.6% vs. 68.7%); differences

between OS and cause-specific survival

were greater in men than in women

(48.1% vs. 56.4% and 72.7% vs. 77.3%,

respectively).
Table 4 shows the results of Cox regres-

sion models for predictors of survival.

Although a greater hazard of death was

observed in univariate analysis for all vari-

ables studied, these risks were attenuated or

even disappeared in model A for sex, topog-

raphy, histological subtype, and ulceration,

mainly owing to Breslow thickness and clin-

ical stage, which were the variables with

stronger effects. Additionally, there was

collinearity between the clinical stage and

Breslow thickness; therefore, it was decided

to preserve only clinical stage in the final

model. In model B, statistically significant

hazard ratios (HRs) were observed for age

(p¼ 0.005), histological subtype (NOS,

p¼ 0.008; NM, p¼ 0.030), and clinical

Table 1. Continued.

Men Women Total

n % n % n %

Regional lymph nodes (N)

N0 22 40.7 33 42.3 55 41.7

N1 3 5.6 6 7.7 9 6.8

N2 2 3.7 3 3.9 5 3.8

N3 4 7.4 2 2.6 6 4.6

No information 23 42.6 34 43.6 57 43.2

Distant metastasis (M)

M0 34 63.0 61 78.2 95 72.0

M1 16 29.6 10 12.8 26 19.7

No information 4 7.4 7 9.0 11 8.3

Clinical stage

I 7 13.0 19 24.4 26 19.7

II 13 24.1 12 15.4 25 18.9

III 3 5.6 7 9.0 10 7.6

IV 16 29.6 10 12.8 26 19.7

No information 15 27.8 30 38.5 45 34.1

*Excluding four records with unknown age.

Table 2. Cutaneous melanoma incidence, mortality and survival rates by sex and period (Manizales,
2006–2015).

Men Women

2006–2010 2011–2015 2006–2010 2011–2015

Incidence* (95% CI) 1.6 (0.8–2.4) 3.0 (2.0–4.0) 2.6 (1.7–3.4) 2.8 (1.9–3.6)

Mortality* (95% CI) 1.0 (0.4–1.6) 1.0 (0.5–1.6) 0.8 (0.4–1.3) 0.5 (0.2–0.9)

Survival† (95% CI) 62.7 (35.1–81.2) 53.5 (36.3–68.0) 81.8 (63.9–91.3) 74.0 (58.0–84.7)

*Age-standardized rate per 100,000 person-years (Segi’s population). †Five-year cause-specific survival (%).

CI, confidence interval (interpreted as a precision interval assuming that cases were not randomly selected but represent a

census of all melanoma cases diagnosed in Manizales during the study period).

Rodr�ıguez-Betancourt and Arias-Ortiz 7



Table 3. Cause-specific survival estimates of cutaneous melanoma according to sociodemographic,
histological, and clinical variables (Manizales, 2006–2015).

n

Melanoma

deaths

2-year survival

(95% CI)

5-year survival

(95% CI) p-value†

Global* 131 40 75.9 (67.5–82.4) 68.7 (59.9–76.0)

Sex

Female 77 17 85.4 (75.2–91.6) 77.3 (66.1–85.2) 0.0049

Male 54 23 62.2 (47.8–73.8) 56.4 (42.0–68.5)

Age (years)

<70 86 22 80.0 (69.8–87.1) 72.9 (62.1–81.1) 0.0125

�70 41 18 64.6 (47.6–77.3) 56.4 (39.4–70.3)

Health insurance

Contributive 89 27 74.9 (64.4–82.7) 69.0 (58.1–77.6) 0.7578

Subsidized 29 10 71.4 (50.9–84.5) 64.0 (43.5–78.8)

Exception 9 2 88.8 (43.3–98.3) 77.7 (36.4–93.9)

Special 1 0 100 100

Uninsured 2 0 100 100

No information 1 1 100 –

Topography

Head and neck 36 5 91.6 (76.3–97.2) 86.0 (69.6–93.9) <0.001

Trunk 23 4 86.3 (63.4–95.3) 81.8 (58.5–92.7)

Upper limb (non-acral) 10 2 80.0 (40.8–94.5) 80.0 (40.8–94.5)

Lower limb (non-acral) 23 6 77.2 (53.7–89.8) 72.1 (48.0–86.4)

Acral 29 13 68.2 (47.8–82.0) 53.6 (33.7–69.9)

Unspecified site 10 10 10.0 (0.5–35.8) –

Histological subtype

Lentigo malignant 10 0 100 100 0.0004

Superficial spreading 23 1 95.6 (72.9–99.3) 95.6 (72.9–99.3)

Nodular 34 10 76.1 (57.9–87.3) 70.0 (51.4–82.6)

Acral lentiginous 23 9 78.2 (55.4–90.3) 60.2 (37.4–77.0)

NOS 41 20 56.5 (39.6–70.4) 48.4 (32.1–63.0)

Breslow thickness (mm)

�1.0 38 0 100 100 <0.001

1.01–2.0 20 2 100 89.7 (64.7–97.3)

2.1–4.0 24 9 75.0 (52.6–87.9) 62.5 (40.3–78.4)

>4.0 19 12 45.6 (22.5–66.1) 34.2 (14.1–55.4)

No information 30 17 48.5 (29.5–65.1) 41.0 (23.1–58.2)

Ulceration

Absent 67 6 93.9 (84.6–97.6) 90.9 (80.8–95.8) <0.001

Present 41 21 62.8 (46.1–75.7) 47.6 (31.6–62.0)

No information 23 13 45.5 (24.2–64.6) 40.4 (20.1–60.0)

Clinical stage

I 26 0 100 100 <0.001

II 25 6 84.0 (62.8–93.6) 76.0 (54.2–88.4)

III 10 3 90.0 (47.3–98.5) 68.5 (30.4–88.7)

IV 26 25 15.3 (4.8–31.4) 3.8 (0.28–16.4)

No information 44 6 90.5 (76.7–96.3) 85.5 (70.6–93.2)

*Excluding one case with death certificate only. †Log-rank test.

NOS, not otherwise specified; CI, confidence interval (interpreted as a precision interval assuming that cases were not

randomly selected but represent a census of all melanoma cases diagnosed in Manizales during the study period).
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stage at diagnosis (p< 0.001), meaning

independent effects on survival of these

three variables. Model B had a greater like-

lihood ratio than model A, and its propor-

tional hazards assumption was not violated

(Schoenfeld residuals test: v2¼ 10.65).

Discussion

This was the second population-based

study in Colombia to investigate the

epidemiology of CM. Our findings repre-

sent a relevant contribution to the knowl-

edge base regarding the epidemiological

behavior of this cancer in the country. The

increase in CM incidence in Manizales

agrees with trends evidenced in developing

countries;2 rates were similar to those

reported in other Latin American countries

but lower than those among European,

North American, and Australian popula-

tions.22 Additionally, the low mortality

Table 4. Cox regression results for predictors of melanoma survival (Manizales, 2006–2015).

Univariate analysis Multivariate analysis

HR (95% CI)

Model A* Model B†D

HR (95% CI) HR (95% CI)

Sex

Male Ref Ref Ref

Female 0.44 (0.24–0.79) 0.63 (0.17–2.28) 0.58 (0.27–1.23)

Age (years)

<70 Ref Ref Ref

�70 2.07 (1.15–3.71) 3.47 (1.01–11.95) 3.37 (1.43–7.95)

Topography

Acral Ref Ref –

Head and neck 0.23 (0.09–0.59) 0.15 (0.01–1.31)

Lower limb (non-acral) 0.46 (0.18–1.18) 0.21 (0.02–1.66)

Upper limb (non-acral) 0.30 (0.07–1.33) 1.17 (0.09–14.61)

Trunk 0.41 (0.16–1.06) 1.08 (0.12–9.06)

Histological subtype

SSM/LMM Ref Ref Ref

NOS 25.17 (3.38–187.33) 24.05 (1.81–319.11) 17.39 (2.09–144.65)

NM 14.97 (1.95–114.55) 7.16 (0.73–69.31) 10.16 (1.25–82.65)

ALM 18.67 (2.41–144.73) 2.26 (0.11–46.22) 7.50 (0.88–63.83)

Breslow thickness (mm)

�4.0 Ref Ref –

>4.0 7.43 (3.49–15.81) 12.80 (3.17–51.61)

Ulceration

Absent Ref Ref –

Present 6.91 (3.08–15.48) 1.64 (0.46–5.77)

Clinical stage

I/II Ref Ref Ref

III/IV 9.23 (4.30–19.80) 13.71 (3.55–52.86) 5.94 (2.72–12.97)

*Model A: Observations¼ 66, events¼ 23, LR¼ 55.34, p< 0.001.

†Model B: Observations¼ 87, events¼ 38, LR¼ 56.63, p< 0.001.

DGlobal test of proportional hazards assumption (Schoenfeld residuals): v2¼ 10.65; p¼ 0.099.

Ref, reference; HR, hazard ratio; CI, confidence interval; SSM, superficial spreading melanoma; LMM, lentigo malignant

melanoma; NOS, not otherwise specified; NM, nodular melanoma; ALM, acral lentiginous melanoma; LR, likelihood ratio.
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rate observed in this study matches patterns
worldwide1 but differs from ascending pat-
terns reported at the national level.13

In accordance with reports in Latin
American5,6,25,26 and some European pop-
ulations7,28 but unlike observations among
North Americans,29 the diagnosis of CM is
most frequent in women. However, survival
is lower in men, which may be because, at
diagnosis, men present a greater depth of
tumor invasion, a greater frequency of
ulceration, and a greater presence of distant
metastases; consequently, men are diag-
nosed in advanced stages of disease. In
this sense, it is noteworthy that the frequen-
cy of advanced stages in Manizales (27.3%)
was found to be much higher than that of
high-incidence countries (approximately
8%);30,31 moreover, advanced stage at diag-
nosis has been identified as a distinctive fea-
ture of CM in Colombia.32

Health insurance has been reported to be
a predictor of survival in patients with
cancer (including CM) in Colombia5,33,34

and the United States.35 Nonetheless, in
this study, we found no differences in sur-
vival according to HIR, which could be
owing to the low frequency of cases in
some categories, particularly for the special
and exception HIR. However, this study
was not designed to measure inequities
and it is possible that socioeconomic varia-
bles other than the HIR can better explain
the differences in survival.

Regarding histological subtype, NM and
ALM were found to be predominant in
Manizales, in contrast to reports in non-
Latin American populations.36,37 These
subtypes tend to present particularly unfa-
vorable histopathological and clinical char-
acteristics at diagnosis,10,38–40 which entail a
worse prognosis than those of the SSM and
LMM subtypes,23,41 as we found in this
study. These histological and clinical fea-
tures, in addition to sociodemographic
and genetic factors and barriers in access
to health care, could explain why survival

is lower in Latin American populations, like
that in Manizales, than the rates reported in
high-incidence countries.3,42 Moreover, and
in accordance with the high proportion of
ALM mentioned above, the distribution by
topography in this study was differed
remarkably from that of high-incidence
countries because of the high proportion
of CM in non-photoexposed sites, which
also has an impact on survival (acral site
survival: 53.6%).

Relative survival has been the approach
traditionally used in population-based
cancer survival studies, in part owing to a
lack of access to the cause of death for every
cancer patient.43 However, as Sarfati et al.44

point out, cause-specific survival is also a
valid approach in these studies, particularly
in the context of availability of accurate
information on cause of death and types
of cancer with good survival; these two con-
ditions, which are fulfilled in our study, can
reduce the possible impact of misclassifica-
tion. In this way, the CM cause-specific sur-
vival observed in this investigation was
similar to that reported in other studies
among Latin American populations, in
which the predominance of ALM has been
also confirmed.5–7 Similar to reports in
Peru,8 Brazil,9 and Mexico,6 the histological
subtype ALM presented the most unfavor-
able survival in this study (within subtypes
with specified histology), which adds evi-
dence confirming the consistent epidemio-
logical pattern already known in Latin
America.

Histological subtypes of CM that are
related (SSM, LMM) and unrelated
(ALM) to UV radiation coexist in
Manizales (NM may derive from both
pathways),45 which requires combined pre-
ventive actions, as follows: 1) continuation
of known interventions based on promo-
tion of photoprotection; and 2) secondary
prevention strategies based on early detec-
tion of suspicious skin lesions, mainly those
located in acral sites, which is necessary to

10 Journal of International Medical Research



improve diagnosis and treatment at early
stages. For the above, early detection pro-
grams should include health education for
the general population oriented toward
promoting timely consultation, especially
among men, as well as improved training
for health professionals in primary care
services.

Unlike the findings in European, North
American, and Australian populations
where the CM incidence is high and its sur-
vival is very favorable, in Manizales and
other Latin American populations, CM is
an infrequent cancer but its prognosis is rel-
atively poor1,3 owing to the particular clin-
ical, histological, and social characteristics
of the population.4,46 Thus, it is necessary
to continue surveillance for CM and
improve prevention strategies, together
with expanding research on this cancer,
particularly ALM.

Important limitations in this study
include a considerable amount of unknown
information on histologic and clinical vari-
ables. On the one hand, this is related to
recognized difficulties of quality and
access to information sources specific to
the PBCRs in developing countries;47,48 on
the other hand, in certain cases where we
gained access to the information sources,
the quality of the pathology reports was
poor in terms of detailed descriptions of
tumor characteristics. Such difficulties
translate into shortcomings in the quality
and completeness of our results, which has
also been evidenced in Colombian
population-based studies on stomach
cancer34 and melanoma.5 In the latter
study, the percentage of missing data for
the histological variables Breslow thickness,
ulceration, and histological subtype of mel-
anoma was 58%, 55%, and 28%, respec-
tively. Although the distribution by
histologic type could change in a scenario
with complete information, the findings of
the present study in terms of histologic sub-
type and clinical stage are consistent with

those reported in a case series carried out

in the Department of Caldas,25 of which

Manizales is the capital city. An aspect to

be studied in detail in further research is the

high frequency of NM, which might corre-

spond to SSM detected in advanced stages

of vertical growth. Consequently, removing

barriers to accessing sources of information

in PBCRs and improving the training of

pathologists in pigmented lesions and the

quality of pathological reports of melano-

ma in the regional context must be given

priority to provide more accurate data on

melanoma in Colombia and Latin

America.14 However, challenges to attain-

ing a sufficient level of expertise among

pathologists in low-incidence countries

must be taken into account.
We also recognize that the low number

of cases in some subgroups did not allow us

to perform multivariate analyses with suffi-

cient power, so the results of these models

should be interpreted with caution owing to

the possibility of bias and low precision of

the estimates derived from a small sample

size in some categories. For instance,

regarding the observed differences in sur-

vival by sex, and according to the tables

in Casta~neda et al.,49 following 232 patients

(116 men, 116 women) would result in find-

ing statistically significant HRs in favor of

women, independent of stage and age, as

has been reported in high-incidence

countries.29

Conclusions

In Manizales, CM was found to be more

frequent among women and older people

and is usually diagnosed at advanced

stages, mainly among men. Mortality and

incidence rates are low, but the latter rate is

increasing. Survival probabilities are not

favorable, similar to other Latin American

regions. Age, histological subtype, and clin-

ical stage are strong predictors of survival.

Rodr�ıguez-Betancourt and Arias-Ortiz 11



Histological subtypes that are related

and unrelated to UV radiation exposure

coexist in Manizales, similar to other

Latin American populations. This suggests

that preventive strategies should focus

equally on primary prevention (photopro-

tection) and secondary prevention (early

detection and specific management of sus-

picious lesions).
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