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A review of 31 cases of Marjolin's ulcer on scalp: Is it necessary
to preventively remove the scar?
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We aimed to report the clinical features of squamous cell carcinoma (SCC) occur-
ring on scalp scar tissue among a Chinese population, demonstrate its pathological
progress, analyse the prognosis-related factors, and share our clinical experience of
managing this rare disease in practice. A retrospective study was conducted at West
China Hospital from January 2013 to January 2018 aiming to identify patients with
a diagnosis of SCC or squamous atypical hyperplasia arising from scalp scars.
Their medical records were reviewed, and related data were retrieved. Follow up
was conducted, and informed consent was obtained by phone calls in June 2018.
Of the 31 scalp Marjolin's ulcer (MU) patients, the average latency period and
post-ulceration period were 42.9 years and 37.5 months, respectively. Among
them, 30 patients (97%) were diagnosed with cancer more than 5 years after initial
injury, and 25 patients (80.7%) experienced a pre-ulceration period longer than
20 years. A negative correlation between scalp MU's post-ulceration period and its
pre-ulceration period was identified. Only burn scars caused post-ulceration periods
of more than 24 months (7/19). Incomplete healing wounds experienced a signifi-
cantly shorter latency period (P = 0.004) and longer post-ulceration period than
others (P < 0.0001). However, the depth of tumour infiltration and complete
tumour resection were the only two independent factors that significantly dictated
patients' survival in this study. In conclusion, the scalp scaring tissue experienced a
long-term stable period but would transform to malignancy rapidly and progres-
sively once ulceration formed. The underlying malignant transformation mecha-
nism remains unclear. Thus, we recommend scalp scarring tissue to be radically
removed.
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1 | INTRODUCTION

Being the second most common form of skin cancer, squa-
mous cell carcinoma (SCC) was mainly caused by cumula-
tive ultraviolet exposure in white populations, while the
most predisposing conditions of SCC were scarring pro-
cesses and chronic inflammation in other populations.1,2

This malignant transformation of chronic wounds or scar

tissues (mostly post-burn scars) is known as Marjolin's ulcer
(MU), with a reported incidence rate from 0.77% to 2%.3–5

Once the malignancy develops, it tends to be more aggres-
sive and is associated with a higher risk of metastasis com-
pared with sun-induced SCC in Caucasians.2,6,7

“Marjolin's ulcer” was first named and published when
the French surgeon Jean-Nicholas Marjolin demonstrated the
cellular changes of ulcerated lesions in scar tissue in the
19th century. In 1850, its pathology was described in detail
by Robert Smith. Since then, MU has been reported to be aHaitao Xiao, Ke Deng and Ruolin Liu contributed equally to this study.
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rare and aggressive cutaneous malignant transformation after
inflammatory or traumatic insult to the skin.

Despite emphasis on early surgical management, includ-
ing scar excision and grafting, to prevent scar formation and
malignant transformation of deep burns,4,8 such preventive
strategies were poorly achieved in a clinical context9

because of the low incidence of MU and high cost of surgery
or because of the lack of healthy flap tissue. Because of the
financial limitations and low expectations of medical care in
developing countries, plastic surgeons tend to be conserva-
tive, and early excision with grafting is often thought to be a
heroic treatment.10 Even unstable scars with suspected
masses or ulcers that occur secondary to burn injury are
inadequately managed in most post-burn patients, especially
in developing countries, resulting in cases advancing to the
stage of malignant disease.11 As reported, the suffering of
burned patients in China is partially contributed by poor
access to ideal management of post-burn complications,
which is a universal challenge in all developing countries.12

MU cases have been previously reported, and literature
was reviewed to demonstrate the aggressive nature of the
disease, its treatment options, and prognosis.11,13–15 MU in
scalp, among ulcers all over the body, attracts our attention
the most as it may aggressively invade beyond scalp layers,
and once the cranium is invaded, tumour resection and scalp
reconstruction become intractable,16,17 and this means an
unfavourable prognosis for patients. However, the limited
case volume of MU made it inadequate to exhibit the unique
nature of scalp-involved disease or to signify the importance
of properly managing scalp MU.

Here, with a volume of favourable clinical cases, we
aimed to report on the clinical features of scalp SCC arising
in scar tissue among the Chinese population, demonstrate its
pathological progress, analyse the prognosis-related factors,
and share our clinical experience of managing this rare dis-
ease in practice.

2 | METHODS

We included patients who had primary SCC or squamous
atypical hyperplasia (SAH) occurring on the scalp. Patients
whose lesion never experienced an ulceration period before
the malignancy occurred, patients who had organ transplan-
tation and committed to immunosuppressive agents, patients
who have severe systemic diseases, and patients who had
metastatic cancer arising from other parts of the body were
excluded.

We retrieved medical records of patients with diagnostic
key words such as: “scalp OR head OR occipital OR frontal
OR temporal OR parietal” AND “carcinoma OR tumor OR
malignancy OR cancer” from the medical database of West
China Hospital between January 2013 and January 2018.
Pathological diagnosis was made by experienced patholo-
gists in West China Hospital. Head magnetic resonance

imaging (MRI) scans were performed preoperatively to eval-
uate the lesion evasion and intracranial metastasis. Tissue
infiltration depth was determined by both imaging and
intraoperative biopsy. The surgical decision was made fol-
lowing the principle of resecting the lesion with safe bound-
aries and preserving function as much as possible.
Postoperative management strategies were comprehensively
made based on patients' clinical features, available guide-
lines, and consultation from oncologists.

Data review included demographic information (age and
gender), primary lesion cause, latency period (time from ini-
tial lesion to carcinomatous change), pre-ulceration period
and post-ulceration period, ulceration cause, scar characteris-
tics (location, scar contracture, repeated rupture), pathological
diagnosis, surgery records (tumour infiltration information,
reconstructive strategy, surgical result), and treatment history.
Follow-up was conducted by phone call in June, 2018.

Pearson correlation analysis was performed to evaluate
the relationship between pre-ulceration period (years) and
post-ulceration period (months). An ordinary one-way
ANOVA test was performed to analyse the difference between
multiple groups, and an unpaired t test was performed to
analyse the difference between the two groups. Chi-square
test was performed to evaluate the distribution of patients
with or without complete tumour resection in the post-
ulceration period based on groups. For the survival analysis,
we conducted a log-rank test to compare the survival distri-
bution of indicated groups. A P-value less than 0.05 was
defined as the cut-off value of statistical significance in this
study. Mean values were presented with lower and upper
95%CI, and median values were presented with 75% percen-
tile. For the analysis related to latency-based groups, we
defined the cut-off values of pre-ulceration and post-
ulceration period as 50 years and 6 months, respectively, in
order to stratify patients with the most meaningful factors.

The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected in approval by

Key Messages

• Marjolin's ulcer is a term used to describe a malignancy aris-

ing from inadequately treated scar tissue or chronic ulcers of

the skin; however, the disease rarely occurs and regionally

specific reports about Marjolin's ulcer occurred in scalp have

been locked

• a retrospective study of 31 patients was performed to illustrate

clinical features of Marjorlin's ulcer of the scalp and to analyse

the prognostic factors

• patients with Marjolin's ulcer on the scalp a experienced long

latency period and short post-ulceration period; the depth of

tumour infiltration and complete tumour resection were the

only two independent factors that significantly dictated

patients' survival in this study
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West China Hospital of Sichuan University Biomedical
Research Ethics Committee. Oral informed consent was
obtained by a phone call to each patient involved in this study.

3 | RESULTS

A total of 289 medical files were initially identified and
reviewed further. Thirty-one patients were ultimately included
after the removal of duplicates, non-squamous cell carcinoma,
and cancer that did not arise from scalp scar and ulceration.
The average follow-up time after diagnosis was 4.1 (0.5-8)
years. Demographic and relevant clinical information is pre-
sented in Table 1, including age, gender, aetiology of the
primary lesion, latency period, pre- and post-ulceration periods,
cause for ulceration, location, and the occurrence of scar
contracture and repeated rupture.

4 | CLINICAL FEATURES OF SCALP MU

Sixteen male and 15 female patients were diagnosed with MU
on the scalp, with a mean age of 52.2 (46.2-58.2) years. Among
them, 30 patients (97%) were diagnosed with cancer more than
5 years after initial injury, and the average latency period is
42.9 (35.3-50.5) years. Causes of primary wounds/scars
included burn in 19 cases (61.3%), trauma (surgery) in 7 cases
(22.6%), and infection in 5 cases (16.1%). For the characteris-
tics of the lesions, the top of the head was found to be involved
in 24 cases (77.4%), which was the most often involved area.
Scar contracture occurred in six patients (19.4%).

To demonstrate the characteristics of scalp MU's malig-
nant transformation, we performed a thorough analysis of
scalp MU's latency period. In all the included scalp MU
cases, 25 of 31 cases (80.7%) experienced a pre-ulceration
period longer than 20 years. We found a negative correlation

(R2 = 0.2697) between MU's post-ulceration period and its
pre-ulceration period, indicating the longer the scalp scar
stays stable, the faster the malignant transformation happens
(Figure 1A). In an analysis of the primary causes of lesions,
we found that both the latency period and pre-ulceration
period of infection-caused lesions are significantly longer
than those of lesion caused by burns (P = 0.008; 0.011) or
trauma/surgery (P = 0.041; 0.043) (Figure 1B,C). However,
patients with and without scar contracture did not show any
significant difference between their latency periods
(P = 0.906), nor did patients with and without repeated rup-
ture (P = 0.957) (Figure 1E,F).

After a relatively long stable period, most wounds/scars
became ulcers through a secondary irritating factor, which
included 12 cases of spontaneous ulcer (38.7%), 10 cases of
trauma (32.3%), 5 cases of scratching (16.1%), and 4 cases of
incomplete healing (12.8%). The average post-ulceration
period of all the included patients is 37.5 (7.0-67.9) months.
We analysed factors that might affect the post-ulceration
period and found only burn scars caused in post-ulceration
periods of more than 24 months, and this happened in 7 of
19 cases (Figure 2A). Considering patients with original
wounds that never healed as a separate group, we found that
patients with incomplete healing ulcerations experienced a
significantly shorter latency period (P = 0.004) and longer
post-ulceration period than others (P < 0.0001) (Figures 1D
and 2B), indicating that this group of wounds is more chronic
than others, and the pathophysiological malignant transfor-
mation of chronic wounds is different from scar tissues.

5 | TREATMENTS AND OUTCOMES

To demonstrate the prognostic information of included MU
patients in detail, we reported the tumour invasion and

TABLE 1 Demographic and relevant clinical information

Age (years)
Mean
52.2 (46.2–58.2)

Median
49 (40–63)

Gender
Female
15 (48.4%)

Male
16 (51.6%)

Primary lesion causes
Burn
19 (61.3%)

Trauma/surgery
7 (22.6%)

Infection
5 (16.1%)

Latency period (years)
Mean
42.9 (35.3–50.5)

Median
46 (33–60)

Pre-ulceration period (years)
>20 years
25 (80.7%)

≤20 years
6 (19.3%)

Post-ulceration period (months)
Mean
37.5 (7.0–67.9)

Median
6 (2–24)

Ulceration causes
Spontaneous
12 (38.7%)

Trauma
10 (32.3%)

Scratching
5 (16.1%)

Incomplete healing
4 (12.9%)

Scalp areas involved
Top
24 (77.4%)

Occiput
13 (41.9%)

Temple
7 (22.6%)

Scar contracture
Yes
6 (19.4%)

No
25 (80.6%)

Repeated rupture
Yes
7 (22.6%)

No
24 (77.4%)
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pathological types, treatment details, and clinical outcomes
of each patient included in Table 2.

To identify potential risk factors of the scalp MU
patients' survival, we performed a survival analysis based on
tumour infiltration depth, surgical resection, pathological
type, adjunctive radiotherapy, and pre- and post-ulceration
period. Finding out whether the tumour infiltrated beyond

the skull and whether it was fully resected were two inde-
pendent factors that significantly dictated patients' survival
(P < 0.0001; P = 0.0018) (Figure 3A,B). In our study, all
the patients whose tumour did not go beyond the skull or
patients who received completed tumour resection were alive
without tumour till the completion of our follow
up. However, for those with the diagnosis of SCC and

Equation

R

Y = -1.826*X + 110.4

square 0.2697

**

NS NS

(A) (B)

(E) (F)

(C)

*
*  

*

(D) **

Repeated rupture

Scar contracture

FIGURE 1 Latency period of malignant transformation analysis. A, MU's post-ulceration period is negatively correlated with its pre-ulceration period. B, C,
The latency period and pre-ulceration period of primary lesion caused by infection is significantly longer than that by burn or trauma/surgery. D, Incomplete
healing wounds experienced a significantly shorter latency period than other ulcerations occurring on scar. E, F, No significant difference of latency period
was found between patients with and without scar contracture, nor between patients with and without repeated rupture. *P < 0.05; **P < 0.01; NS, P > 0.05

FIGURE 2 Post-ulceration period and its related factors. A, Only burn scar was found to cause post-ulceration periods of more than 24 months, and it
happened in 7 out of 19 cases. B, Incomplete healing caused a significantly longer post-ulceration period than other ulceration causes. C, Longer post-
ulceration period (>6 months) is positively correlated with complete tumour resection. *P < 0.05; **P < 0.01; ****P < 0.0001; NS, P > 0.05
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intracranial metastasis who lost the opportunity to fully
resect the tumour subsequently, whether they had the pallia-
tive surgery or not did not help them to live free of tumour
for 5 years, and four of eight patients (50%) died within
2 years after diagnosis. Although no significant difference
was found between the survival of SAH and SCC group
(P = 0.2241), we reported deaths of 5 of 17 (29.4%) SCC
patients within 2 years after their diagnosis, while all the
SAH patients lived tumour-free for more than 2 years
(Figure 3C). We also found that radiotherapy does not
affect MU patients' survival (P = 0.8251) (Figure 3D),
which corresponds with previous opinions that MU does
not respond to radiotherapy. Interestingly, we noticed that
patients with a longer post-ulceration period (more than
6 months) were more likely to have a better survival out-
come (P = 0.0843) (Figure 3E), which corresponded well

with the result that a longer post-ulceration period meant
more complete tumour resection (P = 0.0078) (Figure 2C).
We expected to see a shorter pre-ulceration period dictat-
ing worse survival as pre- and post-ulceration periods were
negatively correlated as we demonstrated before
(Figure 1A). However, we failed to identify a significant
survival difference between subgroups based the on pre-
ulceration period (P = 0.2767) (Figure 3F). Interestingly,
when we took a closer look at the data, we noticed that
only 1of 8 (12.5%) patients died within 2 years post-
diagnosis in the longer pre-ulceration period group, while
4 of 13 (30.8%) patients died within 2 years in the shorter
group (Figure 3F). We further analysed the possible
survival-related factors, including the primary lesion cause,
ulceration causes and scar characteristics, but failed to
identify any significant difference between these groups.

TABLE 2 Treatment and outcomes

Infiltration depth
At or above the skull
17 (54.8%)

Under the skull
10 (32.3%)

Unclear
4 (12.9%)

Pathological diagnosis
SCC
27 (87.1%)

SAH
4 (12.9%)

Reconstructive strategies
Free flap
12 (38.7%)

Local flap
2 (6.5%)

Skin grafting
6 (19.3%)

No surgery
4 (12.9%)

Unclear
7 (22.6%)

Surgical results
Complete resection
16 (51.6%)

Palliative resection or no surgery
8 (25.8%)

Unclear
7 (22.6%)

Other treatments
Radiotherapy
12 (38.7%)

No
14 (45.2%)

Unclear
5 (16.1%)

Survival outcomes
Tumour free
16 (51.6%)

Death
7 (22.6%)

Lost follow-up
8 (25.8%)

Abbreviations: SCC, squamous cell carcinoma; SAH, squamous atypical hyperplasia.

(A) (B) (C)

**** **

NS

NS

NS

NS

(E)(D) (F)

FIGURE 3 Prognostic factors analysis. Survival curve of patients grouped by: A, Lesion infiltration depth. B, Tumour resection outcome. C, Pathological
type. D, Radiotherapy. E, Post-ulceration period. F, Latency periods. **P < 0.01; ****P < 0.0001; NS, P > 0.05
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6 | DISCUSSION

In this study, we found that scalp MU's post-ulceration period
was negatively correlated with its pre-ulceration period. A scalp
scar experienced a long-term stable period but would then
transform to malignancy rapidly and progressively once the
ulceration was formed. Incompletely healed ulcerations or
chronic wounds without formed scar experienced a shorter
latency period before the malignancy was formed but a longer
post-ulceration period compared with other scalp MUs. How-
ever, chronic inflammatory irritating factors did not dictate
worse survival of scalp MU patients. Tumour infiltrate depth
and complete tumour resection were the only two independent
factors that significantly affected patients' survival in this study.

A typical latency period of MU including pre- and post-
ulceration period was described to be an important
pathophysiological character of the disease, and it helps
demonstrate the nature of the disease.18 Previous studies
reported two types of MU, those with short pre-ulceration
period and long duration of ulceration and the others with
long pre-ulceration period and sudden onset of malignancy
after ulceration happened. Skin breakdown on chronic scars
and chronically unhealed ulcers are two main sources of
MU. MU was suggested to be preventable with a close sur-
veillance of the ulcer during the latency period.18 Along with
our practice, we realised that the malignant transformation
that occurred secondary to a scalp scar tended to experience
a long pre-ulceration period, during which the scar tissue is
stable. As a result, both patients and health care providers
would regard radical surgery as an unnecessary option.
However, once the ulceration takes place, no matter what the
irritating factor is, malignancy will progress so rapidly that
surgeons are always left with a late-stage disease to
fight with.

Based on theories that attributed malignant transforma-
tion to repeated ulceration and prolonged stimulus for cellu-
lar proliferation provided by subsequent initiation of
reepithelialisation and possible spontaneous mutations,19–21

we analysed the irritating factors during the course of dis-
ease. Surprisingly, we found that repeated rupture or the for-
mation of scar contracture did not make any difference to
the latency period. In addition, incomplete healing or an
infection-irritated scar experienced longer post-ulceration
period, which subsequently meant better survival. It indi-
cated that the malignancy transformation of scalp MU was
hard to be solely explained by chronic irritation theories and
might be completely different from MUs that were mostly
reported in limbs before. The underlying mechanisms of the
progress of scalp MU need to be further elucidated.

We failed to identify significant survival differences
between groups based on incomplete wound healing, pathologi-
cal types, adjunctive radiotherapy, and pre- and post-ulceration
period. However, we do observe that patients with SCC and
shorter pre- and post-ulceration period are more likely to die

within 2 years post-diagnosis. We expect to see statistically sig-
nificant differences within these groups with larger case volume
or prospective studies in the future.

In China, the rehabilitation measures or any prosthetic
care given for scar is not yet covered by public health insur-
ance. As a result, patients and health providers constantly
face the dilemma of when the proper time to be radical is
and how to actively manage the scalp scar during its patho-
logical progression. One strategy of saving MU patients
could be to prolong the latency period to exceed their life-
spans. However, as our results demonstrated that longer pre-
ulceration period means shorter post-ulceration time, it could
be extremely risky to live with a stable scalp scar for years
as the scar would progress rapidly once it was formed, leav-
ing us little time to conduct complete resection. Considering
the dreadful aftermath of scalp malignancy occurring sec-
ondary to wounds healed by secondary intention, wounds
healed inappropriately, and fragile burn scars that ulcerate
easily, we strongly believe that early excision and grafting
of scalp scar is sensible and cost-effective as a preventive
measure for MU's occurrence.

There were several limitations within this retrospective
study. First, we had eight cases lost to follow-up as demon-
strated in Table 2. As a result, all the survival analysis was
constructed with survival data of the other 23 patients. This
led to a higher risk of selective bias and minimised the sam-
ple size as well. Second, it is impossible for us to report the
survival rate of either all included patients as a whole or each
defined group because the follow-up time of each patient
were undefined. Third, in order to find the most distin-
guished differences between groups to stratify patients, we
discarded the average value or mean as the cut-off values
and defined pre-ulceration and post-ulceration period as
50 years and 6 months, respectively, instead. Although it is
not a statistical routine to do so, we present case data in the
most meaningful way. Considering the limitations of a retro-
spective study and the relatively small sample size, larger
prospective multicentre studies across several hospitals
should be further performed to better address the clinical
characteristics, analyse prognostic factors, and explore opti-
mised treatment strategies for scalp MU.

In conclusion, the scalp scaring tissue experienced a
long-term stable period but transformed to malignancy rap-
idly and progressively once the ulceration formed. As a
result, the rapidly invasive and lethal disease could be easily
overlooked at an early stage. The underling malignant trans-
formation mechanism could be something other than chronic
inflammatory irritation. Thus, we strongly recommend scalp
scarring tissue to be preventively removed.
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