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Abstract
Background Growing evidence supports an individualised approach rather than radical surgery for conjunctival melanoma
(CM). This study aimed to compare the long-term outcome between individualised and conventional exenteration
techniques.
Methods Our study retrospectively recruited advanced CM (clinical T3 stage) patients treated with individualised (13 cases) or
conventional (18 cases) exenteration from June 2014 to April 2019. The individualised approach preserved at least
three quadrants of the orbit, and the conventional procedures removed at least one third of the orbital tissues. The medical
records were collected and analyzed during April 2020, including demographics, tumour characteristics, surgical details,
postoperative rehabilitation and tumour-related prognosis.
Results The tumour basal diameter was statistically (P= 0.011) larger in the conventional group (23.3 ± 7.6 mm) than in the
individualised group (15.4 ± 6.3 mm). More tissues were preserved in the individualised group, resulting in a shorter
duration of wound healing (2.1 ± 0.6 vs. 3.6 ± 2.0 weeks, P= 0.018) and less incidence of hollow appearance (15% vs. 72%,
P= 0.003) than the conventional group. After follow-up for 39.3 ± 17.3 months, a comparison of survival curves showed no
significant differences (P= 0.638) between the two groups. The 1- and 2-year overall survival rates were estimated as 100%
and 80.0% in the individualised group, and 93.8% and 72.5% in the conventional group, respectively. Low or mixed
pigmentation was identified as the risk factor for tumour-related mortality based on multivariate regression analysis.
Conclusions The individualised approach to exenteration offers improved aesthetic results while still maximises the curable
chance for advanced CM.

Introduction

Conjunctival melanoma (CM), arising from atypical mela-
nocytes in the basal layer of the conjunctival epithelium, is a
rare but potentially life-threatening malignancy. The disease

comprises 2% of all ocular tumours and 5% of eye mela-
nomas [1]. The annual age-adjusted incidence per million
population is 0.49 in non-Hispanic white, 0.33 in Hispanics,
0.18 in blacks, 0.17 in native Americans and 0.15 in Asians
[2]. Based on Cancer Staging Manual (eighth edition)
published by the American Joint Committee on Cancer, the
staging system of CM contains a clinical T (cT) scale and a
pathological T (pT) scale. Clinically advanced CM indicates
local invasion of globe (cT3a), eyelid (cT3b), orbit (cT3c),
lacrimal sac/nasolacrimal duct/paranasal sinuses (cT3d) or
central nervous system (cT4). The 5-year mortality rate of
advanced CM, estimated around 30.5–60.0%, is sig-
nificantly higher than the locally circumscribed cases [3, 4].

Surgery is the first-line treatment for CM. Tumour
excision with ‘no-touch’ technique is advocated for cT1 and
cT2 staged CM, and orbital exenteration is recommended
for cT3 staged CM [5]. According to the extent of resection,
orbital exenteration can be further classified as total and
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subtotal approaches. Total exenteration removes the entire
orbital contents, while subtotal exenteration preserves at
least a quadrant of the orbit or the apical orbital tissues
posterior to the globe [6]. Over the past decades, the sur-
gical principle of CM shifted from radically extensive
resection to a less invasive, more individualised approach.
The safety surgical margin was initially secured at 5–7 mm
but reduced to 2–3 mm during local excision [7, 8]. An
eyelid-sparing exenteration technique is preferred rather
than an eyelid-sacrificing technique, because the eyelid-
sparing approach can achieve both favourable cosmetic
outcome and acceptable tumour control [9, 10]. More and
more surgeons embrace the concept that the surgical plan
for exenteration should be tailored in each case to maximise
the preserved tissues and to minimise the deforming effect
[11]. A retrospective study provided evidence that the
individualised subtotal exenteration offered improved aes-
thetic results than the total exenteration and still maximised
the chance for surgical cure [6]. Nevertheless, few studies
have compared the long-term outcome between the indivi-
dualised and conventional subtotal exenteration techniques
in advanced CM patients.

Subjects and methods

Patient recruitment

We retrospectively recruited consecutive cT3 staged CM
cases who underwent subtotal exenteration from June 1 2014
to April 30 2019 at Fudan Eye & ENT Hospital. These cases
were assigned into the individualised group and the con-
ventional group based on exenteration techniques. The indi-
vidualised approach customised the surgical margin based on
tumour location and reconstructive options and preserved at
least three quadrants of the orbital tissues [11]. The con-
ventional procedures removed at least one third of the orbital
tissues according to the surgical procedures of subtotal
exenteration as previously described [9, 12]. The study pro-
tocol was in accordance with the Declaration of Helsinki, and
informed consents were obtained from all patients.

Data collection

The medical records were reviewed, including demo-
graphics, tumour characteristics, TNM staging, pathologic
margins, pre- and post-exenteration treatments, preserved
tissues and rehabilitation. The follow-up data were col-
lected during April 2020, including local recurrence,
distant metastasis and tumour-related mortality. Time to
recurrence, metastasis, and death was defined as the
interval between the date of exenteration and the date of
corresponding event.

Statistical analysis

Data were analysed with Statistical Product and Service
Solutions. Student unpaired t test was used for continuous
variables. Two-tailed χ2 test or Fisher exact test was used
for categorical variables as appropriate. Cumulative survival
rates were calculated by Kaplan-Meier curves and com-
pared by log-rank test between different groups. Risk fac-
tors for tumour-related mortality were assessed using Cox
proportional hazards regression model. A value of P < 0.05
was considered statistically significant.

Results

Clinical characteristics

Thirty-one patients were recruited in our study, including
13 cases in the individualised group and 18 cases in the
conventional group. No significant differences were
detected between the two groups regarding to the patient
and tumour characteristics, except that the tumour basal
diameter was statistically larger in the conventional group
(23.3 ± 7.6 mm) than in the individualised group (15.4 ±
6.3 mm) (Table 1). In three cases, the pT stages were more
advanced than the cT stages due to microscopic detection
of orbit or lacrimal sac invasion.

Rehabilitation and cosmetics

More tissues were preserved in the individualised group
(Fig. 1), resulting in shorter duration of wound healing and
less incidence of hollow appearance than the conventional
group (Table 2). In cases without volume replacement, 3 out
of 5 patients (60%) in the individualised group achieved
favourable cosmetic outcome, while only 1 patient (7%) in
the conventional group was satisfied with the postoperative
appearance (Fisher’s exact test, P= 0.037).

Recurrence, metastasis and mortality

Follow-up data were available for all patients with a mean
duration of 39.3 ± 17.3 months (median 34.0, range 12–70),
among which 25 cases (80.6%) have follow-up time for
over 2 years and six cases (19.4%) for over 5 years. Local
recurrence developed in two patients (15%) in the indivi-
dualised group and two patients (11%) in the conventional
group (one-tailed Fisher’s exact test, P= 0.566) with a
mean recurrent time of 16.8 ± 10.9 months. Among them,
one case in the conventional group reoccurred in the orbit
due to positive surgical margin; the other three cases reoc-
curred in the nasolacrimal duct with no melanoma detected
in the lacrimal sac during exenteration (Fig. 2). The local
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Table 1 Patient and tumour characteristics.

Category Total (N= 31)
No. (%)

Exenteration technique P value

Individualised (N= 13) Conventional (N= 18)

Age (y), mean ± SD (range) 60.7 ± 11.7 (28–85) 59.1 ± 13.1 (28–77) 61.9 ± 10.4 (34–85) 0.525

Sex 0.262

Male 19 (61) 6 (46) 13 (72)

Female 12 (39) 7 (54) 5 (28)

Laterality 0.294

Left 13 (42) 7 (54) 6 (33)

Right 18 (58) 6 (46) 12 (67)

Precancerous lesion 0.905

Primary acquired melanosis 24 (77) 10 (77) 14 (78)

Nevus 3 (10) 1 (8) 2 (11)

de novo 4 (13) 2 (15) 2 (11)

Conjunctiva/caruncle involved 0.967

Bulbar (include limbus) 15 (50) 6 (46) 9 (53)

Bulbar (extralimbus) 6 (20) 2 (15) 4 (24)

Fornix 13 (42) 4 (31) 9 (50)

Palpebral 25 (81) 10 (77) 15 (83)

Tarsus 20 (65) 7 (54) 13 (72)

Plica 10 (32) 5 (38) 5 (28)

Caruncle 13 (42) 6 (46) 7 (39)

Tumour epicentre location 0.328

Supranasal 7 (23) 4 (31) 3 (17)

Supratemporal 8 (26) 2 (15) 6 (33)

Infranasal 2 (6) 0 (0) 2 (11)

Infratemporal 8 (26) 5 (38) 3 (17)

Diffuse 6 (19) 2 (15) 4 (22)

Tumour quadrant 0.894

<90 degrees 6 (19) 3 (23) 3 (17)

90–180 degrees 12 (39) 5 (38) 7 (39)

>180 degrees 13 (42) 5 (38) 8 (44)

Pigmentation 0.689

Low or mixed 8 (26) 4 (31) 4 (22)

High 23 (74) 9 (69) 14 (78)

Configuration 0.552

Nodular 23 (74) 10 (77) 13 (72)

Flat 8 (26) 3 (23) 5 (28)

Other features 0.880

Haemorrhage 7 (25) 2 (18) 5 (29)

Multifocal 13 (46) 5 (45) 8 (47)

Feeder vessels 16 (59) 5 (45) 11 (69)

Largest basal diameter (mm), mean ± SD (range) 20.1 ± 8.1 (5.6–35.2) 15.4 ± 6.3 (6.3–28.0) 23.3 ± 7.6 (5.6–35.2) 0.011

Greatest thickness (mm), mean ± SD (range) 7.5 ± 6.4 (0.8–23.0) 6.6 ± 5.8 (1.2–20.0) 8.1 ± 6.7 (0.8–23.0) 0.562

TNM staging

Clinical T category 0.246

cT3a 5 (16) 1 (8) 4 (22)

cT3b 23 (74) 11 (85) 12 (67)
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reginal control rate was estimated as 93.2% at 1 year, 88.8%
at 2 years and 80.7% at 5 years.

Distant metastasis developed in four patients (31%)
in the individualised group and seven patients (39%)
in the conventional group (two-tailed Fisher’s exact test,

P= 0.718) with a mean metastatic time of 19.4 ± 9.0 months
(median 17.0, range 9–40). The metastasis-free survival rate
was estimated as 89.5% (95% CI, 70.9–96.5%) at 1 year,
69.3% (95% CI, 47.6–83.5%) at 2 years, and 51.4% (95% CI,
28.1–70.5%) at 5 years. The overall survival rate was

Table 1 (continued)

Category Total (N= 31)
No. (%)

Exenteration technique P value

Individualised (N= 13) Conventional (N= 18)

cT3c 2 (6) 0 (0) 2 (11)

cT3d 1 (3) 1 (8) 0 (0)

Pathologic T category 0.351

pT3a 3 (10) 0 (0) 3 (17)

pT3b 22 (71) 11 (85) 11 (61)

pT3c 4 (13) 1 (8) 3 (17)

pT3d 2 (6) 1 (8) 1 (6)

N category NA

N0 29 (94) 12 (92) 17 (94)

N1 2 (6) 1 (8) 1 (6)

M category NA

M0 31 (100) 13 (100) 18 (100)

M1 0 (0) 0 (0) 0 (0)

Tumour pathology

Surgical margins 0.676

Negative 25 (81) 10 (77) 15 (83)

Positive 6 (19) 3 (23) 3 (17)

Ki-67 proliferation index (%) 31.9 ± 12.2 (7.5–50.0) 30.6 ± 11.0 (12.5–50.0) 32.9 ± 13.0 (7.5–50.0) 0.614

Local invasion 0.992

Cornea 21 (68) 9 (69) 12 (67)

Eyelid 25 (81) 11 (85) 14 (78)

Orbit 5 (16) 2 (15) 3 (17)

Lacrimal sac 2 (6) 1 (8) 1 (6)

Treatment after exenteration NA

Radiotherapy 5 (16) 2 (15) 3 (17)

Systemic chemotherapy 7 (23) 4 (31) 3 (17)

Medical history prior to exenteration

Initial medical centre 0.484

Our institution 19 (61) 9 (69) 10 (56)

Elsewhere 12 (39) 4 (31) 8 (44)

Previous local excision NA

Excision 6 (19) 3 (23) 3 (17)

Excision, cryotherapy 7 (23) 4 (31) 3 (17)

Number of recurrence 0.282

0 22 (71) 9 (69) 13 (72)

1 5 (16) 1 (8) 4 (22)

2 2 (6) 1 (8) 1 (6)

≥3 2 (6) 2 (15) 0 (0)

Bold indicates statistical significance.

NA not applicable, SD standard deviation.
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Table 2 Tissue preservation and
socket reconstruction.

Category Total (N= 31)
No. (%)

Exenteration technique P value

Individualised
(N= 13)

Conventional
(N= 18)

Tissues preserveda

Upper eyelidb 16 (52) 11 (85) 5 (28) 0.003

Lower eyelidb 18 (58) 11 (85) 7 (39) 0.025

Middle orbitc 15 (48) 11 (85) 4 (22) 0.001

Posterior orbitc 31 (100) 13 (100) 18 (100)

Volume replacement

Orbital implant 8 (26) 8 (62) 0 (0) NA

Dermis fat graft 4 (13) 0 (0) 4 (22) NA

None 19 (61) 5 (38) 14 (78) 0.060

Wound closure

Primary closure 16 (52) 11 (85) 5 (28) 0.003

Split-thickness skin graft 12 (39) 2 (15) 10 (56) 0.032

Artificial buccal mucosa graft 3 (10) 0 (0) 3 (17) NA

Spontaneous granulation 0 (0) 0 (0) 0 (0) NA

Time to wound healing (wk), mean ±
SD (range)

3.0 ± 1.7 (1.5–8.0) 2.1 ± 0.6 (1.5–3.0) 3.6 ± 2.0 (1.5–8.0) 0.018

Hollow appearance 15 (48) 2 (15) 13 (72) 0.003

Other complications

Fistula 1 (3) 0 (0) 1 (6) NA

Infection 0 (0) 0 (0) 0 (0) NA

Chronic pain 1 (3) 0 (0) 1 (6) NA

Bold indicates statistical significance.

NA not applicable, SD standard deviation.
aA preserved structure indicates at least two thirds of the structure were preserved.
bBoth the upper and lower eyelids indicate the eyelid skin and orbicularis muscles.
cMiddle orbit indicates orbital tissues behind the septum, and posterior orbit indicates orbital tissues posterior
to the globe.

Fig. 1 A case of CM treated with individualised exenteration. a–c
A 59-year old male was referred for a 9-year history of recurrence after
local excision of PAM on the left ocular surface 11 years ago. The
multifocal lesions extended onto the limbus, bulbar conjunctiva, tarsal
conjunctiva, caruncle and eyelids (cT3bN0M0). d The proposed skin
incision was marked at 3 mm surgical margin. The preserved tissues

included the upper and lower eyelid skin, the majority of middle orbit,
and the entire posterior orbit. An orbital implant was placed for
volume replacement. e, f The enhanced MRI scan at 2-year follow-up
showed no tumour recurrence, no hollow appearance, and sufficient
vascularisation of the orbital implant on both T1-weighted and T2-
weighted images.
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estimated as 96.6% (95% CI, 77.9–99.5%) at 1 year, 75.8%
(95% CI, 53.8–88.4%) at 2 years, and 51.5% (95% CI,
26.1–71.4%) at 5 years. Comparison of the survival curves
showed no significant differences between the individualised
group and the conventional group (log-rank test, P= 0.638).
The 1-, 2- and 5-year overall survival rate was 100%, 80.0%
and 53.3% in the individualised group, and 93.8%, 72.5% and
50.8% in the conventional group, respectively.

Based on univariate Cox regression analyses, five vari-
ates were identified as the risk factors for mortality,
including low or mixed pigmentation (P= 0.020), largest
basal diameter ≥22 mm (P= 0.048), greatest tumour thick-
ness diameter ≥5.5 mm (P= 0.045), advanced pathologic
stage (pT3c/3d, P= 0.037), and previous recurrence (P=
0.009). After multivariate analysis, only one factor, low or
mixed pigmentation (P= 0.048), remained to be predictive
of tumour-related death (Table 3).

Discussion

Consistent with international assessment, there was slight
preponderance of right eye involvement in our case series
[1]. Male patients relatively predominated, and this pro-
pensity was reported in other Chinese case series
but not in Indian or Caucasian studies [3, 4, 13–15].
Palpebral conjunctiva was mostly commonly involved in
our study, while bulbar conjunctiva was considered as
the most common site in previous studies [16]. This dis-
crepancy of tumour location may be attributed to
more advanced cT stages of our CM cases. Similarly, the
discordance of cT stages between our and previous
studies contributes to larger tumour diameter and greater
tumour thickness in our series. Other clinical and

oncologic characteristics, such as age, precancerous
lesion, tumour epicentre location, tumour pigmentation
and configuration, were comparable between our study
and the other Caucasian and Asian reports [3, 4, 13–16].
Notably, we noticed incongruity between the cT and pT
designations in three CM cases, indicating a potential
pitfall of the cT scale that extensive CM may be over-
looked while localised CM may be overrated under this
staging system [17].

The principle goal of individualised exenteration is to
completely remove tumours while maximise the preserved
tissues. The surgical plan should take into account many
factors, including tumour behaviour, anatomic location,
local extension, and reconstructive options [6, 11]. In our
case series, the tumour diameter was significantly smaller in
the individualised group than the conventional group, sug-
gesting that tumour size is an essential determinant of sur-
gical plan. Based on our experience, we recommend small
tumours with largest basal diameter <22 mm for the indi-
vidualised approach to exenteration. During surgery, we
prefer an eyelid-sparing technique with a surgical margin of
2–3 mm and always remove at least 5 mm of surrounding
orbital tissues if possible. Follow-up results confirmed that
this maximal tissue-preserving technique could achieve
more rapid rehabilitation, more favourable cosmetic out-
come and equally effective tumour control in comparison
with the conventional exenteration. It is worth mentioning
that tumour recurrence in the nasolacrimal duct occurred in
both surgical groups even though the lacrimal sac was free
of melanoma. This unique phenomenon of noncontiguous
spread may be attributed to free‑floating melanoma cells in
the tear film which implant in the lacrimal system during
tear drainage (termed as ‘melanorrhea’) [18]. Therefore,
some surgeons propose that both the lacrimal sac and the

Fig. 2 Local recurrence in the nasolacrimal duct. a–d A 28-year old
male noted diffuse, pigmented lesions of the left eye for 1 month. An
incisional biopsy on the upper palpebral conjunctiva confirmed the
diagnosis of CM (cT3bN0M0). The patient was then referred to our
centre and treated with individualised subtotal exenteration. The
lacrimal sac was removed during surgery, and histopathologic analysis
revealed intraepithelial melanocytic proliferation without atypia in the

lacrimal sac. e, f At 1-year follow-up, both physical palpation and
enhanced MRI imaging showed no local recurrence at the lacrimal
drainage system. g At 2-year follow-up, CT scan presented a nodular
lesion at the nasolacrimal duct with extensive bony invasion. The
recurrent lesion probably resulted from noncontiguous spread of
floating melanoma cells during tear drainage.
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upper nasolacrimal duct should be intentionally removed
during orbital exenteration [19].

The overall survival rates in our study, estimated as
75.8% at 2 years and 51.5% at 5 years, are relatively lower
than previous reports. A retrospective study in Dutch
evaluated 70 cases of CM (T1= 54, T2= 16), and the 2-
year overall survival rate was calculated as 90% [14].
Similar result was published in an Indian study (T1= 16,
T2= 14, T3= 2), reporting that the 2-year overall survi-
val rate was 89% [15]. A recent study of Chinese CM
cases (T1= 3, T2= 25, T3= 29) concluded that the 5-
year overall survival rate was 69.5% [3]. Since advanced
stages predict poor prognosis, we speculate that the rela-
tively higher mortality rate in our study is associated with
more pT3c and pT3d staged cases. According to an
international study of CM, the 5-year overall survival rate
was calculated as 50.0% for pT3c cases and 58.3% for all
pT3 cases [1]. Another comparable study was conducted
in Chinese CM patients, reporting that the 5-year survival
was 40.0% for T3 cases [4]. Our study identified five risk
factors for CM-related mortality, among which previous
recurrence was also a risk factor in the conventional
group. A growing evidence supports that local recurrence
plays negative role in CM prognosis [20–22]. Moreover, a

large Denmark study of 129 CM cases discovered that
patients with incisional biopsy had higher risk of distant
metastasis [5]. Although the choice of incisional biopsy
still varies among surgical centres, most surgeons have
reached consensus that a ‘no-touch technique’ should be
used for local excision of circumscribed CM to ensure
complete tumour removal [7, 8, 23, 24]. Many other
factors have been proposed to predict poor prognosis,
such as de novo arising, involvement of plica/caruncle,
involvement of extralimbus conjunctiva, ulceration on
tumour surface, positive surgical margin and so forth [3–
5, 13–17, 20, 21]. However, these variables were not
identified as risk factors in our case series. Thus, more
studies are required to evaluate controversial variables in
estimating unfavourable outcome in CM cases.

Pitfalls of our study stem from the retrospective design.
For instance, sentinel lymph node biopsy may be beneficial
for long-term survival, but these data are not available
in our case series [25]. Proton radiation, small molecule
inhibitors, and immune checkpoint inhibitors are novel
treatments for CM, but none of our cases received these
therapies [2, 26–30]. We anticipate well-designed pro-
spective studies to investigate the long-term outcome of the
above novel therapies. In addition, only 6 cases in the series

Table 3 Variables associated with tumour-related mortality.

Category Total (N= 31) Individualised exenteration
(N= 13)

Conventional exenteration
(N= 18)

Mortalitya

No. (%)
Univariate analysis
HR (95% CI)

Multivariate analysisb

HR (95% CI)
Mortalitya

No. (%)
Univariate analysis
HR (95% CI)

Mortalitya

No. (%)
Univariate analysis
HR (95% CI)

Pigmentation

Low or mixed 5 (63) 4.40 (1.26–15.35) 15.45 (1.02–233.69) 2 (50) NA 3 (75) 2.50 (0.46–13.76)

High 6 (26) 2 (22) 4 (29)

Largest basal diameter (mm)

<22 2 (13) 1 (11) 1 (17)

≥22 7 (58) 8.32 (1.02–67.71) 23.53 (0.86–642.04) 2 (100) 7.69 (0.68–87.36) 5 (50) NA

Greatest thickness (mm)

<5.5 2 (13) 1 (13) 1 (13)

≥5.5 7 (58) 5.04 (1.04–24.51) 1.36 (0.12–15.68) 2 (50) 4.21 (0.36–49.76) 5 (63) 4.25 (0.47–38.16)

Pathologic T category

pT3a, pT3b 7 (28) 2 (18) 5 (36)

pT3c, pT3d 4 (67) 4.06 (1.09–15.16) 0.45 (0.03–7.29) 2 (100) 5.02 (0.69–36.35) 2 (50) 3.17 (0.53–19.17)

Previous recurrence

Recurrence 5 (56) 5.34 (1.52–18.78) 1.494 (0.19–12.08) 2 (50) 5.02 (0.69–36.35) 3 (60) 5.41 (1.06–27.62)

None 6 (27) 2 (22) 4 (31)

Bold indicates statistical significance.

HR hazard ratio, NA not applicable.
aBecause at the time of the study no curative treatment for metastatic melanoma existed, metastasis and mortality were deemed to be equivalent for
the hazard regression analysis.
bVariables with P < 0.05 in the univariate analyses were included in the multivariate analyses.
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have follow-up time of 5 years and therefore the 5-year
survival rate is misleading. However, analysis of 1- and 2-
year data, preoperative characteristics, tumour pathology,
rehabilitation and aesthetic results was possible. To con-
clude, our study retrospectively recruited exenteration cases
with cT3 staged CM, compared the clinical and prognostic
data between individualised and conventional techniques,
and provided evidence that the individualised approach can
achieve both favourable prognosis and improved rehabili-
tative results.

Summary

What was known before

● Orbital exenteration is the first-line treatment for
advanced CM. The surgical principle has shifted from
extensive resection to an individualised approach. Little
is known about the long-term outcome of individualised
exenteration.

What this study adds

● The study retrospectively compared the long-term
outcome between individualised and conventional
exenteration for advanced CM. The study provided
evidence that the individualised approach minimised the
disfiguring effect and maximised the curable chance.
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