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Morphea (localized scleroderma) is a rare disease cha-
racterized by fibrosis of the skin caused by deposition of 
collagen and extracellular matrix due to chronic inflamma-
tion of the dermis and subcutaneous tissue (1). Systemic 
sclerosis (SSc) is an autoimmune disease characterized by 
vasculopathy, inflammation, and fibrosis of the skin and 
several internal organs (2). SSc can lead to morbidity due 
to internal organ involvement; therefore, an early differen-
tial diagnosis between generalized morphea (GM) and SSc 
is necessary when extensive skin lesions become fibrotic. 

The aim of the current study is to describe the clinical 
and histopathological features of patients diagnosed with 
localized morphea (LM), GM and SSc, and to identify 
crucial elements for distinguishing each disease. 

MATERIALS AND METHODS
This retrospective cohort analysis reviewed the medical records 
of patients diagnosed with morphea and SSc between January 
2008 and March 2022 at the Severance Hospital, Seoul, Korea, a 
tertiary care centre. Patients with skin biopsy-proven morphea and 
SSc were included. Two authors (YNL and JHL) independently 
reviewed the medical records of the dermatology and rheumato-
logy departments. The Institutional Review Board (IRB) of Yonsei 
University Health System approved this study (IRB approval 
number: 4-2022-0238).

The following data were collected: patient demographics, morp-
hology/distribution of lesions, disease duration, disease-related 
symptoms or functional deficits, laboratory findings, and coexisting 
autoimmune diseases. Laboratory results at the time of disease diag-
nosis were included. Clinical subtypes of morphea were classified 
on the basis of the criteria proposed by Prasad et al. (3). SSc was 
diagnosed and classified by rheumatologists using American College 
of Rheumatology and the European League Against Rheumatism 
(ACR-EULAR) criteria, which have a sensitivity of 0.91 and spe-
cificity of 0.92, as well as LeRoy and Medsger’s diagnostic criteria 
(4, 5). Haematoxylin and eosin-stained sections were independently 
examined by 2 board-certified dermatologists (SYC and JMK) under 
blinded conditions. Histopathological features related to morphea 
and SSc were evaluated on the basis of the criteria used in previous 
studies (Tables SI and SII) (6, 7). Data regarding 20 clinical and 19 
histological variables were collected. 

A machine learning (ML) algorithm was developed to classify 
LM, GM, and SSc on the basis of their clinical and histological 
features. To overcome the class imbalance among the 3 disorders, 
preprocessing with synthetic sampling techniques was implement
ed (Fig. S1)  (8–11). A random forest (RF) algorithm with 200 
regression trees was used (Fig. S2), and the optimal model was se-
lected via a grid search model with 3-fold cross-validation. To iden-
tify significant variables in predicting the outcome of algorithm, 
the SHapley Additive exPlanations (SHAP) method was used to 

visualize the importance ranking of features (12). Detailed process 
and architecture of the artificial intelligence model are described 
in Appendix S1.

Categorical variables were compared using Fisher’s exact test 
or χ2 test with adjusted residuals, and a 1-way analysis of vari-
ance was used to compare continuous variables. Performance of 
the ML model was evaluated using the sensitivity, specificity, 
and receiver operating characteristic curves with the area under 
the curve (AUROC) values. Statistical analyses were performed 
using Python, version 3.9.0, and p-values < 0.05 were considered 
statistically significant.

RESULTS

A total of 181 patients were included: 150 (82.9%), 16 
(8.8%), and 15 (8.3%) had LM, GM, and SSc, respectively 
(Tables SIII and SIV). Median ages at diagnosis were 
33.5, 27.5, and 53.0 years for patients with LM, GM, and 
SSc, respectively (p = 0.004). Extremity and hand/foot 
lesions were more common in patients with GM and SSc 
than in those with LM, whereas the trunk involvement 
was frequent in GM (93.8%, p < 0.001). Functional limi-
tations or clinical symptoms were more frequent in GM 
and SSc than in others (68.8% and 100%, respectively; 
p < 0.001); however, frequencies of histories of autoim-
mune disease and non-cutaneous manifestations were 
significantly higher only in patients with SSc. Abnormal 
laboratory findings were frequently reported for GM and 
SSc; however, erythrocyte sedimentation rate (ESR) or 
C-reactive protein (CRP) levels and anti-scleroderma 
(Scl)-70 antibody levels were significantly higher only in 
SSc (86.7% and 26.7%, respectively; p < 0.001). 

There was no significant difference in the sclerosis pat-
tern among the 3 disease subtypes (Table SV). Severe scle-
rosis and fat sclerosis were more frequent in patients with 
SSc than in others (p = 0.001 and p < 0.001, respectively), 
whereas mild sclerosis was more common in patients with 
LM (29.3%, p = 0.024). Dermal subcutaneous and/or fat 
inflammation and plasma cell infiltration were more pre-
valent in patients with GM than in others (p = 0.046 and 
p = 0.028, respectively). Patients with GM and those with 
SSc showed more melanin incontinence than did those 
with LM (p < 0.001); patients with LM had the highest 
fraction with no pigmentary alteration (42.7%, p = 0.006). 

A RF model achieved a micro-averaged AUROC of 
0.987 (95% confidence interval (95% CI) 0.966–0.998), 
sensitivity of 0.909 (95% CI 0.836–0.9820), and specificity 
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of 0.955 (95% CI: 0.918–0.991) for the multiclass classi-
fication. Fig. 1a shows the feature importance ranking of 
all variables used in the multiclass classification RF model, 
evaluated by the mean absolute SHAP value. SHAP values 
quantify the contribution of each feature to the prediction 
for each observation. Essentially, a larger SHAP value 
indicates a stronger effect of the feature on the model’s 
output. Anti-Scl-70 antibody, anti-centromere antibody, 
rheumatoid factor, trunk involvement, and non-cutaneous 
manifestation were the top variables for classifying the 3 
diseases, evidenced by their high SHAP values. Figs. 1b–d 
display SHAP summary plots, illustrating the top 10 most 
important features along the y-axis for predicting each 
disease category. The effect of a specific variable in the 
model was correlated with the SHAP value on the x-axis. 

DISCUSSION

Several studies have compared clinical and histological 
characteristics of morphea and SSc (2, 13, 14); however, 
no studies have differentiated between LM, GM, and 
SSc. Herein, GM and SSc were distinguished from LM 
by lesion involvement, associated symptoms, antinuclear 

antibody levels (ANA), eosinophil count, and melanin 
incontinence. Systemic organ involvement, a history of 
autoimmune disorders, positive disease-specific anti
bodies, and prominent tissue sclerosis were features that 
differentiated SSc from GM.

Several classification systems exist for morphea sub-
types; however, some ambiguities may lead to misclas-
sification (2, 3, 15). A new morphea classification system 
was recently proposed to classify patients with morphea 
into subgroups with cohesive demographic and clinical 
features (3). According to this, the current study analysed 
the generalized and pansclerotic subtypes together as GM. 
GM presents different characteristics from LM and SSc; 
therefore, the current study serves as a rationale for sup-
porting this new classification scheme. 

Leveraging an explainable ML model enabled more 
nuanced discrimination between disease categories than 
provided by conventional statistics alone. The model 
quantified the contribution of each feature to disease 
classification. For example, the presence of trunk and 
lower extremity lesions and an ANA ≥ 1:80 contributed 
positively to the prediction of GM, as evidenced by 
their positive SHAP values; implying that these variab-

Fig. 1. Results of the Shapley Additive Explanation (SHAP) analysis. (a) Importance ranking of the top 10 variables according to the mean absolute 
SHAP value (|SHAP value|), indicating the significance of each feature in the model. (b–d) SHAP summary plots for localized morphea, generalized 
morphea, and systemic sclerosis. Each dot represents the impact of a specific feature for a single patient. The feature value is depicted by the colour 
of the dot, with red indicating a higher feature value (e.g. higher levels of a particular laboratory marker or the presence of a specific symptom), and 
blue indicating a lower feature value (e.g. lower levels of a marker or absence of a symptom). The SHAP value on the x-axis quantifies the contribution 
of each feature to the model’s prediction for a particular patient. Higher SHAP values signify a stronger influence of that feature on predicting a specific 
disease category. The colour bar on the right-hand axes of (b–d) corresponds to the feature value, not the SHAP value. ANA: antinuclear antibody; ESR: 
erythrocyte sedimentation rate; CRP: C-reactive protein; Scl-70: scleroderma-70.
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les increase the likelihood of classifying the patient as 
GM. Conversely, anti-Scl-70 antibody, anti-centromere 
antibody, rheumatoid factor, none of pigmentation, and 
elevated ESR/CRP levels showed negative SHAP values 
in the prediction of GM, indicating that these variables 
decrease the probability of GM. 

The current study showed that GM is distinct from LM 
and SSc, both clinically and histopathologically. This can 
be a rationale for classifying the morphea subtypes based 
on clinical and histopathological characteristics and may 
be helpful in the differential diagnosis of GM and SSc. The 
limitations of the current study include its retrospective, 
single-centre design; small sample size; lack of disease 
activity score; and limited ethnic diversity.
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