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Background: Repeat hepatectomy is an important treatment for patients with repeat

recurrent hepatocellular carcinoma (HCC).

Methods: This study was a multicenter retrospective analysis of 1,135 patients who

underwent primary curative liver resection for HCC. One hundred recurrent patients

with second hepatectomy were included to develop a nomogram to predict the risk of

post-recurrence survival (PRS). Thirty-eight patients in another institution were used to

externally validate the nomogram. Univariate and multivariate Cox regression analyses

were used to identify independent risk factors of PRS. Discrimination, calibration, and

the Kaplan–Meier curves were used to evaluate the model performance.

Results: The nomogram was based on variables associated with PRS after HCC

recurrence, including the tumor, node, and metastasis (TNM) stage; albumin and

aspartate aminotransferase levels at recurrence; tumor size, site, differentiation of

recurrences; and time to recurrence (TTR). The discriminative ability of the nomogram, as

indicated by the C statistics (0.758 and 0.811 for training cohort and external validation

cohorts, respectively), was shown, which was better than that of the TNM staging system

(0.609 and 0.609, respectively). The calibration curves showed ideal agreement between

the prediction and the real observations. The area under the curves (AUCs) of the training

cohort and external validation cohorts were 0.843 and 0.890, respectively. The Kaplan–

Meier curve of the established nomogram also performed better than those of both the

TNM and the BCLC staging systems.

Conclusions: We constructed a nomogram to predict PRS in patients with repeat

hepatectomy (RH) after repeat recurrence of HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) recurrence is a common
phenomenon after resection in patients with preserved liver
function reserve. The 5-year HCC recurrence rate after curative
resection is over 50% (1, 2); and, of all recurrence patterns, the
most frequent is intrahepatic recurrence (3, 4). However, there
is little agreement on the criteria for a standardized treatment
strategy for recurrent HCC. Repeated hepatectomy (RH) is
one of the important treatments for repeat recurrence HCC.
Aggressive treatment of HCC recurrence after liver resection is
related to prolonged overall survival (OS) (5, 6). Faber et al.
(7) retrospectively studied 27 patients to clarify the safety and
effectiveness of RH as a curative option for intrahepatic HCC
recurrence. Chan et al. (8) evaluated the efficacy of salvage liver
transplantation (SLT), RH, and repeated radiofrequency ablation
(rRFA) in patients with post-operative HCC recurrence and
found that SLT and RH led to comparable survival outcomes and
that both treatments were better than rRFA.

However, RH is not indicated for patients with impaired liver
function and multifocal intrahepatic or extrahepatic recurrence.
A previous study reported the use of a nomogram to predict
prognosis after the second hepatectomy (9). Given that the
nomogram did not include factors related to impaired liver
function, clinical physicians had to further consider these factors,
but they could not determine the relative importance of these
factors in prognosis. Moreover, there were no external validation
cohorts to validate the nomogram.

Post-recurrence survival (PRS) of patients with HCC is greatly
impacted by features of recurrence rather than by features of
the primary tumors, and it could also be convenient for clinical
physicians to evaluate the survival time for patients who received
the second operation. The purpose of this study was to identify
the clinical and pathological characteristics associated with PRS
after RH in patients with HCC. For patients from the Affiliated
Hospital of Guilin Medical College (Guilin cohort), we first
used the information of 100 patients who underwent a second
hepatectomy for recurrent HCC to construct a nomogram to
predict the individual risk of PRS after initial recurrence. We
validated the nomogram with 38 patients who underwent a
second hepatectomy for recurrent HCC from the external Peking
University People’s Hospital (PKUPH) cohort.

MATERIALS AND METHODS

Patient Population and Data Collection
Between September 27, 1995 and December 31, 2016, data on
consecutive patients with primary HCC who underwent curative
liver resection were prospectively collected at the Affiliated
Hospital of GuilinMedical University, China. BetweenDecember
2005 and December 2019, data on consecutive patients with
primary HCC who underwent curative liver resection were
prospectively collected at PKUPH, China. The Institutional
Ethics Committee of the Affiliated Hospital of Guilin Medical

Abbreviations: PRS, post-recurrence survival; RH, repeat hepatectomy; TTR, time

to recurrence; HCC, hepatocellular carcinoma.

College and PKUPH approved this study, which follows the
ethical guidelines of the 2013 Declaration of Helsinki. Due
to the long-term of the study, we proceeded to inform the
patients before the surgical treatment and provided them with
the informed consent form to sign.

The inclusion criteria were as follows: (1) Patients who
underwent R0 liver resection; (2) patients with no evidence of
extrahepatic metastasis or macroscopic tumor thrombus in the
major portal/hepatic vein and biliary tract before the primary
and repeat hepatectomies; (3) patients who were not receiving
adjuvant treatment; and (4) patients with Child-Pugh A or B
liver function. The exclusion criteria were as follows: (1) Patients
who had received any preoperative or post-operative anticancer
treatments; (2) patients who had a history of other cancers or
had incomplete clinical data; and (3) patients who died within
30 days of operation (to avoid the inclusion of deaths due to
post-operative complications). We used the data from patients
at PKUPH (n = 362) between 2005 and 2019 as an external
validation cohort using the same inclusion and exclusion criteria.

Demographic and clinicopathological data of the patients
with primary recurrences were collected, including age, sex,
family history, alcohol history, liver function, blood routine
examination, and serum a-fetoprotein (AFP) tests, lymph node
metastasis, tumor size, tumor number, tumor site (caudate lobe,
left, or right), tumor differentiation (i.e., low, median or high),
time to recurrence (TTR), and the TNM stage of the disease.
Tumor size was defined as the sum of the diameters of all the
resected tumors. The final pathological outcomes were used to
evaluate the resection margin status (negative [R0]) and the
lymph node status (no metastasis[N0] or lymph node metastasis
[N1]). The primary outcomes of interest were PRS.

Follow-Up
After curative liver resection, patients received regular medical
follow-ups every 2 months for the first 2 years and every 3–
6 months thereafter. At each follow-up visit, patients had a
routine examination of the physical checkup, determination
of serum AFP levels, liver function tests, and at least one
imaging examination, including abdominal ultrasound, contrast-
enhanced CT scan, or MRI. For patients who were suspected of
having HCC recurrence based on liver ultrasound or dynamically
elevated AFP levels, either a contrast-enhanced CT scan or MRI
was carried out to confirm or exclude the diagnosis. Chest
CT was annually performed to exclude lung metastasis. Each
recurrence time was defined as the date of the first positive
imaging examination result. PRS was defined as the interval from
the time of the primary recurrence to the final follow-up date or
the time of patient death.

Statistical Analysis
Categorical variables were presented as whole numbers and
proportions and were compared using the χ

2 test. Continuous
variables were presented as medians with interquartile ranges
(IQRs) and compared using an unpaired, two-tailed t-test or
the Mann–Whitney test. The Mann–Whitney test was used
when normal distribution and homogeneity of variance could
not meet the requirements of the t-test. Survival curves were
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FIGURE 1 | Flowchart of this study.

TABLE 1 | Cox proportional hazards regression model showing the association of variables with post-recurrence survival.

Guilin cohort (n = 100)

Univariable Multivariable

Variable HR (95% CI) P-value HR (95% CI) P-value

Factors selected

TNM stage

I 1 [Reference] 1 [Reference]

II 2.22 (1.13–4.36) 0.02 2.82 (1.17–6.77) 0.02

III 3.93 (1.86–8.32) <0.001 2.76 (1.08–7.04) 0.03

Differentiation

Low 1 [Reference] 1 [Reference]

High 0.24 (0.08–0.67) <0.01 0.19 (0.06–0.61) <0.01

Median 0.59 (0.23–1.09) 0.09 0.35 (0.17–0.73) <0.01

Tumor site

Caudate lobe 1 [Reference] 1 [Reference]

Left 0.35 (0.08–1.53) 0.16 0.14 (0.03–0.74) 0.02

Right 0.21 (0.05–0.91) 0.03 0.05 (0.01–0.31) <0.001

Diameter, cm

<=5 1 [Reference] 1 [Reference]

>5 2.68 (1.45–4.97) <0.01 1.39 (0.66–2.91) 0.05

ALB (g/L)

<28 1 [Reference] 1 [Reference]

(28, 35) 0.008 (0.0004–0.15) <0.01 0.003 (0.0002–0.07) <0.001

>=35 0.007 (0.0004–0.11) <0.001 0.002 (0.0001–0.04) <0.001

AST (IU/L)

<=40 1 [Reference] 1 [Reference]

>40 2.36 (1.36–4.11) <0.01 2.26 (1.07–4.77) 0.03

TTR (month)

<=12 1 [Reference] 1 [Reference]

>12 0.447 (0.26–0.76) <0.01 0.38 (0.21–0.68) <0.01
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compared using the Kaplan–Meier method and the log-rank
test. Clinicopathological variables were considered discrete
and were converted to categorical variables based on the
clinical importance and were identified predictors according to
previously published studies (9, 10).

We performed univariate and multivariate Cox regression
analyses to confirm independent prognostic factors of PRS.
Variables with statistically significant P-values on univariate
analysis were selected into the multivariate Cox proportional
hazard regression model. Backward stepwise selection with
the Akaike information criterion (AIC) was applied to select
the independent significant variables used in the development
of the nomogram. The variation inflation factor was used
to evaluate multicollinearity, and no significant interaction
was found. Hazard ratios (HRs) of the variables were shown
with their 95% CIS (11). The model performance was
evaluated internally and externally by discrimination and
calibration via the Harrell’s concordance index (C-index)
(12). Finally, the Kaplan–Meier curves were plotted with the
tertiles of patients layered on the scores predicted by the
established nomogram to further evaluate calibration. The
model was validated by bootstrapping with a resampling of
1,000 to quantify any overfitting of the modeling strategy.
All the statistical analyses were performed using the R
software version 3.6.1 (www.r-project.org). P-values lower than
0.05 were considered statistically significant, and all tests
were two-sided.

RESULTS

Clinicopathological Characteristics
The flowchart of patient recruitment is shown in Figure 1. In
the Guilin cohort, 773 post-operative patients were enrolled
for follow-up; of these, 294 patients recurred after the primary
surgery, 131 recurrent patients received the second hepatectomy,
22 patients were excluded because they received transarterial
chemoembolization (TACE) treatment after hepatectomy, nine
patients were lost to follow-up, and finally 100 patients were
identified as training cohort; In the PKUPH cohort, 362
post-operative patients were enrolled for follow-up; of these,
178 patients recurred after the primary surgery, 45 recurrent
patients received the second hepatectomy, 1 patient was excluded
because they received the ablation treatment after hepatectomy,
6 patients were lost to follow-up, and finally 38 patients
were identified as the external validation cohort. The clinical
and pathological characteristics of patients with HCC in the
training cohort (n = 100) and external validation cohort
are summarized in (Supplementary Table 1). There were no
differences in baseline indicators between the training cohort
and the external validation cohorts, except in factors such
as age, WBC count, LYMPH count, NEUT count, ALT and
AST level, tumor difference, and HBsAg level. For the Guilin
cohort, the median follow-up time was 34.2 months (range
19.7–56.5). About 38.1% (294 of 773) of the patients had
a first recurrence of the disease, and 26% (26 of 100) of
the patients had re-recurrence. The 2- and 5-year PRS rates

were 57 and 15%, respectively, and the median PRS was
27.5 months.

Independent Prognostic Factors in the
Training Cohort
All variables listed in Supplementary Table 1 were used
for univariate analysis, which was shown in Table 1 and
Supplementary Table 2. Variables with P < 0.05 were used
in the multivariate Cox regression analysis. Multivariate
analysis revealed that the TNM stage, tumor site, tumor
size, tumor differentiation, albumin (ALB) and aspartate
aminotransferase (AST) levels, and TTR time were the
seven independent prognostic factors for PRS (P < 0.05)
(Table 1).

Prognostic Nomogram for PRS
The prognostic nomogram for predicting PRS of the recurrent
patients after RH is shown in Figure 2A. The nomogram
was constructed based upon the following seven independent
prognostic factors identified in the Cox model: TNM stage (I,
II, or III), tumor site (caudate lobe, left, or right), tumor size
(≤5 or >5 cm), tumor differentiation (low, high, or median),
ALB (<28, 28–35 or ≥35 g/L), AST (≤40 or >40 IU/L), and
TTR (≤ 12 or >12 months). The nomogram was then used
to predict 3- and 5-year PRS rates for recurrent patients after
RH of HCC (Figure 2A). Each individual can be assigned a
mortality risk by adding seven individual scores identified in
the nomogram; the higher total scores are associated with a
worse prognosis.

Discriminative Ability of the Prognostic
Nomogram
The discriminative ability of the PRS prediction model by
C statistics was 0.758 (95% CI, 0.685–0.831), which is better
than the TNM staging system of recurrence (0.609, 95%
CI, 0.535–0.683, P < 0.01). The prediction of the 1-, 2-,
3-, and 5-year PRS rates by the 33-sample bootstrapped
calibration plot are shown in Figures 2B–E, demonstrating
an ideal agreement between nomogram prediction and real
observations. The generated model was internally validated
by the bootstrap validation method with 1,000 resamplings
(the C statistics was 0.703). For the external validation
cohort, the C statistics was 0.811 (95% CI, 0.762–0.860),
which is better than the TNM staging system of recurrence
(0.609, 95% CI, 0.546–0.672, P < 0.01). The prediction
of the 1-, 2-, 3-, and 5-year PRS rates by the 12-sample
bootstrapped calibration plot were shown in Figures 3A–D,
demonstrating an ideal agreement between nomogram
prediction and real observations. The AUCs of the training
cohort and external validation cohorts were 0.843 and 0.890,
respectively, which were better than those of the TNM
and BCLC stage systems as shown in Figures 2F–H and
Figures 3E–G.

The Kaplan–Meier curves were plotted to further verify the
power of the nomogram in predicting PRS (Figures 4A,D).
In the training cohort, the nomogram stratified patients into
low- (total score ≤ 27), medium- (total score 27–47), and
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FIGURE 2 | (A) Nomogram for predicting the 3- and 5-year post-recurrence survival rates in patients with repeat hepatectomy (RH) of hepatocellular carcinoma

(HCC). The calibration curve for predicting the 1-, 2-, 3-, and 5- year post-recurrence survival in the training (B–E) cohort; nomogram-predicted probability of PRS is

plotted on the x-axis; actual PRS is plotted on the y-axis. The area under the curve (AUC) of the nomogram, and the tumor, node, and metastasis (TNM) and BCLC

stage systems in the training cohort (F–H).
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FIGURE 3 | The calibration curve for predicting the 1-, 2-, 3-, and 5- year post-recurrence survival in the training (A–D) cohort; nomogram-predicted probability of PRS

is plotted on the x-axis; actual PRS is plotted on the y-axis. The AUC of the nomogram, and the TNM and BCLC stage systems in external validation cohorts (E–G).

high-risk (total score > 47) subgroups. Patients in the high-
risk group (tertile 3) had a worse outcome (0% 5-year PRS)
in comparison with patients in the low-risk group (tertile 1)
and the median-risk group (tertile 2) (69.6 and 39.5% 5-year
PRS, respectively) (P < 0.001), meanwhile, the predicted 2-
year PRS rates in low-, median-, and high-risk groups were
87.2, 68.6, and 45.4%, respectively (P < 0.001) (Figure 4A).
The Kaplan–Meier curves were also constructed for the TNM
and BCLC staging systems of both the training and validation
groups (Figures 4B,C,E,F). There was an overlap of curves for
patients in TNM stage I, II, and III of the training cohort
during the first 2 years of survival (Figure 4B), and patients
in the BCLC stage had a similar result (Figure 4C). In the
external validation cohort, the Kaplan–Meier curve of the
established nomogram (Figure 4D) also performed better than

those of both the TNM (Figure 4E) and BCLC (Figure 4F)
staging system.

DISCUSSION

In the current study, we constructed a novel nomogram to predict
PRS in recurrent patients after RH in HCC and then externally
validated patients in the PKUPH cohort. This clinical context
occurs in patients treated with RH without other treatments.

Repeat hepatectomy is reported to prolong the OS time for
patients with recurrent HCC after liver resection (5, 13–15). A
previous study established a nomogram to predict the survival
of patients with recurrence of HCC after the primary operation
and identified repeat resection as an independent prognostic
factor associated with prolonged survival, but it also included
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FIGURE 4 | The Kaplan–Meier curves for subgroups of patients. Patients were stratified by the prognostic score (A), TNM stage (B), and BCLC stage (C) in the

training cohort. Patients were stratified by the prognostic score (D), TNM stage (E), and BCLC stage (F) in the external validation cohorts.

patients managed with other treatments, including molecular
targeted therapy, systematic chemotherapy, radiotherapy, and
supportive care (10), so this nomogram is not particularly helpful.
For example, RH treatment is scored zero in the nomogram,
which means patients who select RH have a better prognosis than
those who select other treatments. However, RH is not fit for all
recurrent patients. In our opinion, all treatments should have
their own standards for evaluation. Clinical physicians could
compare the outcomes based on these standards and select the
optimal treatment for patients with recurrent HCC.

Another particular strength of this study is that the
nomogram included a wide array of variables (TNM stage,
liver function, tumor characteristics, and TTR) identified in
previous publications as being related to prognosis after liver
resection of the HCC (10, 13, 14, 16). Zou et al. (9) previously
developed a nomogram among patients with RH of HCC that
incorporated TTR, HBV-DNA level, and tumor characteristics
at the initial surgery in the model, having identified TTR as
the most effective predictive factor for mortality. The inclusion
of risk factors without liver function is problematic because
it is self-explanatory that liver function is closely related to
prognosis (17). Our study incorporated all the variables collected
at recurrences, and both serum AST and ALB are included in
the liver function tests, which implies that the liver function has
been taken into account in our model. It is worth mentioning
that serum ALB levels occupy the most important position in
the nomogram. Some studies (18–20) have reported that tumor
differentiation and tumor size are associated with disease-free

survival and/or OS after the initial surgery. In contrast, other
researchers have put forward that there is no correlation between
these tumor characteristics and disease-free survival and/or OS
(21). In the present study, we found a significant association
not only between tumor differentiation and tumor size but also
proved that tumor site (left, right, or caudate lobe) is correlated
with PRS, the hazard ratio being shown in Table 1. Because
of a specific anatomical characteristic, tumors on the caudate
lobe are difficult to completely resect (22), which was first
identified as the independent risk factor in predicting PRS in
this study. Furthermore, we also noted that TTR is strongly
linked to outcomes. A previous study has identified 2 years after
resection as the optimal cutoff value to distinguish late recurrence
from early recurrence (23), while this study implies that < 2
year from repeat resection to recurrence has a close correlation
with PRS, which is in accordance with nomograms in other
studies (9, 10).

Accurate risk stratification of the patients with post-operative
recurrence in HCC is essential because the prognosis of patients
may vary (24). However, the TNM staging system was less useful
than the nomogram developed in this study for PRS prediction
in both the training cohorty and external validation cohorts
(C-index, 0.758 vs. 0.609, 0.811 vs. 0.609, respectively), which
suggests that our nomogram has the ability to predict post-
operative survival after recurrence. Indeed, when stratified into
tertiles in the survival analysis, the established nomogram could
identify subgroups of patients who were at different risks of death
in both the training cohort and validation cohorts.

Frontiers in Oncology | www.frontiersin.org 7 March 2021 | Volume 11 | Article 646638

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Fang et al. Nomogram Predicting Postoperative Prolonged Survival

In conclusion, we constructed a nomogram to predict
PRS in patients with RH after the recurrence of HCC. The
nomogram performed well on external validation cohort. This
study also has limitations. The number of patients who accepted
a second radical surgery is small, although the clinical and
pathological data were collected in two centers. The sample
size is still small, and more studies are needed to externally
validate the established nomogram. In addition, imaging data
were not collected; therefore, the nomogram could not evaluate
its effect.

DATA AVAILABILITY STATEMENT

The original contributions generated for the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Peking University People’s Hospital Affiliated
Hospital of Guilin Medical University. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

HC, QF, WL, and JG designed the study. QF analyzed the
data and wrote the manuscript. RY, DC, and RF provided
technical expertise and support. PC and KD collected the clinical
information and scheduled the follow-up plan. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was supported by grants from the National Key
Sci-Tech Special Project of China (Nos. 2018ZX10302207
and 2017ZX10203202).

ACKNOWLEDGMENTS

We sincerely thank the researchers and study participants for
their contributions toward this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fonc.
2021.646638/full#supplementary-material

REFERENCES

1. Inoue K, Takayama T, Higaki T, Watanabe Y, Makuuchi M. Clinical

significance of early hepatocellular carcinoma. Liver Transpl. (2004) 10:S16–

9. doi: 10.1002/lt.20049

2. Grazi GL, Cescon M, Ravaioli M, Ercolani G, Gardini A, Del Gaudio M, et al.

Liver resection for hepatocellular carcinoma in cirrhotics and noncirrhotics.

Evaluation of clinicopathologic features and comparison of risk factors

for long-term survival and tumour recurrence in a single centre. Aliment

Pharmacol Ther. (2003) 17:119–29. doi: 10.1046/j.1365-2036.17.s2.9.x

3. Hanazaki K, Kajikawa S, Shimozawa N, Mihara M, Shimada K, Hiraguri

M, et al. Survival and recurrence after hepatic resection of 386 consecutive

patients with hepatocellular carcinoma. J Am Coll Surg. (2000) 191:381–

8. doi: 10.1016/S1072-7515(00)00700-6

4. Fan ST, Poon RT, Yeung C, Lam CM, Lo CM, Yuen WK, et al. Outcome after

partial hepatectomy for hepatocellular cancer within the Milan criteria. Br J

Surg. (2011) 98:1292–300. doi: 10.1002/bjs.7583

5. Itamoto T, Nakahara H, Amano H, Kohashi T, Ohdan H, Tashiro H, et al.

Repeat hepatectomy for recurrent hepatocellular carcinoma. Surgery. (2007)

141:589–97. doi: 10.1016/j.surg.2006.12.014

6. Tralhão JG, Dagher I, Lino T, Roudié J, Franco D. Treatment

of tumour recurrence after resection of hepatocellular carcinoma.

Analysis of 97 consecutive patients. Eur J Surg Oncol. (2007)

33:746–51. doi: 10.1016/j.ejso.2006.11.015

7. Faber W, Seehofer D, Neuhaus P, Stockmann M, Denecke

T, Kalmuk S, et al. Repeated liver resection for recurrent

hepatocellular carcinoma. J Gastroenterol Hepatol. (2011) 26:1189–

94. doi: 10.1111/j.1440-1746.2011.06721.x

8. Chan AC, Chan SC, Chok KS, Cheung TT, Chiu DW, Poon RT,

et al. Treatment strategy for recurrent hepatocellular carcinoma: salvage

transplantation, repeated resection, or radiofrequency ablation? Liver Transpl.

(2013) 19:411–9. doi: 10.1002/lt.23605

9. Zou Q, Li J, Wu D, Yan Z, Wan X, Wang K, et al. Nomograms for pre-

operative and post-operative prediction of long-term survival of patients who

underwent repeat hepatectomy for recurrent hepatocellular carcinoma. Ann

Surg Oncol. (2016) 23:2618–26. doi: 10.1245/s10434-016-5136-0

10. He W, Peng B, Tang Y, Yang J, Zheng Y, Qiu J, et al. Nomogram

to predict survival of patients with recurrence of hepatocellular

carcinoma after surgery. Clin Gastroenterol Hepatol. (2018)

16:756–64.e710. doi: 10.1016/j.cgh.2017.12.002

11. Simon R. Confidence intervals for reporting results of clinical trials. Ann

Intern Med. (1986) 105:429–35. doi: 10.7326/0003-4819-105-3-429

12. Harrell FE Jr, Califf RM, Pryor DB, Lee KL, Rosati RA.

Evaluating the yield of medical tests. JAMA. (1982) 247:2543–

6. doi: 10.1001/jama.1982.03320430047030

13. Tsujita E, Yamashita Y, Takeishi K, Matsuyama A, Tsutsui S, Matsuda

H, et al. Poor prognostic factors after repeat hepatectomy for recurrent

hepatocellular carcinoma in the modern era. Am Surg. (2012) 78:419–

25. doi: 10.1177/000313481207800431

14. Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Intrahepatic recurrence

after curative resection of hepatocellular carcinoma: long-term

results of treatment and prognostic factors. Ann Surg. (1999)

229:216–22. doi: 10.1097/00000658-199902000-00009

15. Sugimachi K, Maehara S, Tanaka S, Shimada M, Sugimachi K.

Repeat hepatectomy is the most useful treatment for recurrent

hepatocellular carcinoma. J Hepatobiliary Pancreat Surg. (2001)

8:410–6. doi: 10.1007/s005340100002

16. Huang ZY, Liang BY, Xiong M, Zhan DQ, Wei S, Wang GP, et al.

Long-term outcomes of repeat hepatic resection in patients with recurrent

hepatocellular carcinoma and analysis of recurrent types and their prognosis:

a single-center experience in China. Ann Surg Oncol. (2012) 19:2515–

25. doi: 10.1245/s10434-012-2269-7

17. Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves HL,

et al. Assessment of liver function in patients with hepatocellular carcinoma:

a new evidence-based approach-the ALBI grade. J Clin Oncol. (2015) 33:550–

8. doi: 10.1200/JCO.2014.57.9151

18. Torzilli G, Donadon M, Belghiti J, Kokudo N, Takayama T, Ferrero A, et al.

Predicting individual survival after hepatectomy for hepatocellular carcinoma:

a novel nomogram from the “HCC East & West Study Group”. J Gastrointest

Surg. (2016) 20:1154–62. doi: 10.1007/s11605-016-3132-0

19. Zhang W, Tan Y, Shen S, Jiang L, Yan L, Yang J, et al.

Prognostic nomogram for hepatocellular carcinoma in adolescent

Frontiers in Oncology | www.frontiersin.org 8 March 2021 | Volume 11 | Article 646638

https://www.frontiersin.org/articles/10.3389/fonc.2021.646638/full#supplementary-material
https://doi.org/10.1002/lt.20049
https://doi.org/10.1046/j.1365-2036.17.s2.9.x
https://doi.org/10.1016/S1072-7515(00)00700-6
https://doi.org/10.1002/bjs.7583
https://doi.org/10.1016/j.surg.2006.12.014
https://doi.org/10.1016/j.ejso.2006.11.015
https://doi.org/10.1111/j.1440-1746.2011.06721.x
https://doi.org/10.1002/lt.23605
https://doi.org/10.1245/s10434-016-5136-0
https://doi.org/10.1016/j.cgh.2017.12.002
https://doi.org/10.7326/0003-4819-105-3-429
https://doi.org/10.1001/jama.1982.03320430047030
https://doi.org/10.1177/000313481207800431
https://doi.org/10.1097/00000658-199902000-00009
https://doi.org/10.1007/s005340100002
https://doi.org/10.1245/s10434-012-2269-7
https://doi.org/10.1200/JCO.2014.57.9151
https://doi.org/10.1007/s11605-016-3132-0
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Fang et al. Nomogram Predicting Postoperative Prolonged Survival

and young adult patients after hepatectomy. Oncotarget. (2017)

8:106393–404. doi: 10.18632/oncotarget.18192

20. Pan YX, Chen JC, Fang AP, Wang XH, Chen JB, Wang JC, et al.

A nomogram predicting the recurrence of hepatocellular carcinoma

in patients after laparoscopic hepatectomy. Cancer Commun. (2019)

39:55. doi: 10.1186/s40880-019-0404-6

21. Ma KW, She WH, Cheung TT, Chan ACY, Dai WC, Fung JYY,

et al. Validated nomogram for the prediction of disease-free survival

after hepatectomy for hepatocellular carcinoma within the Milan

criteria: individualizing a surveillance strategy. Surg Today. (2019)

49:521–8. doi: 10.1007/s00595-019-1764-x

22. Clavien PA, Petrowsky H, DeOliveira ML, Graf R. Strategies for safer liver

surgery and partial liver transplantation. N Engl J Med. (2007) 356:1545–

59. doi: 10.1056/NEJMra065156

23. Portolani N, Coniglio A, Ghidoni S, Giovanelli M, Benetti A, Tiberio

GA, et al. Early and late recurrence after liver resection for hepatocellular

carcinoma: prognostic and therapeutic implications. Ann Surg. (2006)

243:229–35. doi: 10.1097/01.sla.0000197706.21803.a1

24. Jang TY, Huang CI, Yeh ML, Lin ZY, Chen SC, Chuang WL. The prognosis

of bulky hepatocellular carcinoma with nonmajor branch portal vein tumor

thrombosis. Medicine. (2019) 98:e15066. doi: 10.1097/MD.00000000000

15066

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Fang, Yang, Chen, Fei, Chen, Deng, Gao, Liao and

Chen. This is an open-access article distributed under the terms of the

Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s)

and the copyright owner(s) are credited and that the original publication in

this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 9 March 2021 | Volume 11 | Article 646638

https://doi.org/10.18632/oncotarget.18192
https://doi.org/10.1186/s40880-019-0404-6
https://doi.org/10.1007/s00595-019-1764-x
https://doi.org/10.1056/NEJMra065156
https://doi.org/10.1097/01.sla.0000197706.21803.a1
https://doi.org/10.1097/MD.0000000000015066~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	A Novel Nomogram to Predict Prolonged Survival After Hepatectomy in Repeat Recurrent Hepatocellular Carcinoma
	Introduction
	Materials and Methods
	Patient Population and Data Collection
	Follow-Up
	Statistical Analysis

	Results
	Clinicopathological Characteristics
	Independent Prognostic Factors in the Training Cohort
	Prognostic Nomogram for PRS
	Discriminative Ability of the Prognostic Nomogram

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


