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Background: The macrotrabecular-massive subtype of hepatocellular carcinoma (MTM-HCC) is an aggressive histological type and
results in poor prognosis. We developed a nomogram model based on laboratory results to predict the presence of MTM-HCC.
Methods: A total of 357 HCC patients who underwent radical surgery between January 2015 and December 2020 at Ningbo Medical
Center Lihuili Hospital were grouped according to histological type. After propensity score matching (PSM), 267 patients were
divided into MTM-HCC (n = 76) and non-MTM-HCC (n = 191) groups. A LASSO regression analysis model was used to select
predictive factors. Finally, a nomogram for predicting the presence of MTM-HCC was established. Decision curve analysis (DCA) was
conducted to determine the clinical usefulness of the nomogram model by quantifying the net benefits along with the increase in
threshold probabilities.

Results: The 1-, 3-, and 5-year disease-free survival (DFS) and overall survival (OS) rates for MTM-HCC were 60.0%, 36.0%, 32.4%
and 92.1%, 68.7%, 52.2%, respectively. Survival analysis indicated that the probabilities of achieving DFS and OS were significantly
worse in the MTM-HCC group than in the non-MTM-HCC group (P < 0.05). The nomogram model that included AST levels, PT and
AFP levels achieved a better C-index of 0.723 (95% CI: 0.659-0.787). DCA revealed that the nomogram model could lead to net
benefits and exhibited a wider range of threshold probabilities in the prediction of MTM-HCC.

Conclusion: The nomogram model included AST, PT and AFP could achieve an optimal performance in the preoperative prediction
of MTM-HCC.
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Introduction

Primary liver cancer ranks as the sixth most commonly diagnosed cancer and the third leading cause of cancer-related death in
the world. Hepatocellular carcinoma (HCC) is the most common type of primary liver tumour.' The diagnosis and treatment of
HCC have greatly improved in recent years due to the advancement of diagnostic technology and therapeutic strategies. At the
pathological level, most tumours are characterized by a trabecular pattern of growth with cords of neoplastic cells that mimic
normal liver trabeculae.>* However, HCC morphology is highly heterogeneous. Some special growth patterns are associated
with aggressive features and poor prognosis. The 2019 “Digestive System Tumour Classification (Fifth Edition)” by the World
Health Organization (WHO) described a macrotrabecular pattern, which is a histological structure associated with an
especially worse prognosis.> This architecture was first reported by Calderaro, who observed cases with a strikingly
predominant (more than 50%) macrotrabecular architecture and designated these tumours “macrotrabecular-massive HCC”
(MTM-HCC) in 2017.* MTM-HCC mainly consists of neoplastic cells arranged in thick trabeculae coated by endothelial cells
and surrounded by dilated vascular spaces. Trabeculae observed in cross-sections also appear as endothelium-coated tumour
clusters. Calderaro first observed that MTM-HCC was associated with 7P53 and ATM mutations as well as FGFI19
amplifications and the activation of angiogenesis (upregulation of ANGPT2 expression and an almost significant trend
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towards VEGFA overexpression).* According to the aberrant genetic and molecular features of MTM-HCC, Ziol further
discovered that MTM-HCC was associated with higher serum o-fetoprotein (AFP) levels, poor tumour differentiation,
microvascular invasion and satellite nodules. There was a pivotal discovery that the diagnosis of MTM-HCC independently
predicted tumour recurrence and had a poor prognosis.” Subsequently, several centres conducted clinical analyses of MTM-
HCC, and all reported that this subtype exhibited aggressive clinical features and a poor prognosis.®™®

In 2019, Calderaro further discovered that ESM1 was a diagnostic marker for MTM-HCC, with both sensitivity
and specificity values of over 90%,’ but this marker could only be assessed after the tissue was surgically removed.
Mulé S suggested that preoperative MRI can help identify MTM-HCC.'® Apart from these results, there is no
evidence that other methods can help diagnose MTM-HCC, especially preoperatively. Thus, a predictive model that
incorporates factors associated with MTM-HCC based on preoperative clinical data is desirable. We identified the
clinicopathological characteristics correlated with MTM-HCC and established the first prediction model of MTM-

HCC using a nomogram.

Methods

Patients

We included HCC patients who underwent radical hepatic resection between January 2015, and December 2020 at
Ningbo Medical Center Lihuili Hospital. The exclusion criteria were as follows: (1) history of preoperative anticancer
intervention; (2) extrahepatic metastasis; (3) presence of other malignant tumours; (4) previous history of tumour
resection; and (5) incomplete clinical or follow-up data. Propensity score matching (PSM) was performed using nearest-
neighbour 1:3 matching based on age, sex and the type of anti-virus therapy. The study complied with the Declaration of
Helsinki and was approved by the ethics committee of Ningbo Medical Center Lihuili Hospital (Approval number:
KY2020PJ156). All methods were performed following the relevant guidelines and regulations. All HCC patients
provided informed consent for their data to be used for this research.

Pathological Analysis

All histological slides were reviewed independently by two experienced pathologists (C.W. and H.F.) from the Ningbo
Clinical and Pathological Diagnosis Center. All disagreements were discussed until a consensus was reached. Tumours
with a predominant (>50%) macrotrabecular architectural pattern (more than six cells thick) covered by vascular
endothelial cells and surrounded by dilated vessels were classified as the MTM subtype according to the standards
reported by Calderaro.* Moreover, the Edmonson-Steiner grade and presence of satellite nodules and tumour capsules
were also assessed and reported.

Preoperative Examination and Follow-Up

Preoperative laboratory examinations included routine blood examinations, coagulative function tests, liver and renal
function tests, immunological tests for hepatitis B and C, and measurements of serum AFP levels. The cut-off value of
the biochemical factors was set according to the Health Industry Standard of the People’s Republic of China published by
the National Health Commission of the People’s Republic of China. The cut-offs established for AFP levels were 20 and
400 ng/mL. The cut-off of 20 mg/mL was set according to the diagnostic standard, and 400 ng/mL was set according to
previous studies and our previous work.''™™* The NLR cut-off was 1.9 according to a previous study.'> Abdominal
ultrasonography (US) and contrast-enhanced CT/MRI were used to evaluate cirrhosis, tumour diameter, number of
tumours and presence of portal vein (PV) invasion. All patients were followed up by abdominal examination (US/CT/
MRI) and assessments of AFP levels after the operation at intervals of 3—6 months. Overall survival (OS) and disease-
free survival (DFS) were calculated from the date of resection to the date of patient mortality, recurrence or the last
follow-up (November 1, 2021).
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Statistical Analysis

Pearson’s chi-square test or Fisher’s exact test was used to compare the frequencies of categorical variables between
MTM-HCC and non-MTM-HCC patients. Independent #-tests were used to compare continuous variables. PSM was
used to reduce bias in baseline characteristics. A multivariable L1 least absolute shrinkage and selection operator
(LASSO)—penalized logistic regression model was used to select predictive factors. Multivariable logistic regression
analysis was performed to identify independent predictors of MTM-HCC. Subsequently, a nomogram was formulated to
predict MTM-HCC diagnosis based on the results of LASSO regression and multivariate logistic regression analysis.
Associated odds ratios (ORs) and 95% confidence intervals (Cls) were estimated. Survival curves were evaluated using
the Kaplan—-Meier method and compared by the Log rank test. P<(0.05 was considered to indicate a statistically
significant difference. All statistical analyses were performed with SPSS 25.0 (IBM Corporation, 2020, USA) and
R software, version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria, 2019).

Results

Patients

357 patients were screened in this study. A total of 80 cases of MTM-HCC were identified, representing 22.4% of the
whole cohort of 357 patients. Then, the MTM-HCC and non-MTM-HCC groups were subjected to PSM, after which 267
patients (MTM-HCC, n=76; non-MTM-HCC, n=191) were enrolled in our study. The histological patterns of non-MTM-
HCC and MTM-HCC tumours are shown in Figure 1. The baseline characteristics are shown in Table 1.

The study was censored on November 1, 2021. In total, 34.0% (n=65) of recurrences were observed in the non-MTM-
HCC group, while 60.5% (n=46) were observed in the MTM-HCC group. The cumulative incidences of tumour-related
mortality were 17.3% (n=33) and 34.2% (n=26) in the non-MTM-HCC and MTM-HCC groups, respectively. The 1-, 3-,
and 5-year DFS rates for the non-MTM-HCC and MTM-HCC groups were 84.7%, 66.0%, 55.2% and 60.0%, 36.0%,
32.4%, respectively. The corresponding 1-year, 3-year and S5-year OS rates were 95.8%, 81.7%, 73.8% and 92.1%,
68.7%, 52.2%, respectively. The presence of MTM-HCC was associated with both worse DFS (P<0.001) and OS
(P=0.019) than non-MTM-HCC in the Kaplan—Meier survival analysis (Figure 2A and B).

Figure | (A and B) MTM-HCC tumours exhibit a macrotrabecular pattern across over 50% of the area that is more than six cells thick and surrounded by vascular spaces.
((A), HEX20; (B), HEx400). (C and D) Architectural patterns of non-MTM-HCC tumour cells arranged tightly. ((C), HEx20; (D), HEx400).
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Table | Clinical and Demographic Participant Characteristics According to MTM-HCC

Subtype
Variables Cohort, No. (%) e P value
Non-MTM MTM
n=191 n=76

Sex <0.001 0.985
Male 156(81.7) 62(81.6)
Female 35(18.3) 14(18.4)

Age, meanSD, y 5949 57£10 1.232 0.219

HBeAg 0.164 0.685
Negative 42(22.0) 15(19.7)
Positive 149(78.0) 61(80.3)

Antiviral therapy 3.099 0.078
No 111(58.1) 53(69.7)
Yes 80(41.9) 23(30.3)

AFP, ng/mL 21.774 <0.001
<20 99(51.8) 19(25.0)
20~400 53(27.7) 22(28.9)
>400 39(20.4) 35(46.1)

ASTU/L 6.131 0.013
<40 122(63.9) 36(47.4)
>40 69(36.1) 40(52.6)

ALTU/L 1.090 0.297
<50 138(72.3) 50(65.8)
>50 53(27.7) 26(34.2)

ALPU/L 0.681 0.409
<125 159(83.2) 60(78.9)
>125 32(16.8) 16(21.1)

GGT,U/L 1.747 0.186
<60 95(49.7) 31(40.8)
>60 96(50.3) 45(59.2)

TB, umol/L 0.484 0.486
<23 167(87.4) 64(84.2)
>23 24(12.6) 12(15.8)

DB, umol/L 0.049 0.825
<8 158(82.7) 62(81.6)
>8 33(17.3) 14(18.4)

ALBI 3.060 0.217
<-2.60 126(66.0) 53(69.7)
—2.60~-1.39 65(34.0) 22(28.9)
>-1.39 0(0.0) 1(1.3)

WBC, x10°/L 0.731 0.392
<9.5 187(97.9) 73(%96.1)
>9.5 4(2.1) 3(3.9)

Neutrophils, x10°/L 1.000
<6.3 182(95.3) 72(94.7)
>6.3 9(4.7) 4(5.3)

Lymphocyte, x 10%/L 1.000
<32 190(99.5) 76(100.0)
>3.2 1(0.5) 0(0.0)

Monocyte, x10°/L 0.039 0.843
<0.6 170(89.0) 67(88.2)
>0.6 21(11.0) 9(11.8)

(Continued)
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Table | (Continued).

Variables Cohort, No. (%) ti? P value
Non-MTM MTM
n=191 n=76

NLR 0.024 0.878
<l.9 91(47.6) 37(48.7)
>1.9 100(52.4) 39(51.3)

Platelets, x [0°/L 0.373 0.542
<125 58(30.4) 26(34.2)
>|25 133(69.6) 50(65.8)

PT, seconds 4715 0.030
<I13.1 159(83.2) 71(934)
>13.1 32(16.8) 5(6.6)

APTT, seconds 0.520 0471
<34.0 151(79.1) 57(75.0)
>34.0 40(20.9) 19(25.0)

TT, seconds 0.742 0.389
<l6.6 120(62.8) 52(68.4)
>16.6 71(37.2) 24(31.6)

Imaging results

No. of tumors 0.517 0.472
Solitary 158(82.7) 60(78.9)
Multiple 33(17.3) 16(21.1)

Tumor diameter, cm 11.477 0.001
<5 135(70.7) 37(48.7)
>5 56(29.3) 39(51.3)

Cirrhosis 2.525 0.112
No 101(52.9) 32(42.1)
Yes 90(47.1) 44(57.9)

Tumor capsule 4.796 0.029
No 108(56.5) 54(71.1)
Yes 83(43.5) 22(28.9)

Satellite nodules 8.069 0.005
No 178(93.2) 62(81.6)
Yes 13(6.8) 14(18.4)

Edmonson-Steiner grade 12.727 <0.001
lorll 132(71.4) 36(48.0)
Il or IV 53(28.6) 39(52.0)

PV invasion 3.590 0.058
No 181(94.8) 67(88.2)
Yes 10(5.2) 9(11.8)

Abbreviations: HbeAg, hepatitis B e antigen; AFP, a-fetoprotein; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; ALP, alkaline phosphatase; GGT, y-glutamyl transpeptidase; TB, total bilirubin; DB, direct bilirubin; ALBI,
albumin-Bilirubin; WBCs, white blood cells; NLR, Neutrophils-to-Lymphocyte ratio; PT, prothrombin time; APTT, activated
partial thromboplastin time; TT, thrombin time.

Clinicopathologic Characteristics

Regarding preoperative clinical and imaging features, the MTM subtype was associated with elevated AFP levels (cut-offs
at 20 and 400 ng/mL, P<0.001), higher aspartate aminotransferase (AST) levels (>40 U/L, P=0.013), a shorter prothrombin
time (PT) (<13.1 s, P=0.030), larger tumour diameter (>5 cm, P=0.001), lack of tumour capsule (P=0.029), satellite nodules
(P=0.005) and Edmonson-Steiner grade III-1V (P<0.001). Inflammatory factors, including white blood cell (WBC) count,
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Figure 2 Kaplan—Meier survival curves of MTM-HCC and non-MTM-HCC patients. (A) Overall survival analysis. (B) Disease-free survival analysis.

neutrophils, lymphocytes, monocytes, neutrophil-to-lymphocyte ratio (NLR) and albumin-bilirubin (ALBI), showed no
differences between the two groups. Logistic regression analysis of MTM-HCC was shown in Table2.

Establishment of the Nomogram for Predicting MTM

LASSO logistic regression analysis was performed to further identify prognostic factors. Age, AST levels, NLR, PT,
AFP levels, antiviral therapy, tumour capsule, cirrhosis and tumour diameter were selected as factors, and their
performances are plotted in Figure 3A and B.

Univariate logistic analysis showed that the preoperative factors associated with MTM-HCC were a high AFP level
(for 20400 vs <20 ng/mL, OR=2.163, 95% CI: 1.076-4.349, P=0.030; for >400 vs <20 ng/mL, OR=4.676, 95% CI
2.392-9.141, P<0.001), AST levels of >40 U/L (OR=1.965, 95% CI: 1.147-3.366, P=0.014), tumour diameters of >5 cm
(OR=2.541, 95% CI: 1.470-4.392, P=0.001) and lack of tumour capsule (OR=1.886, 95% CI: 1.470-4.392, P=0.001).
Moreover, a PT of >13.1 s was a protective factor (OR=0.350, 95% CI: 0.131-0.935, P=0.036). Multivariate analysis
indicated that higher AFP levels (for 20-400 vs <20 ng/mL, OR=2.352, 95% CI: 1.145-4.833, P=0.020; for >400 vs <20
ng/mL, OR=5.019, 95% CI: 2.501-10.070, P<0.001), AST >40 U/L (OR=2.450, 95% CI: 1.355-4.429, P=0.003), and
PT >13.1 s (OR=0.224, 95% CI: 0.078-0.643, P=0.005) were optimal predictive factors for MTM-HCC diagnosis
(Table 2).

Table 2 Logistic Regression Analysis of MTM Presence Based on Preoperative Data in HCC Patients

Variable Univariate Analysis Multivariate Analysis
P value OR(95% CI) P value OR(95% CI)

AFP, ng/mL

20~400 vs <20 0.030 2.163(1.076—4.349) 0.020 2.352(1.145-4.833)

>400 vs <20 <0.001 4.676(2.392-9.141) <0.001 5.019(2.501-10.070)
Age, y 0.219 0.982(0.954-1.011)
Cirrhosis, yes vs no 0.113 1.543(0.902-2.639)
AST, >40 vs <40U/L 0.014 1.965(1.147-3.366) 0.003 2.450(1.3554.429)
PT, >13.1 vs <13.1s 0.036 0.350(0.131-0.935) 0.005 0.224(0.078-0.643)
NLR, >1.9 vs <1.9 0.878 0.959(0.878-0.959)
Antiviral therapy, yes vs no 0.080 0.602(0.341-1.062)
Tumor diameter, >5 vs <5cm 0.001 2.541(1.470—4.392)
Tumor capsule, no vs yes 0.030 1.886(1.064-3.343)

Abbreviations: AFP, a-fetoprotein; AST, aspartate aminotransferase; PT, prothrombin time; NLR, neutrophils-to-lymphocyte
ratio.
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Figure 3 Nomogram model element selection using the LASSO binary logistic regression model. (A) The LASSO coefficient profiles of the 9 features. AST levels, AFP
levels, PT and other features were selected using LASSO binary logistic regression analysis. The LASSO coefficient profiles of the features were plotted. (B) The optimum
parameter (lambda) selection in the LASSO model performed tenfold cross-validation through minimum criteria. The partial likelihood deviance (binomial deviance) curve is
presented versus its log value (lambda). Dotted vertical lines were shown at the optimum values by performing the lambda.min and the lambda.l se.

The MTM-HCC prediction model incorporated AST levels, PT and AFP levels. In the nomogram, the total factor
score ranged from 0 to 280, with the corresponding risk probabilities ranging from 0.05 to 0.70 (Figure 4A). The
nomogram achieved a high C-index of 0.723 (95% CI: 0.659-0.787) with 1000 bootstrap samples (Figure 4B).

Decision curve analysis (DCA) is a novel method for evaluating alternative prognostic strategies.'®'” DCA showed that
the nomogram model could lead to net benefits and exhibited a wider range of threshold probabilities in the prediction of
MTM-HCC diagnosis (Figure 5A). A receiver operating characteristic (ROC) curve was used to validate the performance of
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the nomogram model (Figure 5B). The area under the ROC curve (AUC) was 0.723 (95% CI: 0.659-0.787), which was
consistent with the C-index. The sensitivity and specificity were 71.1% and 60.7%, respectively.

Discussion
In this study, 80 cases of MTM-HCC were identified among 357 patients, representing 22.4% of the whole series. This
incidence rate was slightly higher than the 11.9% (62/521), 16.0% (53/331) and 17.1% (26/152) reported in previous

: 1
studies.>*10
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Although no large-scale studies have concentrated on MTM-HCC and MTM does not account for a significantly high
proportion of HCC cases, our paper and all reported articles have suggested that MTM-HCC was associated with
aggressive clinical features and had a poor prognosis. In our research, the 1-, 3-, and 5-year DFS and OS rates of MTM-
HCC patients were 60.0%, 36.0%, 32.4% and 92.1%, 68.7%, 52.2%, respectively. Both the DFS and OS rates were much
lower in MTM-HCC patients than in non-MTM-HCC patients, and the recurrence and death rates were significantly
elevated in MTM-HCC patients. These results verified the poor prognosis of MTM-HCC. We discovered that elevated
AFP levels, larger tumour diameter, lack of tumour capsule, satellite nodules, and poor differentiation were associated
with MTM-HCC, which was inconsistent with the results of a study by Ziol et al.” These results indicate that MTM-HCC
correlates directly with aggressive clinical characteristics and results in earlier recurrence and more death. The best
clinical diagnosis and treatment plan can be provided if MTM-HCC is diagnosed accurately before surgery,'® since liver
transplantation'° or RFA (radiofrequency ablation)®' is not recommended for these patients. Liu et al showed that
tumoral PD-L1 expression and inflammatory cell density were higher in the MTM-HCC than in the non-MTM-HCC.*
Lately, VETC/MTM pattern was reported to play the prometastatic role, resist tumor immunity and direct cytotoxic
effects against tumor cells, suppressing VETC/MTM pattern formation could inhibit metastasis and recurrence after
surgical resection.”” The reciprocal relationship between the antitumor immune microenvironment and the angiogenic
microenvironment may also provide mechanistic insights to the therapeutic effects of combined immunotherapy (eg, ICI
+ bevacizumab or TKI).?*** In particular, the high expression of FGF2 in addition to VEGFA and ANGPT2 observed in
VETC/MTM-positive HCC indicated that lenvatinib, which inhibits FGFR1/2/3/4 and VEGFR1/2,%> may be a rational
therapeutic strategy for these patients. So, the therapies for MTM-HCC should differ from other common types, and
individualized treatment should be provided for patients with MTM-HCC. So the prediction for MTM-HCC could not
only predict prognosis but also guide therapy. Thus, MTM-HCC deserves more attention.

Therefore, we attempted to establish a prediction model for MTM-HCC based on easily evaluable clinical factors. Based
on LASSO and multivariate logistic regression analysis, AFP levels, AST levels and PT were included in the established
nomogram prediction model. Individuals with higher total points had a greater probability of having MTM-HCC.

AFP is a readily accessible biomarker for HCC that is routinely monitored in patients under surveillance for HCC.
Elevated AFP concentration has also been reported as a risk factor for recurrence after tumour resection and
transplantation.”®>® High serum levels of AFP usually indicate a poor prognosis.>*=® Tyson et al stratified AFP levels
using thresholds of 10, 100 and 1000 ng/mL and reported that the median survival times were significantly lower among
patients with higher levels of AFP. Increased levels of AFP have been significantly associated with increased mortality.>!
As we proved in this paper, MTM was closely associated with elevated AFP levels, and the nomogram showed the
significant value of both mildly and highly elevated AFP levels in predicting MTM-HCC. Moreover, the higher the AFP
level, the stronger the predicted probability of MTM-HCC diagnosis.

The AST level is one of the independent factors associated with poor survival.*>>* It has been reported that AST
levels >118.5 U/L are significantly associated with distant metastasis of primary HCC with portal vein tumour thrombus
(PVTT).>* An AST level of >2x the upper limit of normal (ULN) is an independent indicator for poor prognosis.>> These
studies demonstrated that elevated AST levels are closely related to the prognosis of HCC and are an independent risk
factor for poor prognosis. However, the relationship between AST levels and MTM-HCC was not discussed previously,
so we attempted to explain this consequence. Mulé S reported that substantial necrosis was correlated with MTM-HCC
and could be used to help identify MTM-HCC diagnosis with a sensitivity of 65% and a specificity of 93%.'? Cannella
et al confirmed that MTM-HCC was associated with necrosis utilizing an imaging system (LI-RADS). Moreover, they
found that the levels of AST, ALT and ALB were correlated with MTM-HCC.>® The correlation between MTM-HCC and
AST levels may be due to substantial hepatocyte necrosis occurring inside the tumour, which releases AST into the
serum. Therefore, MTM-HCC patients usually exhibit increased AST levels.

Usually, patients with liver cirrhosis demonstrate a prolonged PT due to insufficient synthesis of coagulation factors
from liver damage. However, we noticed that most MTM-HCC patients had shorter PT values than non-MTM patients.
Yugawa K also reported that a shorter PT was related to a lower lymphocyte-to-C-reactive protein (CRP) ratio, which
predicted worse outcomes in patients with HCC.?” Conversely, another study indicated that a prolonged PT was an
independent predictor of survival.*® It is well known that a prolonged PT can reflect cirrhosis development, although the
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relationship between PT and HCC has not been confirmed and deserves further exploration. Interestingly, we discovered
that tumour diameter and the presence of tumour capsule and satellite nodules were correlated with MTM-HCC, which
was consistent with previous studies;>® however, these indicators did not show significance in multivariable analysis and
were not included in the nomogram model. We considered whether these indicators were applicable for predicting MTM-
HCC diagnosis was still unclear.

Papers have indicated that inflammation, especially local inflammation in the tumour microenvironment, plays a role
in carcinogenesis and tumour progression. It has been suggested that the ability of NLR to predict tumour recurrence is
probably due to the inflammatory tumour microenvironment.*® In addition, lymphocytes are important components of the
adaptive immune system that provide a cellular basis for cancer immunosurveillance and immunoediting.** To define
whether MTM-HCC correlated with inflammation, WBC and assessments of neutrophils, lymphocytes, monocytes and
NLR were included in our analysis. However, in this study, none of these factors showed a relationship with MTM-HCC,
indicating that MTM-HCC is not directly related to inflammation or, in other words, does not show deviance in clinical
inflammatory factors. However, Calderaro declared that VEGFA and ANGPT2, which are known to promote neoangio-
genesis and endothelial sprouting, accumulated in MTM-HCC. These results indicate that the poor outcome of MTM-
HCC is presumably due to structural features and angiogenesis rather than inflammation.

To the best of our knowledge, this is the first nomogram established for predicting MTM-HCC diagnosis in patients
before surgery. Our nomogram only contained three variables, since the three indicators of AFP levels, AST levels and
PT are routine examination items for HCC patients that are easy to obtain and are widely used in medical centres; thus,
this model can be widely promoted and applied. This scoring model can be used easily and quickly to predict the special
histological type of MTM-HCC. Before considering treatment options, this nomogram can be used to evaluate the
severity of HCC and select an appropriate treatment strategy.

There are some limitations in our study that should be noted. First, this was a single-centre retrospective study, and
our results need external validation. Second, a further prospective study is required to confirm the reliability and power of
the nomogram.

Conclusion

In conclusion, MTM-HCC is associated with early recurrence and poor prognosis. We are the first to establish a simple
nomogram for predicting the probability of the MTM subtype of HCC. This model containing AFP levels, AST levels
and PT has good clinical utility and can be a useful tool for preoperative evaluations and therapy selection.
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