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Background: Teratomas are the most common germ cell tumors in children, and histologically classified as 
mature teratomas (MTs) and immature teratomas (ITs). Preoperative IT identification can affect the surgical 
approach, the type of procedure, and future possible reproductive health. However, there is no complete 
diagnostic criterion for ITs nowadays. We aimed to establish and validate a nomogram based on clinical and 
computed tomography (CT) features for preoperative prediction of ITs in children.
Methods: We retrospectively reviewed 519 teratoma patients from hospital I for training (n=364) and 
validation (n=155), and 113 patients from hospital II for external validation. Univariate and multivariate 
logistic regression analyses were performed on the training set to screen risk factors, including alpha-
fetoprotein (AFP), age, gender, tumor site, size, tumor composition, calcification and fat. Then, a nomogram 
was established based on identified risk factors and validated on the validation set. The performance of the 
nomogram was evaluated in terms of discrimination, calibration and the clinical usefulness.
Results: Multivariate logistic regression showed that tumor composition, AFP, age, calcification and fat 
were independent risk factors for preoperative prediction of IT. The area under the receiver operating 
characteristic (ROC) curves (AUCs) for the nomogram on the training set, internal and external validation 
set were 0.92 (0.88–0.96), 0.91 (0.84–0.97) and 0.92 (0.86–0.97), respectively. The model demonstrated 
sensitivity of 80%, specificity of 90% at the cut-off value of 0.262. Whatever the set, the calibration curve 
indicated good calibration. Decision curve analysis (DCA) curves demonstrated that the nomogram had 
greater net benefits than either the treat-all tactics or the treat-none tactics within a large scope of threshold.
Conclusions: The nomogram established based on clinical and CT findings had the favorable accuracy for 
the preoperative prediction of IT, and may help in clinical decision-making and risk stratification. 
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Introduction

Teratomas are derived from embryonic stem cells and 
are the most common germ cell tumors in children 
(1,2). Histologically, teratomas are classified as immature 
teratomas (ITs) or mature teratomas (MTs) based on 
the presence or absence of immature tissues within the  
tumor (3). Although both ITs and MTs are benign and have 
a good prognosis with surgery, an IT can present malignant 
behavior and metastasis when foci of malignant germ 
cell elements are present or the tumor is not completely 
resected (4), and the disease-free survival and overall 
survival of IT patients are much lower than those of MT 
patients (5,6). Hence, the preoperative work-up should 
include MT identification and IT identification as this may 
affect the surgical approach, the type of procedure, and 
future reproductive health. For example, laparoscopy and 
ovarian-sparing surgery are often performed in in cases 
of MT when compared to laparotomy, and ovariectomy 
is recommended in cases of IT (7). Unfortunately, due to 
the lack of accurate preoperative diagnosis, only 36% of 
the initial surgical procedures comply fully with surgical 
guidelines (8), and the choice of an operative technique 
(either laparoscopic or open) depends solely on a surgeon’s 
preference (9). Additionally, sufficient sampling of the 
resected specimens to identify immature tissues is the 
most important method for the diagnosis of ITs (10). 
However, the variety of tissue architecture in teratomas may 
create uncertainty in pathological diagnosis. Therefore, 
preoperative identification of MTs and ITs is helpful in 
determining treatment options and in performing tumor 
sampling.

Preoperative evaluations for teratomas include 
ultrasound, computed tomography (CT) or magnetic 
resonance imaging (MRI) and other appropriate laboratory 
examinations (6). MRI and CT are complementary to 
one another. MRI has excellent capabilities in soft tissue 
characterization and is preferred in pediatric patients to 
avoid radiation exposure. CT has the advantages of a short 
scan time, low sedation rate and malignant staging, and 
more importantly, it can detect characteristic intratumoral 
calcification. In some cases, CT can be recommended as a 
second-line imaging modality for pediatric patients.

CT or MRI can be used to easily diagnose teratomas 
based on the recognition of intratumoral fat  and 
calcification (10). However, it remains challenging to 
differentiate ITs from MTs. Previous studies have shown 
that ITs usually present as larger tumors with a dominance 
of solid components containing scattered areas of fat 

and calcification (11-13). However, the imaging features 
of MTs and ITs sometimes overlap with each other. For 
example, MTs with dominance of solid parts and ITs 
with dominance of cystic parts are occasionally seen in 
clinical work (12,14). In addition, there has been a lack 
of systematic comparison between the imaging features 
of these two types of teratomas, and the diagnostic 
performance of these features in the identification of MTs 
and ITs remains unclear. Additionally, few studies have 
been conducted on the imaging features of ITs. Most 
of them are devoted to adult ovarian ITs, and few are 
concerned with ITs in children. It has been reported that 
ITs in children present different biological behaviors when 
compared with ITs in adult (15). Hence, a systematic study 
should be conducted on these imaging findings to expound 
their diagnostic value in distinguishing ITs from MTs in 
children.

There is no complete diagnostic criterion for ITs (16). 
Herein, this study was designed to establish and validate 
a diagnostic nomogram based on clinical and CT features 
for the preoperative prediction of ITs in children.

Methods

Study design and patients

We conducted a multicenter retrospective diagnostic study 
that involved 786 children with pathologically confirmed 
teratomas from two independent institutions (Institution 
I: Zhejiang University Children’s Hospital, Hangzhou, 
China; and Institution II: Anhui Provincial Children’s 
Hospital, Hefei, China). The eligibility of these patients 
was assessed based on the inclusion and exclusion criteria, 
and 632 patients were finally included. The 519 patients 
from Institution I, from January 2013 to October 2022, 
were randomly allocated to the training set (n=364) and 
the internal validation set (n=155) at a 7:3 ratio, with a seed 
of 78. The 113 patients at Institution II from February 
2017 to October 2022 constituted an independent external 
validation set. The purpose of dividing the data into three 
sets was to better evaluate and optimize the performance 
of the model. The training set is responsible for training 
the model, the independent validation set is responsible for 
verifying whether the model is overfitting, and the external 
set is used to test performance. The research flow chart is 
shown in Figure 1. This retrospective research was approved 
by the ethics committees of Zhejiang University Children’s 
Hospital and Anhui Provincial Children’s Hospital. The 
requirement for informed consent was waived due to its 
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Patients with pathological diagnosis of MT 
or IT from two independent institutions

n=786

Patients excluded (n=154)
• Incomplete clinical data (n=74)
• Intracranial teratoma (n=21)
• Preoperative anticancer (n=27)
• Insufficient CT quality (n=32)

Assessed for enrolled 
n=632

Training set (n=364) 70% 
randomly selected 

MT =299
IT =65

Internal validation set (n=155) 
30% randomly selected 

MT =128
IT =27

Model establishment

Model validation

Results 
The nomogram model is well 

established and validated

Conclusions 
Incorporating age, AFP, tumor composition, calcification and fat, the 

nomogram has the favorable accuracy for preoperative prediction of IT

Univariate logistic regression

ROC

Multivariate logistic regression

Calibration curve

Nomogram

DCA

External validation set 
(n=113) 
MT =89
IT =24

Figure 1 Flow diagram of study design. MT, mature teratoma; IT, immature teratoma; CT, computed tomography; ROC, receiver operating 
characteristic; DCA, decision curve analysis; AFP, alpha-fetoprotein.

retrospective nature of the study. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

The following were the criteria for inclusion: (I) 
pathologically diagnosed with MT or IT; (II) having 
received CT scan within 1 month before surgery. The 

exclusion criteria were (I) incomplete data on clinical 
features or laboratory tests, (II) preoperative antitumor 
therapy, (III) intracranial teratoma, and (IV) insufficient CT 
image quality. According to the exclusion criteria, patients 
who had missing values for clinical features or laboratory 
tests were excluded.
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Outcome measure

The outcome of interest was IT, defined as the presence of 
immature tissues within the tumor histologically (3). IT was 
confirmed by two pathologists who had 12 and 26 years of 
experience in pediatric pathology.

Clinical data extraction

Baseline clinical data were extracted from the patients’ 
medical records, including gender, age, preoperative serum 
AFP level and pathological results. Positive for serum AFP 
was defined as a serum AFP level above the age-related 
upper limit of normal that has been published (17).

CT examination and feature extraction

CT scans were performed at Institution I using 64-row 
and 16-row CT scanners, and a 64-row CT scanner 
was used at Institution II. The position of examination 
depended on the primary site, including the head and 
neck regions, chest, and abdominal and pelvic cavities. 
The level of total dose length product (DLP) was adjusted 
with the Chinese diagnostic reference levels in pediatric 
CT (18). The same imaging parameters were used at the 
two institutions: reconstruction using 5 mm thickness 
slices, 350–400 mm FOV, and 120-kV tube potential with 
automatic tube current modulation.

All images were interpreted by two pediatric radiologists 
independently (reader 1: 10 years of experience in pediatric 
radiology; reader 2: 20 years of experience in pediatric 
radiology). Disagreements were settled by consultation with 

a third radiologist (reader 3: having 25 years of experience 
in pediatric radiology). The three radiologists were blinded 
to the pathology results.

The following CT findings were analyzed: tumor site 
(gonadal or extragonadal), size, tumor composition (≥50% 
solid or <50% solid), calcification (nonpleomorphic, 
pleomorphic, or not visible), and fat (non-scattered, 
scattered, and not visible). Tumor size was represented 
by the maximum tumor diameter on axial, coronary or 
sagittal views. The solid component ratio of the tumor 
was ≥50% if the ratio of the area of solid components over 
the maximum cross-section of the tumor to the entire 
tumor area was greater than or equal to 50%. Pleomorphic 
calcification was defined as scattered calcification with 
varying size, morphology and density (Figure 2A). Scattered 
fat was defined as small foci of fat in a scattered distribution  
(Figure 2B). The intraclass correlation coefficient (ICC) 
was used to assess the interobserver reliability in the 
interpretation of CT findings.

Risk factor screening and nomogram model building

Univariate logistic regression analysis was performed on the 
training set to screen candidate IT-related clinical and CT 
features, and the screening criterion was a P value <0.05. 
Then, multivariable logistic backward stepwise regression 
analysis was performed to further screen out the significant 
risk factors for IT on the criterion of a P value <0.05. The 
best diagnostic model was chosen based on the lowest 
Akaike’s information criterion (AIC). A nomogram was 
finally established based on the strength of the results of 
multivariate logistic regression analysis.

BA

Figure 2 Representative intratumor calcifications and fat. (A) A patient with IT showed intratumor pleomorphic calcifications (arrows) 
which varied in size, shape and density. (B) Another patient with IT showed ill-defined, scattered fat in the tumor (arrowheads). IT, 
immature teratoma. 
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Evaluation of the screened risk factors

The chi-square statistic (χ2) and degree of freedom (df) 
of the risk factors involved in the nomogram model were 
calculated, and then the importance evaluation chart was 
drawn for the risk factors.

Assessment of nomogram performance

The performance of the nomogram model was assessed by 
discrimination, calibration, and clinical usefulness (19). The 
model’s discrimination was assessed using the area under 
the curve (AUC). AUCs and their 95% confidence interval 
(CI) were calculated. Calibration was assessed using the 
Hosmer-Lemeshow test and calibration curves. Decision 
curve analysis (DCA) curves were employed to assess the 
model’s clinical usefulness.

Validation of the nomogram model

The discrimination, calibration, and clinical usefulness 
of the model were validated on the internal and external 
validation sets using the same method.

Statistical analysis

Statistical analyses were performed using R (ver. 4.1.3), 
to establish and validate the nomogram. All statistical 
tests were two-sided, and a P value <0.05 was considered 
statistically significant. Continuous variables and categorical 
variables were expressed as medians (quartiles) and 
percentages. Intergroup differences between MT and IT 
were analyzed for these two types of variables using the 
Wilcoxon test and Fisher’s exact test, respectively. Optimal 
binning was performed for continuous variables to find 
high risk cutoffs using the “smbinning” package (20). 
Interobserver consistency was assessed using the “psych” 
package. The nomogram model was established, and the 
calibration curve was plotted using the “rms” package. 
The importance plot for risk factors was drawn using the 
“ggplot2” package. The receiver operating characteristic 
(ROC) curve was plotted using the “pROC” package. The 
DCA curve was plotted using the “ggDCA” package.

Results

Clinical characteristics of patients

Among 786 patients, 632 patients conformed to the 

inclusion criteria and were included. The training 
set and the internal validation set included 364 (MT, 
82.1%; IT, 17.9%) and 155 patients (MT, 82.6%; IT, 
17.4%), respectively. The external validation set included  
113 patients (MT, 78.8%; IT, 21.2%). Based on the 
optimal binning method, the cutoffs for age were 2.47 and  
6.57 months, and the cutoff for maximum tumor diameter 
was 106.1 mm. The clinical and CT features of the patients 
are detailed in Table 1. Both observers had high reliability in 
interpreting all of the CT findings (Table 2).

Screening risk factors for the nomogram model

The univariate logistic regression analysis showed that 
age, AFP, site, size, tumor composition, calcification and 
fat were potential predictors of IT (P<0.05). All of the 
above candidate variables were subsequently included in 
the multivariate logistic regression analysis. Finally, five 
variables were included in the nomogram, namely, age 
[2.47–6.57 months, odds ratio (OR) =4.42], AFP (positive, 
OR =3.25), tumor composition (≥50% solid, OR =8.23), 
calcification (pleomorphic, OR =4.41), and fat (scattered, 
OR =1.84; not visible, OR =3.11) (Figure 3). The model 
with the lowest AIC value (value =202) was finally chosen.

Evaluation of the screened risk factors

The relative importance of the five variables is shown in 
Figure 4. Among them, tumor composition was the most 
important risk factor (χ2-df =24.92), followed by serum AFP 
level (7.54) and age (6.44).

Construction and assessment of the nomogram model

Based on the results of the multivariate logistic regression, 
a nomogram incorporating the five significant risk factors 
was developed for predicting IT (Figure 5). The AUC of 
the nomogram was 0.92 (95% CI: 0.88–0.96) in the training 
set, with a sensitivity of 80% and specificity of 90% at the 
cutoff value of 0.262 (Figure 6). The calibration curve of 
the nomogram indicated good agreement between the 
predictive probability of the nomogram and the actual 
probability (Figure 7). The Hosmer-Lemeshow test was not 
significant (P=0.98), indicating a good fitting model. The 
DCA curves of the nomogram showed that if the threshold 
probability was 0.02–0.91, using this nomogram to identify 
IT could have a greater net benefit than either the treat-
all tactic or the treat-none tactic. The net benefit of the 
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Table 1 Clinical and CT characteristics of patients in the included patients

Characteristics
Training set (N=364) Internal validation set (N=155) External validation set (N=113)

MT (n=299) IT (n=65) P value MT (n=128) IT (n=27) P value MT (n=89) IT (n=24) P value

AFP, ng/mL <0.001 <0.001 <0.001

Median (IQR) 2.2  
(1.1–30.8)

474  
(38.7–12,100)

2.1  
(1.1–16.9)

120  
(57.6–12,800)

2.2  
(1.5–42)

289  
(64.5–4,280)

Negative 281 (94.0) 36 (55.4) 120 (93.8) 12 (44.4) 84 (94.4) 13 (54.2)

Positive 18 (6.0) 29 (44.6) 8(6.3) 15 (55.6) 5 (5.6) 11 (45.8)

Age, months <0.001 0.019 0.052

Median (IQR) 36.0  
(7.15–104)

5.40  
(2.00–12.0)

41.5  
(9.00–106)

5.27  
(2.70–79.0)

63.8  
(13.5–105)

5.75  
(1.63–107)

≥6.57 229 (76.6) 25 (38.5) 104 (81.3) 12 (44.4) 76 (85.4) 11 (45.8)

2.47–6.57 22 (7.4) 23 (35.4) 6 (4.7) 8 (29.6) 7(7.9) 4 (16.7)

≤2.47 48 (16.1) 17 (26.2) 18 (14.1) 7 (25.9) 6 (6.7) 9 (37.5)

Gender 0.07 0.810 0.090

Female 221 (73.9) 35(53.8) 110 (85.9) 20(74.1) 74 (83.1) 16 (66.7)

Male 78 (26.1) 30 (46.2) 18 (14.1) 7 (25.9) 15 (16.9) 8 (33.3)

Size, mm <0.001 <0.001 0.003

Median (IQR) 67.8  
(42.0–98.9)

103  
(66.7–141)

64.9  
(38.9–98.5)

120  
(77.2–165)

70.8  
(47.5–102)

117  
(74.5–152)

≤106.1 231 (77.3) 34 (52.3) 102 (79.7) 11 (40.7) 60 (67.4) 10 (41.7)

>106.1 68 (22.7) 31 (47.7) 26 (20.3) 16 (59.3) 29 (32.6) 14 (58.3)

Site <0.001 0.508 0.006

Extragonadal 132 (44.1) 42 (64.6) 47 (36.7) 16 (59.3) 34 (38.2) 17 (70.8)

Gonadal 167 (55.9) 23(35.4) 81 (63.3) 11 (40.7) 55 (61.8) 7 (29.2)

Fat <0.001 <0.001 <0.001

Non-scattered 203 (67.9) 10 (15.4) 92 (71.9) 5 (18.5) 66 (74.2) 1 (4.2)

Not visible 52 (17.4) 20 (30.8) 23 (18.0) 9 (23.3) 10 (11.2) 7 (29.2)

Scattered 44 (14.7) 35 (53.8) 13 (10.2) 13 (48.1) 13 (14.6) 16 (66.7)

Tumor composition <0.001 <0.001 <0.001

Solid <50% 266 (89.0) 15 (23.1) 110 (85.9) 7 (25.9) 76 (85.4) 5 (20.8)

Solid ≥50% 33 (11.0) 50 (76.9) 18 (14.1) 20 (74.1) 13 (14.6) 19 (79.2)

Calcification <0.001 <0.001 <0.001

Non-pleomorphic 177 (59.2) 6 (9.2) 65 (50.8) 3 (11.1) 51 (57.3) 3 (12.5)

Pleomorphic 78 (26.1) 50 (76.9) 38 (29.7) 22 (81.5) 32 (36.0) 21 (87.5)

Not visible 44 (14.7) 9 (13.8) 25 (19.5) 2 (7.4) 6 (6.7) 0 (0.0)

Categorical and continuous variables are presented as frequency (percent) or median (IQR). Group differences in categorical and 
continuous variables are analyzed using Chi-squared test or Wilcoxon test as appropriate. CT, computed tomography; IQR, interquartile 
range; MT, mature teratoma; IT, immature teratoma; AFP, alpha-fetoprotein.



Quantitative Imaging in Medicine and Surgery, Vol 13, No 12 December 2023 8073

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(12):8067-8078 | https://dx.doi.org/10.21037/qims-23-600

nomogram was 11% in the training set at the threshold 
probability of 0.262 (Figure 8).

Validation of the nomogram model

The nomogram had satisfactory AUCs in both internal 
and external validation sets, with values of 0.91 (95% CI:  
0.84–0.97) and 0.92 (95% CI: 0.86–0.97) (Figure 6), 
respectively. Likewise, the nomogram also had good 
calibration in the two validation sets (Figure 7) and was 

further supported by the nonsignificant result of the 
Hosmer-Lemeshow test (P=0.91 and 0.53, respectively). 
DCA curves showed good net benefits in the two sets at 

Figure 3 Univariate and multivariate analysis of clinical and CT features for predicting mature and IT. OR, odds ratio; CI, confidence 
interval; AFP, alpha-fetoprotein; Ref, reference; CT, computed tomography; IT, immature teratoma.

Table 2 Assessment of inter-observer reliability

Parameter ICC value* (95% CI) P value

Tumor composition 0.90 (0.82–0.94) <0.001

Calcification 0.87 (0.77–0.93) <0.001

Fat 0.86 (0.75–0.92) <0.001

Size 0.96 (0.92–0.98) <0.001

*, agreement for the ICC values was defined as follows: 0.00–
0.20, slight agreement; 0.21–0.40, fair agreement; 0.41–0.60, 
moderate agreement; 0.61–0.80, substantial agreement; and 
0.81–1.00, excellent agreement. ICC, intraclass correlation 
coefficient; CI, confidence interval.

Tumor composition 

AFP 

Age 

Calcification 

Fat

0 5 10 15 20 25
χ2-df

25

8

6

6

3

Figure 4 The relative importance of variables included in the 
nomogram model for the prediction of IT. The importance is 
measured as chi-square statistic (χ2) minus the predictor degrees of 
freedom (df). AFP, alpha-fetoprotein; IT, immature teratoma. 

Univariable analysis Multivariable analysis

OR (95% CI) OR (95% CI)
Parameter

P value P value

0.20 1.0
Mature teratoma

Univariable
Multivariable

Immature teratoma
4.0 16.0 64.0
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Figure 5 The dynamic nomogram integrated age, AFP, tumor composition, calcification and fat to predict IT. The value of each of risk 
factors was given a score on the points scale axis. A total score could be easily calculated by adding each single score and the total point score 
is projected on the bottom scales to judge the probability of IT in an individual. Significances codes: ***, P value ≤0.001; **, 0.001< P value 
≤0.01; *, 0.01< P value ≤0.05. AFP, alpha-fetoprotein; IT, immature teratoma.
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Figure 6 The ROC curves of the nomogram in the training (A), internal validation (B) and external sets (C), respectively. ROC, receiver 
operating characteristic; AUC, area under the ROC curve; CI, confidence interval.

threshold probabilities of 0.01–0.96 and 0.02–0.78. At the 
threshold probability of 0.262, the net benefit was 10.6% 
and 14% in the two sets, respectively (Figure 8).

Discussion

A nomogram for predicting IT was established and 

validated in 653 teratoma cases from a multicenter database. 
The model, which had five independent risk factors for 
IT, was suitable for predicting the risk of IT in individual 
patients. These risk factors were ranked in descending 
order of importance as follows: tumor composition, AFP, 
age, calcification and fat. This model showed excellent 
performance in the training set, internal validation set, 
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Figure 7 Calibration curves for the nomogram in the training (A), internal (B), and external validation (C) sets. Calibration curves indicate 
the goodness-of-fit of the nomogram.
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Figure 8 Decision curve analysis curves for the nomogram. At a threshold probability of >2% and <91% in the training set (A), >1% and 
<96% in the internal validation set (B), and >2% and <78% in the external validation set (C), the nomogram in the current study to predict 
IT risk could add more benefit. IT, immature teratoma.

and external validation set. DCA curves suggested that the 
nomogram was a reliable tool for aiding treatment decision-
making.

Imaging plays vital roles in the preoperative evaluation 
and postoperative follow-up of teratomas. On CT, an 
IT usually presents as a large irregular solid component 
containing coarse calcifications and small foci of fat, which is 
considered a useful feature for differentiating between MTs 
and ITs (11,14). Similarly, we found that tumor composition 
was the most important variable in the nomogram, and 
dominance of solid components had the highest risk score 
in the nomogram model, which may be related to its 
pathological composition. The solid components, which 
may be completely solid or mixed with cystic components 
on CT and MR, often represent immature tissues (16,21). 

Liu et al. reported that the presence of a solid portion 
with marked enhancement or the thick wall of the tumor 
indicates a malignant element (22). It was once believed 
that MTs and ITs were differentiated from each other by 
the distribution pattern of intratumoral fat. The fat within 
IT lesions is generally smaller and scattered and distributed 
amidst solid components, while the fat within MT lesions 
is largely spherical in shape and located on the periphery 
or in the center (23). Our study results were in agreement 
with the above, confirming that the scattered distribution 
of intratumoral fat was an independent risk factor for ITs. 
We also found that an absence of intratumoral fat was 
another important CT finding that differentiated ITs from 
MTs. In addition, the risk score of absence of fat was higher 
than that of the scattered distribution in the nomogram. 
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According to another study, 6–7% of MT lesions did not 
contain fat (24), although the absence of fat in ITs has not 
yet been reported. We hypothesized that the pattern of 
intratumoral fat in ITs may be related to whether immature 
mesenchyme differentiated into adipocytes and the degree 
of differentiation. ITs contain abundant areas of immature 
mesenchyme that can differentiate into adipose tissue (25). 
On CT, intratumoral calcification was another important 
feature differentiating ITs from MTs (13) since it is more 
random or dispersed distributed and coarser in ITs when 
compared to the focally distributed pattern found in MTs 
(11,16). In the present study, pleomorphic calcification, 
defined as scattered calcification with varying size, 
morphology and density, was identified as an independent 
risk factor for ITs. This type of calcification may be 
attributed to fragments of calcified cartilage or bone (21).

Clinical features are indispensable for the identification 
of ITs. Both ITs and MTs can cause a mild increase in 
serum AFP levels. However, due to the low sensitivity of 
AFP, AFP alone is insufficient for the differential diagnosis 
between MT and IT (26). This problem can be resolved by 
combining the AFP level with imaging and other clinical 
features (27). In this study, the AFP level and proportion 
of AFP-positive patients in the IT group were higher 
than those in the MT group. The presence of immature 
endodermal elements has been reported to be the cause 
of elevated AFP levels (28). However, AFP levels higher 
than 1,000 ng/mL were more likely to indicate malignant 
elements within the tumor (29). Loh et al. recommend 
using age-related tables to determine whether serum AFP 
levels are elevated due to a broad range of AFP values 
in infants below the age of 1 year (26). Terenziani et al. 
reported a younger median age in children with ITs than in 
those with MTs (7 vs. 55 months), which is a useful feature 
for differentiating between the two types (1). We reported a 
similar finding, where the median age differed significantly 
between children with IT and MT (5.49 vs. 43 months, 
P<0.001). In the nomogram established in this study, age 
was the third most important predictor. In addition, the risk 
score of the age group of 2.47 to 6.57 months was higher 
than that of the other two age groups.

We developed a prediction model based on readily 
accessible and noninvasive factors and displayed it with 
a nomogram. As a type of clinical prediction model, 
nomograms transform complex regression equations 
into a visual graph, making clinical predictive models 
easy to use and understand (30,31). Using the dynamic 
nomogram by inputting the clinical and CT features can 

quickly determine the possibility of IT. This nomogram 
showed satisfactory discrimination in predicting IT in the 
training set (AUC =0.92), internal validation set (AUC 
=0.91) and external validation set (AUC =0.92) with good 
calibration and favorable clinical usefulness. The fact that 
the performance of the nomogram had been validated on an 
independent and external validation set suggests its bright 
prospects in clinical practice and supports its use in clinical 
referral across hospitals. We believe that the nomogram 
can assist radiologists and oncologists in making more 
accurate teratoma classification and treatment decisions, 
thus reducing unnecessary invasive surgeries for pediatric 
patients.

However, the present study had certain limitations. First, 
we excluded patients who had not received preoperative 
CT scans or those with poor-quality CT images, resulting 
in potential selection bias. To mitigate this problem, we 
validated the nomogram on an external validation set, and 
the nomogram demonstrated good predictive performance. 
Second, CT findings of MT and IT were subjectively, but 
independently, interpreted by two radiologists who had rich 
experience in pediatric radiology; the ICC was above 0.85, 
indicating good repeatability and reliability. Finally, we only 
differentiated between MT and IT due to limitations of the 
data and did not differentiate between either of the two and 
malignant mixed teratomas. In the future, we will collect 
more data to build a predictive model for malignant mixed 
teratomas.

Conclusions

A nomogram for the differentiation between MT and IT 
was established and validated. This nomogram involved 
five variables, namely, age, AFP, tumor composition, fat, 
and calcification and was proven to have favorable accuracy 
for the preoperative prediction of IT. As an easy-to-use 
and noninvasive tool, this nomogram may help in clinical 
decision-making and risk stratification.
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