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Abstract: This study aims to identify factors influencing aesthetic outcomes following facial basal cell carcinoma 
(BCC) plastic surgery to enhance post-operative satisfaction and cosmetic results. A retrospective cohort study 
was conducted on 303 patients who underwent facial BCC plastic surgery between June 2021 and June 2023. 
Data on demographics, blood tests, SF-12, and Skindex-16 scores were analyzed. Patients were categorized into 
satisfactory and unsatisfactory outcome groups based on post-operative assessments. The training set of patients 
was sourced from the Third Affiliated Hospital of Soochow University, while the testing set of patients was sourced 
from the First Affiliated Hospital of Soochow University. Of 209 patients, 116 were in the satisfactory group, 93 in 
the unsatisfactory. Factors enhancing positive outcomes included reconstruction methods (P < 0.001) and smaller 
tumor diameters (P = 0.006). Higher pre-op 12-item Short Form Survey (SF-12) scores correlated with better out-
comes (P = 0.005). Lower Skindex-16 scores were noted in the satisfactory group (P < 0.001). Logistic regression 
highlighted reconstruction method, aging signs, SF-12 scores, and Skindex-16 as key predictors. A random forest 
model achieved an area under the curve (AUC) of 0.984. External validation confirmed similar associations with sat-
isfactory outcomes (AUC = 0.870). Aesthetic outcomes in facial BCC plastic surgery are influenced by reconstruction 
method and tumor diameter, patient health status (SF-12), and skin-related quality of life (Skindex-16). Personalized 
surgical planning and comprehensive care are essential for optimizing outcomes.

Keywords: Basal cell carcinoma, plastic surgery, aesthetic outcome, 12-item Short Form Survey, Skindex-16, tu-
mor diameter, reconstruction methods

Introduction

Basal cell carcinoma (BCC) is the most preva-
lent form of skin cancer, accounting for approxi-
mately 80% of all non-melanoma skin cancers 
[1]. As a malignancy primarily affecting the skin, 
BCC often occurs on sun-exposed areas of the 
body, with the face being one of the most com-
mon sites [2]. The high incidence of facial BCC 
poses significant challenges, not only due to its 
local invasiveness but also the critical impor-
tance of facial aesthetics and function [3, 4]. 
Hence, surgical excision remains the gold stan-
dard treatment, aiming to completely remove 
tumor while preserving cosmetic and functional 

integrity [5]. However, outcomes vary consider-
ably depending on multiple factors including 
patient demographics, tumor characteristics, 
and surgical techniques employed [6].

Several studies have identified factors that 
influence outcomes following BCC excision and 
reconstruction, such as primary closure, local 
flap reconstruction, and skin grafting [7-9]. 
Each method carries distinct advantages and 
limitations based on the defect size, location, 
and patient-specific factors [10]. Direct suturing 
and local flaps are often favored for their supe-
rior aesthetic results, attributed to better color 
and texture matching with surrounding tissues 
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and enhanced vascularization that promotes 
healing [11]. In contrast, skin grafting, while 
effective for larger defects, frequently results in 
aesthetic discrepancies and a higher rates of 
complications [12].

Health-related quality of life (HRQoL) is a criti-
cal measure in evaluating the success of facial 
BCC surgery. Beyond the physical removal of 
the tumor, the psychosocial implications of sur-
gical outcomes significantly influence patient 
satisfaction [13]. Tools like the 12-item Short 
Form Survey (SF-12) capture both physical and 
mental health dimensions, providing a compre-
hensive evaluation of postoperative outcomes 
[14]. Dermatology-specific instruments like the 
Skindex-16 delve into the impact of skin dis-
ease on quality of life, encompassing function-
al, emotional, and symptomatic domains [15].

Emerging evidence suggests that systemic and 
local inflammatory responses may influence 
surgical outcomes and healing processes in 
skin cancer patients [16]. Biomarkers such as 
interleukin-6 (IL-6), interleukin-8 (IL-8), tumor 
necrosis factor-alpha (TNF-α), and C-reactive 
protein (CRP) are indicative of inflammatory 
states that could potentially impact wound 
healing and surgical recovery [17]. However, 
the specific relationship between preoperative 
inflammatory markers and cosmetic outcomes 
in BCC surgery remains to be clarified.

Given the complexity of influencing factors and 
the variability in outcomes, there is a need for a 
predictive model that can assist clinicians in 
selecting the most appropriate reconstructive 
strategy tailored to individual patients. The cur-
rent study aims to construct such a model by 
analyzing a comprehensive dataset, including 
detailed preoperative, intraoperative, and post-
operative parameters, to identify key predictors 
of patient satisfaction and develop a practical 
tool for clinical decision-making.

Materials and methods

Subjects

This retrospective cohort study included 303 
patients who underwent facial BCC resection 
via plastic surgery between June 2021 and 
June 2023 at the Third Affiliated Hospital of 
Soochow University and the First Affiliated 
Hospital of Soochow University. Among these, 

209 patients with complete preoperative and 
postoperative data were included in the train-
ing set for the predictive model, and 94 patients 
were included in the test set for external valida-
tion. Patient demographic information, includ-
ing general information, complete blood count, 
serum inflammatory markers, SF-12 score and 
Skindex-16 score, was collected through the 
medical record system. The study was approved 
by the Ethical Review Committee of the Third 
Affiliated Hospital of Soochow University and 
the First Affiliated Hospital of Soochow Uni- 
versity. Informed consent was waived due to 
the retrospective nature of this study. The sam-
ple size for this study was calculated to ensure 
sufficient statistical power to detect a clinically 
significant difference in the primary outcome 
measure, which was the proportion of patients 
achieving satisfactory aesthetic outcomes 
after facial BCC surgery. To ensure sufficient 
statistical power, a power analysis was con-
ducted based on preliminary data indicating an 
expected effect size of d = 0.8 with α = 0.05 
and power (1 - β) = 0.95. This analysis suggest-
ed a minimum sample size of 42 participants 
per group to detect a significant difference 
between the two groups. Considering an antici-
pated dropout rate, the final sample size was 
adjusted accordingly.

Inclusion Criteria: (1) Age > 18 years, no history 
of mental illness, normal cognitive function, 
and the ability to cooperate with various treat-
ments and examinations; (2) Patients diag-
nosed with a single facial BCC with planned 
plastic surgery resection.

Exclusion Criteria: (1) Unstable vital signs, 
including heart rate, body temperature, and 
blood pressure; (2) Severe cognitive impair-
ment (mini-mental state examination (MMSE) 
score < 24 points), visual or auditory dysfunc-
tion, history of mental illness, or inability to 
cooperate with treatment or examination; (3) 
Patients with failed follow-up or incomplete 
clinical data within one month after surgery.

Grouping criteria

The primary focus of this research is the aes-
thetic outcome post-repair. One month after 
surgery, cosmetic results were evaluated jointly 
by the chief surgeon, other departmental physi-
cians, and patients themselves, based on five 
criteria [18]. (1) Symmetry: 3 points for bilateral 
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symmetry, 2 points for slight asymmetry, and 1 
point for severe asymmetry; (2) Organ traction 
deformation: 3 points denote no deformation, 2 
points for mild deformation, and 1 point for 
obvious deformation; (3) Local flatness: 3 
points for smoothness without protrusions or 
depressions, 2 points for minor protrusions or 
depressions, and 1 point for noticeable protru-
sions or depressions; (4) Color match: 3 points 
for matching surrounding tissue color, 2 points 
for some color difference, and 1 point for sig-
nificant color disparity; (5) Texture: 3 points for 
soft texture, 2 points for medium texture, and 1 
point for hard texture.

Patients were classified into two groups based 
on their total aesthetic effect scores post-
repair. A score of 27 or higher indicated a satis-
factory outcome (satisfactory group, n = 116), 
whereas scores below 27 were considered 
unsatisfactory (unsatisfactory group, n = 93). A 
total of 209 patients were included in the train-
ing set for this study. In addition, an internal 
validation was conducted using a 10-fold cross-
validation method to ensure the stability and 
reliability of the model. For external validation, 
94 patients who met the same inclusion crite-
ria were also evaluated. Based on the overall 
aesthetic score after repair, these patients 
were similarly divided into a satisfactory group 
(n = 51) and an unsatisfactory group (n = 43). 
The training set of patients was sourced from 

the Third Affiliated Hospital of Soochow 
University, while the testing set of patients was 
sourced from the First Affiliated Hospital of 
Soochow University. The study design flow 
chart for this research is shown in Figure 1.

Blood testing

Fasting venous blood (5 ml) was collected from 
each patient before 8 am. DxH800 blood ana-
lyzer (Beckman Coulter, Inc., Brea, CA, USA) 
was utilized to measure complete blood count, 
including red blood cells, white blood cells, neu-
trophils, lymphocytes, eosinophils, basophils, 
hemoglobin, and platelets. CRP level was asse- 
ssed using the BECKMAN Synchronx20 fully 
automatic biochemical analyzer (Beckman 
Coulter, Inc., Brea, CA, USA) with rate scattering 
turbidimetry. Whole blood samples were antico-
agulated with ethylenediaminetetraacetic acid 
(EDTA), and the erythrocyte sedimentation rate 
(ESR) was measured using the TEST 1 automat-
ed analyzer (ALIFAX, Inc., Italy). The sample was 
centrifuged at 3000 revolutions per minute for 
5 minutes to extract the supernatant. Tumor 
necrosis factor-alpha (TNF-α) (ab181421, Ab- 
cam, USA), interleukin-6 (IL-6) (ab178013, 
Abcam, USA), and interleukin-8 (IL-8) (ab18- 
5986, Abcam, USA) levels were measured 
using enzyme-linked immunosorbent assay 
(ELISA).

Figure 1. Study design flowchart.
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Surgical methods

Surgeons carry out operations under either 
local infiltration anesthesia or general anesthe-
sia for tracheal intubation, depending on the 
patient’s condition. Using methylene blue, the 
incision line was demarcated according to the 
tumor’s type and location, with a margin of 0.4-
2.0 cm from the tumor boundary. The affected 
tissue was excised completely along the 
marked line and sent for immediate frozen 
pathological assessment. If the pathology 
report indicated a positive margin, the resec-
tion boundary was extended. Once a negative 
margin was confirmed, surgical repair was initi-
ated based on the dimensions of the wound.

The primary repair techniques include direct 
suturing, local skin flaps, free skin grafts, and 
free skin flaps. Direct suturing involves sequen-
tially reducing tension and closing the wound in 
layers. Local skin flaps may involve various 
methods such as advancement, rotation, kite, 
dual triangle, and expansion flaps, depending 
on the site’s anatomy, to preserve aesthetic tis-
sue morphology. During flap repair, the flap was 
designed slightly larger than the wound to 
ensure adequate blood circulation at the pedi-
cle. For free skin grafting, donor skin closely 
match the facial skin color was chosen to mini-
mize post-operative color mismatch, and nylon 
thread was used for suturing to reduce visible 
scarring, particularly near the eyes. For free 
flap procedures, meticulous attention was 
given to blood vessel anastomosis and main-
taining good pedicle blood supply during post-
operative bandaging.

Health status, SF-12 score

The SF-12 survey is a 12-question instrument 
used to assess an individual’s health status 
across eight dimensions, aiming to identify 
health problems and evaluate life functions. 
The overall score is calculated by summing the 
weighted scores of each dimension. Higher 
total scores indicates better health status. The 
SF-12 is divided into two components: Mental 
Health Component (MCS) and Physical Health 
Component (PCS). The instrument shows good 
internal consistency, as evidenced by Cron- 
bach’s alpha values of 0.707 for MCS and 0.743 
for PCS [19]. The SF-12 scores were obtained 
at least one month prior to surgery to avoid the 
influence of surgical outcomes on the results.

Skin-related QOL, Skindex-16 subscale

Skindex-16 serves as an instrument for evalu-
ating skin health, consisting of 16 questions 
that address various aspects. The assessment 
is divided into three primary dimensions: symp-
toms, emotions, and function. Higher scores on 
this scale indicate a more significant impact of 
skin issues on the individual assessed. The 
internal consistency of the Skindex-16 is dem-
onstrated by Cronbach’s alpha values: 0.867 
for symptoms, 0.930 for emotions, and 0.888 
for functioning, demonstrating strong reliability 
for each domains [20]. The Skindex-16 scores 
were also obtained at least one month before 
the surgery to ensure that they were not influ-
enced by the surgical outcomes.

Statistical method

Measurement data were presented as either 
the mean ± standard deviation (SD) or the 
median with interquartile range (IQR), depend-
ing on whether the data conform to a normal 
distribution. Categorical data were reported as 
frequencies and percentages. Continuous vari-
ables were compared between two groups 
using unpaired t-tests. Univariate and multivari-
ate logistic regression analyses were per-
formed to calculate the odds ratio (OR) and 
95% confidence interval (CI) for each parame-
ter when treated as a continuous variable. A P 
value of less than 0.05 indicates statistical sig-
nificance. All statistical analyses were per-
formed using SPSS software version 19 (SPSS 
Inc., Chicago, IL, USA) and the R software pack-
age version 3.0.2 (Free Software Foundation, 
Inc., Boston, MA, USA).

Results

Comparison of general information between 
two groups of patients

Demographic and clinical characteristics of the 
study participants are summarized in Table 1. 
There were no significant differences between 
the Satisfactory group (n = 116) and the Un- 
satisfactory group (n = 93) for most parame-
ters. However, the reconstruction method 
showed significant differences between groups, 
with the Satisfactory group having higher pro-
portions of direct stitching and local skin flaps, 
whereas the Unsatisfactory group had a higher 
usage of skin grafting (P < 0.001).
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Comparison of preoperative blood routine test 
between two groups of patients

The comparison of preoperative blood routine 
test results between two groups did not reveal 
any significant differences in terms of ESR, Red 
blood cell counts, white blood cell counts, neu-
trophil counts, lymphocyte counts, eosinophil 
counts, basophil counts, hemoglobin levels, 
and platelet counts (Table 2).

Comparison of serum inflammatory factors 
between two groups of patients

The comparison of serum inflammatory factors 
between the satisfactory and unsatisfactory 

groups before treatment did not reveal any sig-
nificant differences in terms of IL-6, IL-8, TNF-α, 
and CRP levels (all P > 0.05, Table 3).

Comparison of tumor characteristics between 
two groups of patients

The comparison of tumor characteristics be- 
tween the satisfactory and unsatisfactory 
groups revealed a significant difference in 
tumor diameter (Table 4). A greater proportion 
of patients in the satisfactory group had tumors 
with a diameter of 10 mm or less compared to 
the unsatisfactory group (68 vs. 36; P = 0.006). 
However, the presence of histologic risk factors 

Table 1. Comparison of general information between two groups
Parameters Satisfactory group (n = 116) Unsatisfactory group (n = 93) t/χ2 P
Age (years) 60.40 ± 27.50 62.86 ± 28.2 0.636 0.526
BMI (kg/m2) 24.73 ± 3.30 25.02 ± 3.12 0.666 0.506
Education Level (years) 13.36 ± 3.62 13.32 ± 2.85 0.082 0.935
Gender [n (%)] 0.039 0.844
    Male 75 (64.66%) 58 (62.37%)
    Female 41 (35.34%) 35 (37.63%)
Employment, work for pay [n (%)] 66 (56.90%) 40 (43.01%) 3.446 0.063
Hypertension [n (%)] 0.071 0.79
    Yes 38 (32.76%) 33 (35.48%)
    No 78 (67.24%) 60 (64.52%)
Diabetes Mellitus [n (%)] 0.226 0.635
    Yes 45 (38.79%) 40 (43.01%)
    No 71 (61.21%) 53 (56.99%)
Smoking history [n (%)] 49 (42.24%) 42 (45.16%) 0.08 0.777
Drinking history [n (%)] 52 (44.83%) 47 (50.54%) 0.465 0.495
History of previous NMSC [n (%)] 64 (55.17%) 48 (51.61%) 0.139 0.709
Aging signs [n (%)] 84 (72.41%) 83 (89.25%) 8.091 0.004
Anatomic location of BCC [n (%)] None 0.981
    Forehead unit 34 (29.31%) 25 (26.88%)
    Nasal unit 38 (32.76%) 31 (33.33%)
    Eyelid units 16 (13.79%) 13 (13.98%)
    Cheek units 23 (20.17%) 21 (22.58%)
    Upper/lower lips 5 (4.31%) 3 (3.23%)
Reconstruction method [n (%)] None P < 0.001
    Direct stitching 22 (19.05%) 6 (6.45%)
    Local skin flap 76 (65.52%) 33 (35.48%)
    Skin grafting 15 (12.93%) 51 (54.84%)
    Free skin flap 3 (2.59%) 3 (3.23%)
Treating clinician [n (%)] 0.213 0.899
    Attending physician 61 (52.59%) 46 (49.46%)
    Resident 31 (26.72%) 26 (27.96%)
    Nurse practitioner 24 (20.69%) 21 (22.58%)
Note: BMI: body mass index; NMSC: Non-melanoma Skin Cancer; BCC: basal cell carcinoma.
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for recurrence did not significantly differ be- 
tween the two groups (P = 0.339). Additionally, 
there was no significant difference in the pro-
gression time (P = 0.777).

Comparison of health status (SF-12 score) be-
tween two groups of patients

SF-12 scores were significantly higher in the 
satisfactory group for both PCS (48.87 ± 10.61 
vs. 44.35 ± 11.93; P = 0.005) and MCS (52.46 
± 9.28 vs. 48.32 ± 11.47; P = 0.005) (Figure 2).

Comparison of skin-related QOL (Skindex-16 
subscale score) between two groups of pa-
tients

Skindex-16 subscale scores were significantly 
lower in the satisfactory group across all sub-

scales (symptoms: 7.56 ± 2.38 vs. 17.03 ± 
5.17; P < 0.001; emotional effects: 18.47 ± 
4.81 vs. 39.32 ± 10.26; P < 0.001; functioning: 
2.35 ± 0.76 vs. 6.35 ± 2.11; P < 0.001) com-
pared to the unsatisfactory group (Figure 3).

Univariate correlation analysis of factors af-
fecting the outcomes of plastic surgery

Univariate correlation analysis identified sever-
al factors significantly correlated with unsatis-
factory outcomes: employment status (rho = 
-0.138, P = 0.046), aging signs (rho = 0.209, P 
= 0.002), reconstruction method (rho = 0.418, 
P < 0.001), tumor diameter (rho = -0.198, P = 
0.004), and Skindex-16 subscales (symptoms: 
rho = 0.780, P < 0.001; emotional effects: rho 
= 0.832, P < 0.001; functioning: rho = 0.790, P 
< 0.001) (Figure 4).

Table 2. Comparison of preoperative blood routine test between two groups of patients
Parameters Satisfactory group (n = 116) Unsatisfactory group (n = 93) t P
ESR (mm/h) 35.83 ± 5.36 34.76 ± 4.98 1.488 0.138
Red blood cell (1×106/μL) 5.44 ± 1.59 5.32 ± 1.67 0.51 0.61
White blood cell (1×103/μL) 7.38 ± 1.62 7.26 ± 1.67 0.513 0.609
Neutrophil (1×103/μL) 4.32 ± 1.06 4.37 ± 1.08 0.379 0.705
Lymphocyte (1×103/μL) 2.03 ± 0.68 2.09 ± 0.71 0.64 0.523
Eosinophil (1×102/μL) 0.28 ± 0.03 0.28 ± 0.03 1.566 0.119
Basophil (1×102/μL) 0.09 ± 0.03 0.09 ± 0.03 0.129 0.897
Hemoglobin (g/L) 149.4 ± 24.8 149.8 ± 25.3 0.114 0.909
Platelet (1×103/μL) 215.8 ± 121.8 215.6 ± 120.6 0.012 0.99
Note: ESR: erythrocyte sedimentation rate.

Table 3. Comparison of serum inflammatory factors between two groups of patients before treatment
Parameters Satisfactory group (n = 116) Unsatisfactory group (n = 93) t P
IL-6 (ng/L) 28.28 ± 1.15 28.25 ± 1.12 0.22 0.826
IL-8 (μg/L) 36.51 ± 1.81 36.52 ± 1.89 0.024 0.981
TNF-α (pg/ml) 18.26 ± 1.88 18.25 ± 1.79 0.038 0.969
CRP (mg/L) 16.18 ± 3.14 15.74 ± 3.77 0.895 0.372
Note: IL: interleukin; TNF: tumor necrosis factor; CRP: C-reactive protein.

Table 4. Comparison of tumor characteristics between two groups of patients

Parameters Satisfactory 
group (n = 116)

Unsatisfactory 
group (n = 93) t/χ2 P

Tumor diameter [n (%)] 7.409 0.006
    ≤ 10 mm 68 (58.62%) 36 (38.71%)
    > 10 mm 48 (41.38%) 57 (61.29%)
Histologic risk factor for recurrence (presence/absence) 19/97 21/72 0.913 0.339
Progression (months) 12.35 ± 3.12 12.47 ± 3.20 0.283 0.777
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Multivariate logistic regression analysis of fac-
tors affecting the outcomes of plastic surgery

Multivariate logistic regression analysis identi-
fied aging signs (OR, 3.162; 95% CI, 1.507-
7.158; β = 1.151; P = 0.003), reconstruction 

method (OR, 3.579; 95% CI, 2.265-5.903; β = 
1.275; P < 0.001), tumor diameter (OR, 1.004; 
95% CI, 0.254-0.775; β = -0.808; P = 0.004), 
SF-12 scores (PCS: OR, 0.965; 95% CI, 0.94-
0.989; β = -0.036; P = 0.005; MCS: OR, 0.962; 
95% CI, 0.935-0.988; β = -0.039; P = 0.005), 

Figure 2. Comparison of SF-12 scores between two groups of patients. A: PCS; B: MCS. PCS: physical health factors; 
MCS: mental health factors; **: P < 0.01.

Figure 3. Comparison of Skindex-16 subscale 
scores between two groups of patients. Symp-
toms (A), Emotional effects (B), Functioning Score 
(C). ***: P < 0.001.
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and Skindex-16 subscales (symptoms: OR, 
2.005; 95% CI, 1.68-2.512; β = 0.696; P < 
0.001; emotional effects: OR, 1.66; 95% CI, 
1.439-2.015; β = 0.507; P < 0.001; function-
ing: OR, 6.735; 95% CI, 4.09-12.931; β = 1.907; 
P < 0.001) as significant predictors of unsatis-
factory outcomes (Table 5).

Establishment of combined predictive model

A random forest model incorporating all inde-
pendent factors showed high predictive accu-
racy (AUC = 0.984) (Figure 5A). Variable impor-
tance analysis indicated that “function”, “emo-
tional effect”, and “symptom” were the most 
influential variables (Figure 5B). The ROC curve 
demonstrated excellent discriminative ability 
(Figure 5C).

ing history (P = 0.743), history of previous non-
melanoma skin cancer (NMSC) (P = 0.891), 
anatomic location of BCC (P = 0.989), and 
treating clinician (P = 0.925). The presence of 
aging signs was more prevalent in the unsatis-
factory group compared to the satisfactory 
group (P = 0.036). The reconstruction method 
had a significant impact on the outcome, with a 
higher proportion of direct stitching and local 
skin flaps in the satisfactory group and a higher 
proportion of skin grafting in the unsatisfactory 
group (P = 0.043). Tumor diameter was also a 
significant factor, with smaller tumors (≤ 10 
mm) more frequently associated with satisfac-
tory outcomes (P = 0.003). Higher pre-opera-
tive SF-12 physical component summary (PCS) 
scores (50.21 ± 10.43 vs. 45.12 ± 11.58, P = 
0.027) and mental component summary (MCS) 

Figure 4. Univariate correlation analysis between unsatisfactory outcome and various factors of plastic surgery.

Table 5. Multivariate logistic regression analysis of factors 
affecting satisfactory outcome
Parameters Odds ratio 95% CI Beta P Value
Aging signs 3.162 1.507-7.158 1.151 0.003
Reconstruction method 3.579 2.265-5.903 1.275 < 0.001
Tumor diameter (mm) 1.004 0.254-0.775 -0.808 0.004
PCS 0.965 0.94-0.989 -0.036 0.005
MCS 0.962 0.935-0.988 -0.039 0.005
Symptoms 2.005 1.68-2.512 0.696 < 0.001
Emotional effects 1.66 1.439-2.015 0.507 < 0.001
Functioning 6.735 4.09-12.931 1.907 < 0.001
Note: PCS: Physical Health Components; MCS: Mental Health Components.

External validation of the predic-
tive model

Table 6 presents the comparison of 
parameters between the satisfac-
tory and unsatisfactory groups in 
the external validation set. There 
were no significant differences 
between the two groups in terms of 
age (P = 0.683), BMI (P = 0.657), 
education level (P = 0.952), gender 
(P = 0.996), employment (P = 
0.333), hypertension (P = 0.905), 
diabetes mellitus (P = 0.626), 
smoking history (P = 0.457), drink-
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scores (53.16 ± 9.12 vs. 47.92 ± 11.21, P = 
0.014) were observed in the satisfactory group. 
Skindex-16 subscale scores were significantly 
lower in the satisfactory group for symptoms 
(10.06 ± 5.21 vs. 14.47 ± 5.03, P < 0.001), 
emotional effects (26.23 ± 6.71 vs. 30.51 ± 
8.08, P = 0.006), and functioning (4.01 ± 1.73 
vs. 5.19 ± 2.05, P = 0.003). In this external vali-
dation dataset, these results indicate that the 
significant differences between the two groups 
in tumor diameter, PCS score, MCS score, 
symptom subscale score, emotional impact 
subscale score, and functional subscale score 
are consistent with the results of the test set.

ROC analysis of the predictive model in valida-
tion set

The external validation ROC curve provides 
additional insights into the performance of the 
predictive model (Figure 6). The AUC value of 

0.870 indicates a strong ability of the model to 
distinguish between satisfactory and unsatis-
factory outcomes in the external dataset. The 
curve itself follows a similar pattern to the inter-
nal validation curve, suggesting consistent per-
formance across different datasets. The point 
marked on the curve with coordinates (0.633, 
0.941) and its CI of 0.651 further supports the 
robustness of the model in predicting out-
comes accurately. Overall, the external valida-
tion ROC curve reinforces the reliability of the 
developed model in predicting aesthetic out-
comes following plastic surgery for facial basal 
cell carcinoma.

Discussion

In this study, we sought to construct a predic-
tive model for evaluating the effectiveness of 
plastic surgery and repair in patients with facial 
basal cell carcinoma (BCC). The findings of this 

Figure 5. Establishment of combined predic-
tive model. A: Out-of-bag error rate plot; B: 
Random forest variable importance; C: Re-
ceiver Operating Characteristic (ROC) curve. 
AUC: area under the curve.
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work contribute valuable insights into the fac-
tors influencing successful surgical outcomes 
and the overall health and quality of life of 
patients undergoing these procedures.

A significant finding in our study is the differen-
tial impact of reconstruction methods on surgi-
cal outcomes. Specifically, direct suturing and 
local skin flaps were associated with higher sat-

Table 6. Comparison of parameters between satisfactory and unsatisfactory groups in the external 
validation set
Parameters Satisfactory group (n = 51) Unsatisfactory group (n = 43) t/χ2 P
Age (years) 61.22 ± 26.78 63.51 ± 27.32 0.410 0.683
BMI (kg/m2) 24.71 ± 3.29 25.01 ± 3.11 0.445 0.657
Education Level (years) 13.35 ± 3.61 13.31 ± 2.84 0.06 0.952
Gender [n (%)] 0 0.996
    Male 32 (62.75%) 27 (62.79%)
    Female 19 (37.25%) 16 (37.21%)
Employment, work for pay [n (%)] 30 (58.82%) 21 (48.84%) 0.937 0.333
Hypertension [n (%)] 0.014 0.905
    Yes 16 (31.37%) 13 (30.23%)
    No 35 (68.63%) 30 (69.77%)
Diabetes Mellitus [n (%)] 0.237 0.626
    Yes 20 (39.22%) 19 (44.19%)
    No 31 (60.78%) 24 (55.81%)
Smoking history [n (%)] 21 (41.18%) 21 (48.84%) 0.554 0.457
Drinking history [n (%)] 22 (43.14%) 20 (46.51%) 0.107 0.743
History of previous NMSC [n (%)] 28 (54.90%) 23 (53.49%) 0.019 0.891
Aging signs [n (%)] 36 (70.59%) 38 (88.37%) 4.405 0.036
Anatomic location of BCC [n (%)] 0.022 0.989
    Forehead unit 17 (%) 12 (%)
    Nasal unit 16 (%) 13 (%)
    Eyelid units 8 (%) 7 (%)
    Cheek units 9 (%) 9 (%)
    Upper/lower lips 1 (%) 2 (%)
Reconstruction method [n (%)] 4.087 0.043
    Direct stitching 10 (19.61%) 3 (6.98%)
    Local skin flap 33 (64.71%) 18 (41.86%)
    Skin grafting 7 (13.73%) 20 (46.51%)
    Free skin flap 1 (1.96%) 2 (4.65%)
Treating clinician [n (%)] 0.898 0.925
    Attending physician 26 (51.02%) 22 (51.16%)
    Resident 16 (31.37%) 13 (30.23%)
    Nurse practitioner 9 (17.65%) 8 (18.60%)
Tumor diameter [n (%)] 14.196 0.003
    ≤ 10 mm 32 (62.75%) 18 (41.86%)
    > 10 mm 19 (37.25%) 25 (58.14%)
PCS (scores) 50.21 ± 10.43 45.12 ± 11.58 2.242 0.027
MCS (scores) 53.16 ± 9.12 47.92 ± 11.21 2.501 0.014
Symptoms (scores) 10.06 ± 5.21 14.47 ± 5.03 4.152 < 0.001
Emotional effects (scores) 26.23 ± 6.71 30.51 ± 8.08 2.804 0.006
Functioning (scores) 4.01 ± 1.73 5.19 ± 2.05 3.034 0.003
Note: BMI: body mass index; NMSC: Non-melanoma Skin Cancer; BCC: basal cell carcinoma; PCS: physical health factors; MCS: 
mental health factors.
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isfaction rates, whereas skin grafting was asso-
ciated with poorer outcomes. This discrepancy 
can be attributed to several intrinsic and extrin-
sic factors related to tissue physiology and sur-
gical technique. Direct suturing and local skin 
flaps preserve local tissue characteristics such 
as skin color, texture, and vascularization, 
which allow for better integration with the sur-
rounding facial tissue, promoting more natural 
aesthetic outcomes [21, 22]. In contrast, skin 
grafting involves transplanting skin from a dif-
ferent body region, which can lead to mis-
matched color, texture, and potential scarring - 
factors negatively impacting cosmetic satisfac-
tion [23]. Furthermore, skin grafts lack the 
original vascularization found in local flaps, 
which may contribute to suboptimal healing 
and increased complication rates, thereby 
affecting patient satisfaction [24, 25].

Another significant predictor of surgical satis-
faction was tumor diameter. Larger tumor sizes 
were correlated with poorer outcomes, high-
lighting the technical complexities and aesthet-
ic challenges posed by larger resections. 
Tumors exceeding 10 mm in diameter require 

tients in better overall health, both physically 
and mentally, have a more favorable recovery 
trajectory and less postoperative distress. 
From a physiological perspective, better physi-
cal health are associated with more efficient 
wound healing and reduced risk of postopera-
tive complications, which can significantly 
affect cosmetic outcomes [28]. Psychologically, 
a higher MCS score likely reflects better mental 
resilience and coping mechanisms, allowing 
patients to manage postoperative pain and 
stress more effectively [29, 30]. These factors 
together may contribute to patients perceiving 
their surgical outcomes more favorably [31]. 
Therefore, incorporating preoperative interven-
tions to improve both physical and mental 
health could be beneficial to enhance surgical 
satisfaction.

Skin-related quality of life, as assessed by the 
Skindex-16 subscale, emerged as another criti-
cal determinant of patient satisfaction. Lower 
scores in symptoms, emotional effects, and 
functioning subscales were strongly associated 
with satisfactory outcomes. These components 
of the Skindex-16 survey capture the direct 

Figure 6. External validation ROC curve. ROC: Receiver Operating Character-
istic; AUC: area under the curve.

more extensive tissue remov-
al, which consequently re- 
quires more complex recon-
structive techniques [26]. As 
the resected area increases, 
it becomes more challenging 
to achieve symmetrical and 
aesthetically pleasing results. 
Moreover, larger defects may 
impede the use of simpler 
repair methods like direct 
suturing, often necessitating 
skin grafts or complex flap 
techniques, which - as noted - 
are associated with higher 
dissatisfaction rates [26, 27]. 
These findings underscore the 
importance of early detection 
and prompt surgical interven-
tion in BCC to limit tumor 
growth and simplify recon-
structive efforts.

The HRQoL, as measured by 
the SF-12 survey, revealed 
that patients with higher PCS 
and MCS scores experienced 
better surgical outcomes. The- 
se findings suggest that pa- 



Plastic surgery for facial basal cell carcinoma

5809 Am J Cancer Res 2024;14(12):5798-5811

impact of skin conditions on daily life, emotion-
al wellbeing, and functional capabilities. Pa- 
tients who report fewer symptoms and emo-
tional effects are inherently more satisfied with 
their physical appearance post-surgery, as 
fewer issues translate to lesser interference 
with their quality of life [32, 33]. Also, patients 
experiencing fewer skin-related symptoms are 
likely to have less postoperative discomfort 
and better cosmetic results, as persistent 
symptoms like itching, pain, or dryness can 
detract from the aesthetic outcomes [34]. 
Emotional and functional dimensions further 
suggest that patients who perceive less impact 
on their daily lives and social interactions are 
more likely to report higher satisfaction, indi-
cating the importance of holistic patient care 
that addresses both physical and psychosocial 
needs [34].

The random forest model validated the critical 
importance of several factors, notably the 
Skindex-16 subscales and reconstruction 
method, in predicting surgical outcomes. The 
high discriminative capability of our predictive 
model, with an AUC of 0.984, underscores its 
robustness and clinical applicability in preop-
erative planning. By integrating these critical 
variables, this model can offer personalized 
predictive assessments, thereby guiding sur-
geons in making informed decisions about the 
most appropriate reconstructive approach and 
preparing patients with realistic expectations 
regarding their surgical outcomes.

From a mechanistic standpoint, the interaction 
between immunological factors and postopera-
tive recovery, although not statistically signifi-
cant in this study, remains a critical area for 
future exploration. The lack of significant differ-
ences in preoperative serum inflammatory 
markers like IL-6, IL-8, TNF-α, and CRP between 
two groups suggests that baseline systemic 
inflammation may not play a discernible role in 
predicting the immediate cosmetic outcomes 
of facial BCC surgery. However, localized inflam-
matory responses and wound microenviron-
ment dynamics post-surgery might still signifi-
cantly influence healing processes. Further 
investigations with more sensitive biomarkers 
or longitudinal post-surgical assessments 
could provide deeper insights.

Our study’s strengths lie in its comprehensive 
approach to evaluating multiple predictors of 

surgical outcome, but there are limitations that 
warrant consideration. The retrospective de- 
sign might introduce selection bias and limits 
our ability to draw causal inferences. Addi- 
tionally, while our cohort size was reasonably 
robust, larger multi-center studies are needed 
to generalize findings across diverse popula-
tions. Future research should also incorporate 
long-term follow-up data to understand the sus-
tained impact of these factors on cosmetic out-
comes and patient satisfaction.

Conclusion

In conclusion, our study confirms that recon-
struction method selection, tumor size, general 
health status, and skin-related quality of life 
significantly influence the effectiveness of plas-
tic surgery and repair in patients with facial 
BCC. These insights can aid in refining preop-
erative evaluations, optimizing surgical plan-
ning, and tailoring postoperative care to 
enhance patient satisfaction and quality of life. 
By leveraging constructed predictive models, 
clinicians can better anticipate surgical out-
comes and provide more individualized, effec-
tive patient care.
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