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Macrotrabecular-massive subtype-based nomogram
to predict early recurrence of hepatocellular

carcinoma after surgery
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Objectives To analyze the predictive factors on early postoperative recurrence of hepatocellular carcinoma (HCC) and to \
establish a new nomogram to predict early postoperative recurrence of HCC.

Methods A retrospective analysis of 383 patients who had undergone curative resection between February 2012 and
September 2020 in our center was performed. The Kaplan—Meier method was used for survival curve analysis. Univariate
and multivariate Cox regression were performed to identify independent risk factors associated with early recurrence, and a
nomogram for predicting early recurrence of HCC was established.

Results A total of 152/383 patients developed recurrence after surgery, of which 83 had recurrence within 1 year. Multivariate
Cox regression analysis showed that preoperative alpha-fetoprotein level >400ng/ml (P=0.001), tumor diameter >5cm
(P=0.009) and MVI (P=0.007 and macrotrabecular-massive HCC (P=0.003) were independent risk factors for early
postoperative recurrence of HCC. The macrotrabecular-massive-based nhomogram obtained a good C-index (0.74) for
predicting early recurrence of HCC, and the area under the curve for predicting early recurrence was 0.767, which was better
than the single American Joint Committee on Cancer T stage and Barcelona Clinic Liver Cancer stage.

Conclusions The nomogram based on macrotrabecular-massive HCC can effectively predict early postoperative recurrence

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver worldwide, with approx-
imately 782000 deaths due to HCC each year, placing
it in the top four causes of cancer death worldwide [1].
Treatment options for HCC include surgical resection,
radiofrequency ablation, transcatheter arterial chemoem-
bolization (TACE) and liver transplantation, but radical
resection remains the mainstay of HCC treatment today.
However, high rates of recurrence and metastasis signif-
icantly reduce the overall survival (OS) of HCC patients
[2-4]. The 5-year recurrence rate after radical surgery for
HCC is as high as 70%, and the mortality rate is as high
as 50% [5]. Postoperative recurrence of HCC is divided
into early recurrence and late recurrence. Patients with
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early recurrence have poor and aggressive tumor biology
and a worse prognosis than patients with late recurrence
[61.
The histopathological pattern of HCC is divided into
the steatohepatitic, clear cell, macrotrabecular-massive
(MTM), scirrhous, chromophobe, fibrolamellar, neu-
trophil-rich and lymphocyte-rich HCC according to the
‘WHO Classification of Digestive System Tumours Sth
edition’ [7]. A new histological subtype, the MTM sub-
type, proposed by the French pathologist Calderaro, was
also included in the “WHO Classification of Tumours
of the Digestive System Sth edition’. MTM-HCC refers
to HCC characterized by macrotrabecular structures
accounting for more than 50% of trabeculae (trabeculae
>6 cells thick), and it accounts for approximately 10-20%
of all HCC. This type of HCC is more aggressive than
other types and is an independent risk factor for early
postoperative recurrence [8,9].

At present, many scoring systems and prediction mod-
els are available to predict the early recurrence of HCC,
for example, the American Joint Committee on Cancer
8th edition (AJCC 8th) and Barcelona Clinic Liver Cancer
(BCLC) staging systems [10]. However, these traditional
scoring criteria are only used to assess the prognosis of dif-
ferent subgroups of patients and cannot predict the prob-
ability of recurrence in specific individuals. Nomograms,
prediction charts based on multiple independent risk fac-
tors, have been used to predict the postoperative recurrence
of HCC, and their predictive performance is better than
that of traditional HCC staging [11-13]. Currently, most
of the nomograms for predicting postoperative early recur-
rence are based on clinical data such as alpha-fetoprotein
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(AFP) level, tumor size and microvascular invasion (MVI)
in patients [12,13], and few studies have analyzed the pre-
dictive value of HCC pathology, such as MTM-HCC, for
early recurrence [8,9,14,15].

Therefore, by analyzing the clinical and pathological
data of postoperative HCC patients, our study aimed
to analyze the predictive factors on early postoperative
recurrence of HCC and establish a new nomogram that
incorporated MTM-HCC to more effectively predict early
postoperative recurrence of HCC.

Patients and methods
Patients

From January 2015 to September 2020, a total of
507 patients underwent surgery in the Department of
Hepatobiliary and Pancreatic Surgery, Li Huili Hospital
of Ningbo Medical Center, China. Clinical and patholog-
ical and postoperative follow-up data, including patient
sex, age, AFP concentration, surgical condition and tumor
pathological features, were collected. HCC histopatho-
logical patterns were classified into the microtrabecular
subtype, pseudoglandular subtype macrotrabecular sub-
type, solid subtype and MTM according to the “WHO
Classification of Tumours of the Digestive System Sth
edition’. There was no significant difference in prognosis
among the first several types in the preliminary analysis,
and they were combined into a non-MTM-HCC group
for comparison with the MTM-HCC group. This study
protocol complied with the ethical standards established
by the Declaration of Helsinki in terms of patient data
confidentiality. And this study was approved by the Ethics
Committee of Ningbo Medical Centre Lihuili Hospital
(KY2020PJ200). all patients or their families signed
informed consent before the surgery.

The inclusion criteria were as follows: (1) radical resec-
tion; (2) postoperative pathologically diagnosed HCC and
(3) no other malignant diseases. The exclusion criteria
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were as follows: (1) perioperative death; (2) incomplete
clinical and pathological data or follow-up information;
(3) the follow-up time was less than 1year; (4) postoper-
ative use of tyrosine kinase receptor inhibitor and (5) sur-
gical resection for recurrent HCC. A total of 314 patients
were screened according to the inclusion and exclusion
criteria (Fig. 1). These predictive factors on early postop-
erative recurrence were analyzed and compared between
the early recurrence group and the nonrecurrence group.

Postoperative follow-up

The postoperative follow-up protocol for patients was as
follows: review at the first month after discharge, every
3 months for 2years and every 6 months after 2 years. The
follow-up included liver function, AFP concentration and
liver ultrasound. Enhanced computed tomography (CT)
or enhanced MRI of the abdomen was performed every
half year.

Survival times were calculated as follows: disease-free
survival (DFS): time of HCC resection until the detection
of tumor recurrence; OS: time of HCC resection to the date
of the patient’s death or the date of last follow-up visit.
The cutoff follow-up date for this study was September
2021. All tumor recurrences were diagnosed via CT or
MRI images. Early recurrence was defined as recurrence
within 1year after surgery.

Statistical analysis

The Kaplan—-Meier method was used to analyze the sur-
vival curve, and the log-rank test was used to compare
DFS and OS between the two groups. Univariate and mul-
tivariate Cox regression analyses were used to compare
the cumulative risks of HCC recurrence. Then, a nomo-
gram was formulated to predict early postoperative recur-
rence of HCC based on the results of the multivariate Cox
regression analysis. Nomogram performance was assessed
via internal validation and calibration curve statistics (the
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Fig. 1. Flow chart of the study population.
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concordance index was calculated to measure discrim-
ination with 1000 bootstrap samples). Decision curve
analysis (DCA) was conducted to determine the clinical
usefulness of the nomogram by quantifying the net bene-
fits along with the increase of threshold probabilities. The
predictive ability of the model, AJCC and BCLC for tumor
recurrence was compared by receiver operating character-
istic (ROC) curve analysis.

Statistical Product and Service Solutions (SPSS) 25.0
(IBM Corporation, 2020, USA) was used for the survival
analysis, Cox regression analysis and ROC analysis. Using
R version 3.6.2, the nomogram was constructed, and the
survival figures were plotted. P values are derived from
two-tailed tests. P<0.05 was considered statistically
significant.

Results
Patient characteristics

A total of 383 patients were included in this study with
a median follow-up time of 34.0 months (12-83 months).
Among them, 317 (82.8%) were male, and 66 (17.2%)
were female, with a mean age of 59.6=10.8 years. A total
of 286 (74.7%) patients had a history of hepatitis B, and
149 (38.9%) had received standardized antiviral therapy.
The preoperative AFP level of patients was 28.7 (5.0,
505.3) (ng/ml); 10 (2.6%) patients had Child-Pugh scores
of grade B and the rest had Child-Pugh scores of grade
A. Thirty-four (8.9%) patients had preoperative TACE,
and 67 (17.5%) patients had received an intraoperative
blood transfusion. In terms of tumors, most patients had
one tumor; only 69 (18.0%) patients had multiple tumors.
The tumor size was 4.9+3.1cm. A total of 210 (54.8%)
patients had no MVI; 173 (45.2%) patients had MVI; 238
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(62.1%) patients had tumors of well differentiation; 145
(37.9%) patients had tumors of poorly differentiation and
88 (23.0%) patients had MTM-HCC.

A total of 152 patients developed recurrence after sur-
gery, of which 83 (54.6%) had recurrence within 1year.
Of 152 patients, there were 131 patients developed intra-
hepatic recurrence, 7 patients with extrahepatic metasta-
sis and 14 patients with multiple metastases. The median
recurrence time was 10 months.

At 1, 3 and S years, the OS was 100, 83.9 and 60.3%
in the late recurrence group and 85.5, 24.4 and 20.9%
(P<0.001) in the early recurrence group, respectively
(Fig. 2).

Clinical and pathological factors affecting early
recurrence

Univariate Cox regression analysis showed that sex, age,
history of hepatitis B, antiviral therapy, Child grade, preop-
erative TACE, number of tumors, macrovascular invasion
and satellite nodules had no significant relationship with
early recurrence of HCC (all P>0.05, Table 1). However,
preoperative AFP level (P<0.001), intraoperative blood
transfusion (P=0.014), tumor diameter (P<0.001), MVI
(P<0.001), degree of tumor differentiation (P=0.001)
and pathological type (P<0.001) were associated with
early recurrence of HCC. Multivariate Cox regression
analysis showed that preoperative AFP level 2400 ng/ml
[hazard ratio (HR)=2.18; 95% confidence interval (CI),
1.36-3.46; P=0.001], tumor diameter >5cm (HR =1.66;
95% CI, 0.99-2.78; P=0.009), MVI (HR = 1.97; 95% CI,
1.21-3.22; P=0.007) and MTM-HCC (HR=2.04; 95%
CIL, 1.27-3.27; P=0.003) were independent risk factors
for early postoperative recurrence of HCC (Table 2).

Euly

rECuUTEnce

RO
M Yes

P<0.001

40

time (m)

Fig. 2. Kaplan—Meier estimates of overall survival (OS) for patients between the late recurrence group and early recurrence group.
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Table 1. Univariate cox regression analysis predictors early recurrence of hepatocellular carcinoma

Factor Early recurrence group (n=83) Nonrecurrence group (n=231) HR (95% Cl) P value
Sex Male:female 73:10 185:76 1.62 (0.84-3.14) 0.15
Age (years) <65:265 63:20 149:82 0.63 (0.38-1.04) 0.068
HBV Positive:negative 61:22 167:64 0.96 (0.75-1.22) 0.73
Antiviral therapy Yes:no 25:58 95:136 0.74 (0.46-1.18) 0.20
AFP (ng/ml) <400:>400 43:40 187:44 2.97 (1.93-4.56) <0.001
Child-Pugh AB 80:3 226:5 0.78 (0.44-1.38) 0.39
Preoperative TACE Yes:no 9:74 21:210 0.91 (0.64-1.28) 0.57
Blood transfusion Yes:no 21:62 30:201 1.86 (1.13-3.04) 0.014
Tumor diameter (cm) <5:25 34:49 157:74 2.64 (1.70-4.09) <0.001
Number of tumors Single:multiple 63:20 195:36 0.78 (0.61-1.01) 0.055
MVI Negative:positive 27:56 148:83 3.17 (2.00-5.02) <0.001
Tumor differentiation Well:poorly 41:42 161:70 1.46 (1.18-1.81) 0.001
Macrovascular invasion Negative:positive 79:4 2274 2.24 (0.82-6.12) 0.12
Satellite nodules Negative:positive 72:11 204:27 0.98 (0.52-1.85) 0.095
Histopathological MTM:non-MTM 37:46 33:198 3.42 (2.21-5.27) <0.001

AFP, alpha-fetoprotein; Cl, confidence interval; HBV, hepatitis B virus; HR, hazard ratio; MVI, microvascular invasion; MTM, macrotrabecular-massive; TACE,

transcatheter arterial chemoembolization.

Table 2. Multivariate cox regression analysis predictors early
recurrence of hepatocellular carcinoma

Factor B HR (95% Cl) P value
AFP >400ng/ml 0.78 2.18 (1.38-3.46) 0.001
Without blood transfusion 0.51 1.66 (0.99-2.78) 0.055
Tumor diameter >5cm 0.60 1.83 (1.16-2.87) 0.009
MVI 0.68 1.97 (1.21-3.22) 0.007
MTM-HCC 0.71 2.04 (1.27-3.27) 0.003
Well differentiation 0.045 1.05 (0.83-1.32) 0.705

AFP, alpha-fetoprotein; Cl, confidence interval; HCC, hepatocellular carci-
noma; HR, hazard ratio; MVI, microvascular invasion; MTM, macrotrabecu-
lar-massive.

Development and validation of the nomogram

According to the independent risk factors, we developed a
nomogram to predict HCC early recurrence based on the
AFP level, tumor diameter, MVI and MTM-HCC (Fig. 3a).
The concordance index was 0.74 (95% CI, 0.69-0.79)
with 1000 bootstrap samples for predicting early recur-
rence (Fig. 3b). DCA analysis revealed that the nomogram
model could augment net benefits and exhibited a wider

range of threshold probability than the AJCC T stage and
BCLC stage (Fig. 4).

ROC curve analysis was performed to compare the
predictive abilities of our nomogram and conventional
HCC staging (Fig. 5). Our nomogram [area under the
curve (AUC), 0.767; 95% CI, 0.706-0.828] had better
predictive accuracy than the BCLC (AUC, 0.618; 95%
CI, 0.543-0.693) and AJCC staging systems (AUC, 0.654;
95% CI, 0.581-0.727). The sensitivity was 68.7%, and
the specificity was 72.7%, respectively.

Discussion

Recurrence, especially early recurrence is the main prob-
lem affecting the treatment of liver cancer. However,
the definition of early recurrence is still controversial.
In previous studies, recurrence within 6 months, 1year
and 2 years after surgery has been defined as early recur-
rence respectively [11,16,17]. Hirokawa et al. [17] found
that patients with recurrence within 6 months after sur-
gery are associated with poorer survival. Liu et al. [11]
found that nearly 2/3 of patients had a postoperative
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Fig. 3. Developed prognosis nomogram model for 1-year RFS. (a) Nomogram for predicting the 1-year probability of RFS. (b) Calibration curve plots of the

nomogram. RFS, recurrence-free survival.
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Fig. 4. The decision curve analysis for the developed nomogram model.

recurrence of HCC within 1year, and early recurrence
was a risk factor for patient prognosis. It has also been
shown that recurrence within 2years after surgery is
associated with tumor MVI and the presence of satel-
lite lesions, whereas recurrence after 2 years is associated
with a background of liver disease [16]. In this study, a
total of 152 patients developed recurrence after surgery,
of which 83 (54.6%) had recurrence within 1year, the
prognosis of these patients was poor significantly than
those with recurrence of more than 1 year. Therefore, we
defined postoperative recurrence within 1year as early
recurrence.

A large number of studies have been conducted to
identify the high-risk factors affecting early postop-
erative recurrence of HCC, such as tumor size, tumor
number, tumor differentiation, MVI, AFP level and
Protein Induced by Vitamin K Absence or Antagonist
II (PIVKA-II) level [6,18,19]. However, there are few
reports on the effect of the MTM-HCC HCC patho-
logical type on early postoperative recurrence of HCC
[8,9,14,15,20], and the predictive value of the histo-
logical type has not received much attention from the

general public. MTM-HCC is more aggressive than other
types of HCC, showing more vascular invasion (includ-
ing large vessels and microvessels), low differentiation
and high proliferation, and it is an independent risk fac-
tor for early recurrence and total recurrence [8,9]. The
MTM-HCC incidence rate of approximately 7-18% has
been reported in different studies [8,9,15,21,22]. In our
study, 88 (23.0%) patients of MTM-HCC were iden-
tified among 383 patients, MTM was the independent
risk factor of early recurrence (HR =2.04). In the present
study, Ziol et al. [9] reported that MTM-HCC was iden-
tified in 16 % of 237 resected HCCs and the MTM-HCC
subtype was an independent predictor of early recur-
rence (HR =2.37). Calderaro et al. [8] found that MTM-
HCC represented 10% of the HCCs, and MTM-HCC
was significantly associated with early tumor relapse
(HR =1.70) in multivariate analysis.

Calderaro et al. [8] further found that the genotype of
MTM-HCC showed more TP53 mutations, FGF19 ampli-
fication and activation of the angiogenic pathway com-
pared to other types of HCC, and TP53 mutations were
associated with cell proliferation, epithelial-mesenchymal
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Fig. 5. ROC analysis of recurrence-free survival at 1year using the nomograms, and the MVI, tumor size, MTM, AFP and the AJCC T staging, BCLC
staging. The AUC for our model (AUC, 0.767; 95% ClI, 0.706-0.828) developed for recurrence-free survival was significantly higher than those for the
BCLC (AUC, 0.618; 95% Cl, 0.543-0.693) and AJCC staging systems (AUC, 0.654; 95% ClI, 0.581-0.727). AFP, alpha-fetoprotein; AJCC, American Joint
Committee on Cancer; AUC, area under the curve; BCLC, Barcelona Clinic Liver Cancer; Cl, confidence interval; MVI, microvascular invasion; MTM, mac-

rotrabecular-massive; ROC, receiver operating characteristic.

transition and activation of angiogenesis [8], which may
be the cause of the aggressiveness of MTM-HCC. Liu et al.
[23] found that Programmed death ligand 1 (PD-L1) and
CKLF like MARVEL transmembrane domain containing
6 (CMTMBS6) expression was significantly high in MTM-
HCC, whereas CMTM6 promoted PD-L1 expression in
tumor cells to counteract T cells [24], further leading to
immunosuppression in the tumor microenvironment, so
immunotherapy in MTM-HCC patients might achieve
better efficacy, which also needs to be verified in future
studies.

AJCC and BCLC staging are currently the most com-
monly used international staging criteria for HCC.
However, these traditional staging criteria have unsatis-
factory results in predicting postoperative recurrence, and
several studies have reported that nomograms are better
than traditional HCC staging criteria [25-27]. Cho et al.
[25] constructed a column line diagram for predicting
postoperative recurrence of HCC based on patient age,
AFP level, surgical bleeding, incisional margin status,
tumor size and satellite lesions, and Liu et al. [11] con-
structed a nomogram based on the Tumor Node Metastasis
(TNM) stage and risk score model for predicting 1-year

recurrence. Yang et al. [26] constructed a new nomogram
for predicting the recurrence of HCC after surgery based
on traditional prognostic indicators combined with vari-
ous serological indicators. However, no study has devel-
oped a nomogram based on MTM pathological type, so
the role of pathological type in predicting postoperative
recurrence has not been examined. Our study was the first
to develop a nomogram based on MTM-HCC, tumor size,
AFP level and MVI. The performance of this new MTM-
based nomogram [C-index: 0.74 (95% CI, 0.68-0.81)]
was superior to that of the AJCC and BCLC staging sys-
tems, and it was also superior to that of the nomogram
developed based on traditional prognostic indicators
such as AFP, tumor size, tumor differentiation and MVI
[25-27]. Therefore, our MTM-based nomogram can more
accurately predict the probability of early postoperative
recurrence of patients and can be used to more precisely
develop individualized follow-up and adjuvant treatment
strategies for each patient.

Of course, there are limitations to our study. First, this
was a single-center retrospective cohort, which makes it
prone to selection bias. Second, our MTM-based nomo-
gram performed internal validation solely, lacks external

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Predict early recurrence of HCC Yang et al.

or multicenter validation, and additional multicenter,
large-sample studies are needed to validate the predictive
ability of the MTM-based nomogram for clinical applica-
tion. Finally, the heterogeneity of postoperative treatment
also has an impact on HCC recurrence.

In conclusion, our study found that tumor size, AFP
level, MTM and MVI are independent risk factors affecting
the early recurrence of HCC after surgical resection, and
the proposed nomogram based on MTM can effectively
predict early postoperative recurrence of HCC, which can
aid in the formulation of appropriate follow-up and adju-
vant treatment strategies for patients after HCC surgery.
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