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Abstract

Objective We sought to develop a nomogram for the prediction of tumor recurrence after resection of hepatocellular carci-
noma (HCC) within the Milan criteria.

Method Consecutive HCC patients admitted for hepatectomy between 1994 and 2014 were enrolled in this study. Patients
were excluded if they had recurrent HCC or tumors beyond the Milan criteria. Patients were randomized and assigned to the
derivation and validation sets in a 1:1 ratio. Independent factors for disease-free survival were identified using the Cox regres-
sion model. A nomogram was derived and validated with the receiver-operating characteristic (ROC) and calibration curves.
Results There were 617 eligible patients included in the analysis. The median age was 59 years, 481 were male, and 87.8%
of the patients were hepatitis B virus carriers. The median follow-up was 68.7 months. The 5-year overall survival rate was
73.3% and HCC recurrence was detected in 55% of the patients. In the derivation set, a nomogram was constructed based on
the seven independent factors for disease-free survival: age, alpha-fetoprotein, preoperative prothrombin time, magnitude of
hepatectomy, postoperative complication, number of tumor nodules, and presence of microvascular invasion. A satisfactory
discrimination ability was observed in both the derivation and validation sets (c-stat 0.672 and 0.665, respectively). The
calibration plot yielded agreement between the predicted and observed outcomes, using the derived nomogram.
Conclusion A validated nomogram quantifies the risk of recurrence after hepatectomy for HCC within the Milan criteria,
and assists with the planning of individual postoperative surveillance protocols.
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Introduction

Hepatocellular carcinoma (HCC) is a prevalent and lethal
malignancy, accounting for about one million deaths world-
wide each year [1]. Only 20-37% of HCCs are amendable
to hepatectomy [2, 3] despite improved HCC screening
protocols in the predisposed populations [4]. Guidelines
recommend hepatectomy as the first-line surgical treat-
ment for early HCC [5, 6]. For the fortunate minority with
resectable disease, a 5-year overall survival rate of 60-70%
is commonly achievable; however, the HCC recurrence
rate is equally high, at about 50% 5 years after surgery [7,
8]. Vigorous biochemical and radiological surveillance in
terms of contrasted computed tomography (CT) is essential
to detect early recurrence so that repeat resection or sal-
vage liver transplantation may be possible. However, “over-
screening” of low-risk patients not only dissipates limited
medical resources, but unnecessary exposure to radiation
poses potential carcinogenic risks [9]. To streamline the
surveillance protocol, there is a need to stratify the risks of
recurrence in post-hepatectomy HCC patients.

Only a few scoring systems have been proposed for the
prediction of post-hepatectomy HCC recurrence, most of
which are not validated and lack discriminatory power
[10-12]. To our knowledge, this is the first study to derive
a validated prognostic nomogram for disease-free survival
after curative resection of HCC within the Milan criteria,
which in turn can serve as a reference for the individualiza-
tion of post-resection surveillance protocols.

Method
Patient selection

Data on consecutive patients admitted to our center for treat-
ment of HCC between 1994 and 2014 were extracted from a
prospectively maintained database. All adult patients (aged
18 years or older) with a pathological diagnosis of HCC
within the Milan criteria were recruited. Patients with one or
more of the following conditions were excluded: uncertain
diagnosis, positive margin status, mixed cholangiohepato-
cellular carcinoma, recurrent HCC after curative treatment
(tumor ablation, resection or liver transplantation), preopera-
tive portal vein embolization, or Associating Liver Partition
and Portal vein Ligation for Staged hepatectomy (ALPPS).
We reviewed the medical records of all the eligible patients.
Demographic characteristics, preoperative investigational
details, intraoperative data and postoperative outcomes were
extracted for analysis.
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Preoperative assessment

HCC was diagnosed when two contrasted cross-sectional
imaging results showed an arterially enhancing lesion, 1 cm
or larger in diameter, with portal venous washout. One set
of typical imaging was sufficient for patients with cirrhosis.
An elevated alpha-fetoprotein (AFP) level was not a pre-
requisite for HCC diagnosis. Antiviral treatment (Entecavir)
was given to patients with hepatitis B virus, once a working
diagnosis of HCC was made. In the preoperative assessment,
complete blood count, liver renal function and clotting pro-
file were checked, to establish the baseline hepatic function.
All patients scheduled to undergo hepatectomy had an indo-
cyanine green (ICG) clearance test [4, 13] done with pulse
spectrophotometry. Adequate liver function was defined as
ICG retention of less than 20% [14, 15]. Volumetric assess-
ment was performed before major hepatectomy (resection
of more than three Couinaud segments). For patients with a
non-cirrhotic liver, hepatectomy was contraindicated if the
future liver remnant was less than 30% (by the HKU for-
mula) of the estimated standard liver volume [2, 16].

Surgical technique and postoperative surveillance

Our surgical techniques were described previously [17].
Briefly, most major hepatectomies were performed via a
right subcostal incision with a midline sternal extension.
Other incisions, such as bilateral subcostal incisions, a Mer-
cedes incision, or a midline incision were used sometimes,
depending on the location and size of the tumor. Intraop-
erative ultrasonography was performed for topographic
screening of the tumor and mapping of the transection line.
After hilar dissection and individual ligation of the ipsilat-
eral hepatic artery and portal vein, transection was carried
out using a Cavitron ultrasonic surgical aspirator (CUSA)
along the line of demarcation. Whether the anterior or con-
ventional approach was used was at the operating surgeon’s
discretion [18]. Transection was concluded by division of
the hepatic vein and bile duct using a stapling device. The
cystic duct was cannulated and bile leak was checked by a
methylene blue injection.

After discharge, the patients were followed up every
3 months in the first 2 years and 6 monthly thereafter. The
AFP level was checked before every follow-up visit. Con-
trasted imaging was done 3 months after surgery and then
6 monthly thereafter. Disease recurrence was defined by
radiological evidence of intrahepatic or extrahepatic tumors.

Statistical methods

This was a retrospective analysis of prospectively collected data
on consecutive patients who underwent hepatectomy for HCC at
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our center. The study period was from 1994 to 2014 and patients
with recurrent HCC or HCC beyond the Milan criteria [19] were
excluded. Eligible patients were allocated randomly to the deri-
vation and validation groups in a 1:1 ratio [20]. In the derivation
group, univariate analysis was performed and factors with a P
value of less than 0.1 were selected for multivariate analysis. The
Cox regression model using the forward condition method was
applied. Independent factors associated with HCC recurrence
were hence identified. P values of 0.05 or below were consid-
ered significant. A predictive nomogram was constructed using
the R software, version 3.4.1. Discrimination of the derived
nomogram was assessed by the receiver-operating characteris-
tic curve with respect to the presence of HCC recurrence upon
follow-up. A calibration plot was used to assess the discrepancy
between the nomogram-predicted probability and the genuine
recurrence rate. Nomogram discrimination and calibration were
repeated using validation set data. An area under the curve value
of over 0.6 was considered satisfactory prediction. Disease-free

survival of the patients was analyzed using the Kaplan—-Meier
curve. Statistical calculation was performed using SPSS 24.0.

Results
Characteristics of the whole study population

A total of 617 patients were recruited. The median age was
59 years and most (78%) were male. Hepatitis B surface
antigen was detected in 87.8% of the patients and comorbid-
ity (defined as any chronic medical illness) was present in
46.4%. The median AFP level was 38. Most patients had rel-
atively preserved liver function, as reflected by a low Child
score, ICG retention rate at 15 min, and albumin-bilirubin
index. The median tumor size, number of tumor nodules,
and resection margin width were 3 cm, 1 cm, and 1 cm,
respectively. Major resection was required in 28.4% of the

Table 1 Characteristics of the patients overall, and those in the derivation and validation groups

Parameters Overall (IQR)? Derivation group (IQR) Validation group (IQR) P value
Patients (n) 617 291 326

Age (year) 59 (15) 58 (14) 59 (16) 0.257
Sex (male%) 78 76.2 79.5 0.332
HBV carrier (%) 87.8 87.6 88.1 0.902
Comorbidity (%) 46.4% 44.8 47.7 0.518
Hemoglobin (g/dl) 14.2 (2.0) 14.1 (2) 14.3 (1.9) 0.157
White cell count (x 10°) 5.3(1.9) 5.1(1.8) 5.3(2) 0.036
Platelet count (x 10%) 148 (71) 150 (69) 142 (71) 0.395
Bilirubin (umol/l) 11 (6) 12 (7) 11(7) 0.227
Albumin (g/dl) 42 (5) 42 (5) 42 (5) 0.187
Aspartate transaminase (mmol/l) 37 (23) 37 (20) 39 (26) 0.075
Alanine transferase (mmol/l) 39 (35) 37 (31) 42 (36) 0.047
Prothrombin time (s) 12.3 (1.5) 12.1 (1.5) 12.2(1.4) 0.119
Creatinine (mmol/l) 86 (23) 87 (23) 86 (23) 0.596
ABLI —2.84(0.49) —2.88 (0.5) —2.84 (0.5) 0.400
AFP (U/1) 38 (270) 32 (214) 45 (354) 0.403
CTP score 5 5 5 0.884
ICG15 (%) 10.7 (7) 10.5 (6.6) 11(7.2) 0.995
Tumor size (cm) 3(1.8) 3(1.7) 32 0.161
Tumor number 1(0) 1(0) 1(0) 0.460
Magnitude of hepatectomy (%major) 28.4 28.6 3 0.929
Operation time (min) 299 (210) 300 (205) 293 (225) 0.956
Blood loss (ml) 515 (700) 500 (605) 550 (700) 0.707
Post-op complication (%) 19.3 19.3 47.7 1.000
Lymphovascular invasion (%) 33.1 324 33.6 0.797
Degree of differentiation (%poor) 16.5 16.7 16.4 0.429
Margin width (mm) 10 (10) 10 (10) 10 (10) 0.881
5-year overall survival (%) 73.8 73.5 72.1 0.847
Recurrence (%) 55 52.4 57.5 0.591

*IQR inter-quartile range
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patients and the median operation time and blood loss were
299 min and 515 ml, respectively. On pathological exami-
nation, 33.1% of the patients had microvascular permeation
and 16.5% had poor tumor cell differentiation. The median
follow-up duration was 68.8 months and HCC recurrence
was detected in 55% of the patients.

All patients were randomized and allocated to the deriva-
tion and validation groups in a 1:1 ratio by computer soft-
ware. Apart from the clinically insignificant differences in
white cell count and ALT, there were no significant differ-
ences between the groups. Table 1 summarizes the clinical
characteristics of the patients.

Nomogram derivation and validation

There were 291 patients allocated to the derivation group,
and 11 factors were found to be associated with disease-free
survival. On multivariate analysis, seven independent factors
were identified, namely age, prothrombin time, AFP, mag-
nitude of hepatectomy, postoperative complication, number
of tumor nodules, and the presence of lymphovascular inva-
sion (Table 2). With these independent factors, a prognostic
nomogram for the prediction of 2- and 5-year disease-free
survival was derived (Fig. 1a, b). This nomogram demon-
strated good discrimination ability in the derivation and vali-
dation sets (c-stat 0.672 and 0.665, respectively) (Fig. 2a,
b). Calibration plot of the nomogram suggested agreement

between the predicted and observed disease-free survival
probability (Fig. 3a, b).

Discussion

Through this retrospective study of over 600 patients with
early HCC, a nomogram composed of seven independent
factors was derived, validated, and shown to be accurate in
the prediction of disease-free survival by discrimination and
calibration tests.

HCC is known to be associated with a high recurrence
rate, even after curative resection. Recurrence develops
within 2 years of resection in most patients. Repeat resec-
tion, repeated ablation or even salvage transplantation
are often possible for early recurrence. This underscores
the importance of a reliable recurrence predictive model
which can help to individualize the surveillance strategy for
patients after curative hepatectomy. Through improvements
in health consciousness and availability of effective screen-
ing tools, many HCCs are being detected at a relatively
early stage. In general, patients with HCC within the Milan
criteria are considered to have earlier stage disease than
those with large HCC, multifocal HCC, or HCC with major
vascular invasion. A significant difference in tumor biol-
ogy between early and advanced disease is expected from

Table 2 Univariable analysis

o 72 Factors Univariable Multivariable OR (95% CI)
and multivariable analysis in
the Cox-regression model for Age 0.004 0.001 1.025 (1.010-1.039)
disease-free survival in the
derivation group Sex 0.475 -
Comorbidity 0.159 -
Hemoglobin 0.076 NS
White cell count 0.139 -
AST(<50) 0.001 NS
ALT(< 60) 0.469 -
Creatinine 0.515 -
Albumin(< 35) 0.018 NS
Bilirubin(> 35) 0.102 -
ABLI 0.004 NS
Prothrombin time 0.005 0.007 1.170 (1.044-1.310)
AFP_Ln 0.05 0.05 1.075 (1.000-1.156)
CTP 0.486 -
Major resection 0.001 0.002 1.827 (1.255-2.660)
Post-op complication 0.019 0.004 1.712 (1.190-2.462)
Blood loss 0.862 -
Duration of operation 0.796 -
Tumor size 0.127 -
Tumor number 0.008 0.028 1.707 (1.059-2.750)
Tumor grade 0.881 -
Lymphovascular permeation 0.006 0.041 1.412 (1.015-1.965)

@ Springer



Surgery Today (2019) 49:521-528

525

Point b 0. 8 6 & 8 % 3 .
Age - : - - - .
2 % ) % © I 50 55 [ 70 & & ®
1
Lvi —_—
0
AFP (u/l)(In) — v
0 1 2 3 4 5 6 7 ] 0 11 12 13
0
Magnitude of : ;
hepatectomy !
1
Complication r )
0
Prothrombin time (s)
9 10 1" 12 13 1" 15 16 17 18 19
2
No. of tumor r - -
1 3
Total point r - - - : - - - . - )
0 2 4 60 80 100 120 140 160 180 200 20 240 20
Linear predictor ' . . . . - ,
-2 -15 -1 -05 0 05 15 2
Probability of 2-yr r T v v T "
. i 4 y 09 08 07 06 04 02
disease free survival
(a)
0 10 % Kl 4 50 80 70 % 100
Point X A i i ; A ; . p )
Age T T T T T T T T T T \
0 % 3 % Q I % 55 [ 70 80 & %
1
r—l
VI 0
AFP(u/I)(In) o ——
o 1 2 3 4 5 6 7 9 10 1 o2 B
Magnitude of 0
hepatectomy i
. . 1
Complication . !
0
Prothrombin
time 9 10 i 2 M ¥ % 15 7 18 19
2
No. of tumor : . :
Total point f T T T T T T T T T T T Y
0 2 ) 80 80 100 120 140 160 180 20 % 260
Linear predictor " T y T T T y '
2 A5 -1 05 0 05 15 2
Probability of 5-yr , , , , , , ,
disease free survival 09 08 07 08 04 02 005

(b)

Fig.1 a Derived nomogram for the prediction of 2-year disease-free survival. b Derived nomogram for the prediction of 5-year disease-free

survival
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accumulation of tumor mutation in the course of disease
progression. To minimize the confounding effect of analyz-
ing early and advanced HCC together, this study recruited
patients with HCC within the Milan criteria and derived a
nomogram suitable for this patient subgroup only.

An elevated AFP level is a known factor for HCC recur-
rence after hepatectomy. Zhou et al. performed a multivari-
ate analysis of a series of 247 HCC patients after curative
resection and found that an AFP level > 400 ng/ml, vascular
invasion, multiple tumors, and postoperative complications
were the independent factors for early HCC recurrence [21].
Similar findings were reported by other studies [22-25] as
well as ours. Our study also identified major hepatectomy
as an independent factor for disease-free survival. Since
HCC tends to invade the portal vein, resulting in intrahe-
patic spread, theoretically major hepatectomy should be a
protective factor as the tumor-bearing sectors are removed
together with the portal pedicle. The oncological impact of
major/anatomical resection has been described in retrospec-
tive series [26, 27] and a meta-analysis [28]. In our study,
advanced age was also found to have a detrimental effect
on disease-free survival, although this is not unequivocal in
the literature [29-32]. Associated comorbidities and limited
tolerance of physiological stress would contribute to poorer
survival of the aged population.

Few validated predictive models for HCC recurrence are
documented in the literature. A novel inflammation-based
score (IBS) was derived and validated by Fu et al., using
the data of more than 1000 patients; however, the concord-
ance index of their nomogram in predicting recurrence-free
survival in the validation set was 0.621, suggesting a mod-
erate discriminatory power only [33]. Another nomogram
incorporating an inflammatory index derived by Shen et al.
demonstrated a high concordance index (c-index over 0.7),
but the small patient number (159 patients) in the validation
set led to potential bias. A nomogram of 2-year disease-free
survival, including patient sex, log of calculated tumor vol-
ume, albumin level, platelet count, and microvascular inva-
sion was proposed and validated with a good concordance
index (i.e. 0.66) by the Asan group, using data from a large
number of patients. However, the high AFP level and large
tumor size in their study population might limit the applica-
tion of their findings to patients with early HCC [34]. More
recently, a clinical risk score (CRS) was derived [35] and
validated [36], composed of only three parameters: disease
status beyond the Milan criteria, multiple tumor nodules,
and microvascular invasion. However, other potential predic-
tive factors such as AFP were not analyzed and the results
cannot be applied to patients with HCC within the Milan
criteria [36].

This study had some limitations. First, its retrospec-
tive nature is associated with unavoidable biases. Second,
the patients were recruited over a long period of time, so
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substantial changes in perioperative care and operative
technique could have influenced the surgical and oncologi-
cal outcomes. Third, inflammatory indices such as neutro-
phil/lymphocyte ratio and other markers associated with
HCC recurrence, such as PIVKA-II, were not analyzed.
Fourth, operative and pathological data were required for
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Fig.2 a Receiver-operating characteristic curve to demonstrate
the discriminating ability of the derived nomogram in the deriva-
tion group. b Receiver-operating characteristic curve to demonstrate
the discriminating ability of the derived nomogram in the validation
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the calculation of disease-free survival, negating their use
in the preoperative setting. Nevertheless, the current study
demonstrated the derivation and validation of a nomogram
for the calculation of disease-free survival in a specific group
of HCC patients (within the Milan Criteria) using a reason-
ably large patient population. This nomogram should act as
a reference in formulating surveillance strategies for patients
with early HCC.

Conclusion

A validated nomogram will help to predict the post-hepatec-
tomy disease-free survival of patients with HCC within the
Milan criteria and an individualized surveillance protocol
can be formulated accordingly.
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