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Abstract

BACKGROUND
The efficacy of conversion therapy for patients with unresectable hepatocellular
carcinoma (HCC) is a common clinical concern.

AIM

To analyse the prognostic factors of overall survival (OS) in patients with
unresectable HCC who received conversion therapy.

METHODS

One hundred and fifty patients who met the inclusion criteria were enrolled and
divided into a training cohort (n = 120) and a validation cohort (n = 30). Using the
independent risk factors in the training cohort, a nomogram model was
constructed to predict OS for patients treated with transarterial chemoembol-
ization following hepatic resection. The nomogram was internally validated with
the bootstrapping method. The predictive performance of nomogram was
assessed by Harrell’s concordance index (C-index), calibration plot and time-
dependent receiver operating characteristic curves and compared with six other
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conventional HCC staging systems.

RESULTS

Multivariate Cox analysis identified that albumin, blood urea nitrogen, gamma-glutamyl
transpeptidase to platelet ratio, platelet to lymphocyte ratio, macrovascular invasion and tumour
number were the six independent prognostic factors correlated with OS in nomogram model. The
C-index in the training cohort and validation cohort were 0.752 and 0.807 for predicting OS, which
were higher than those of the six conventional HCC staging systems (0.563 to 0.715 for the training
cohort and 0.458 to 0.571 for the validation cohort). The calibration plots showed good consistency
between the nomogram prediction of OS and the actual observations of OS. Decision curve
analyses indicated satisfactory clinical utility. With a total nomogram score of 196, patients were
accurately classified into low-risk and high-risk groups. Furthermore, we have deployed the
model into online calculators that can be accessed for free at https://ctmodelforunresect-
ablehcc.shinyapps.io/DynNomapp/.

CONCLUSION

The nomogram achieved optimal individualized prognostication of OS in HCC patients who
received conversion therapy, which could be a useful clinical tool to help guide postoperative
personalized interventions and prognosis judgement.

Key Words: Hepatocellular carcinoma; Conversion therapy; Nomogram; Inflammation; Transarterial
chemoembolization

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We developed and validated a prognostic nomogram based on inflammation-related biomarkers
for patients with unresectable hepatocellular carcinoma after conversion therapy. The proposed conversion
therapy model shows increased accuracy, good clinical utility, and better prognostic performance
compared with conventional staging systems. Based on the total predictive risk scores, the patients were
classified into two groups: low-risk (score < 196) and high-risk group (score > 196), to guide
postoperative adjuvant interventions and follow-ups. Furthermore, we have made this prognostic
nomogram online for free use (https://ctmodelforunresectablehcc.shinyapps.io/DynNomapp/).
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INTRODUCTION

Hepatocellular carcinoma (HCC), the most common type of primary liver cancer, ranks as the sixth most
prevalent malignancy and third leading cause of cancer-related deaths worldwide[1]. More so than
other cancers, hepatitis B virus (HBV) infection is a hallmark of HCC, with 70%-90% of diagnoses
occurring with a background of cirrhosis in highly prevalent Asian countries[2]. Hepatic resection (HR)
is deemed the most efficacious therapeutic option for patients diagnosed with early to intermediate
stages of HCC. Unfortunately, the majority of Chinese patients with HCC are diagnosed at intermediate
or advanced stages with massive or multifocal lesions. Nevertheless, HR is possible for a minority of
carefully selected patients with the help of a “conversion therapy” strategy, which refers to conversion
of an unresectable HCC to achieve adequate tumour shrinkage and downstaging to undergo HR.
However, only a limited number of meticulously screened patients with intermediate or advanced stage
HCC qualify for HR.

As per the Barcelona Clinic Liver Cancer (BCLC) staging system, transarterial chemoembolization
(TACE) is recommended as the first-line treatment for intermediate stage HCC and has been extensively
investigated and widely acknowledged as an effective approach for conversion therapy[3]. Previous
studies have demonstrated that HR after local treatments, such as TACE, hepatic artery infusion
chemotherapy and radiotherapy with or without other systemic therapeutic measures, can improve
tumour shrinkage as well as downstaging. Moreover, these treatments have been shown to enhance
patient survival rates without causing significant complications[4-7]. While TACE could potentially
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provide surgical options to previously ineligible HCC patients, its high incidence of short-term
recurrence remains a significant challenge for conversion therapy. Meanwhile, active conversion
strategies to increase the volume of future liver remnant and planning for patients who cannot achieve
RO resection are worth greater consideration. Thus, the development of a validated clinical risk score
based on preoperative indices to assess those at high risk of recurrence and death may help formulate
optimal management strategies and prevent disease progression.

Links between inflammation and the development of cancer are well established, and HCC is one of
the most classic inflammation-linked tumours. During liver inflammation, inflammatory cells and
mediators are present before hepatocarcinogenesis and prompt the malignant activity of cancer cells.
Additionally, a persistent cancer-related inflammatory microenvironment leads to immune suppression,
which promotes the development of HCC[8]. Recently, numerous previous studies have indicated that
preoperative inflammatory biomarkers can be capable of predicting HCC prognosis after HR[9,10]. A
previous study by Wang et al[9] assessed the prognostic value of inflammation-related markers prior to
surgery and demonstrated their high effectiveness in predicting survival after surgical resection of
HCC. In addition, the researchers concluded that two inflammation-related markers, gamma-glutamyl
transpeptidase (GGT) to platelet ratio (GPR) and neutrophil to lymphocyte ratio (NLR), were
independently associated with prognosis. However, it is unclear whether preoperative inflammatory
biomarkers have a high efficacy in predicting the overall survival (OS) of unresectable HCC patients
following conversion therapy.

Nomograms have recently been used as an easy-to-operate predictive tool in HCC and have
compared favorably to traditional tumour staging systems[10,11]. However, studies focusing on inflam-
matory biomarkers for the prognosis of HCC treated with TACE following HR are rare. Therefore, the
aim of this study was to develop a conversion therapy model (CT model) that combined clinical factors,
tumour radiologic features, inflammation biomarkers and TACE strategy for prognosis in patients with
unresectable HCC successfully treated with conversion therapy. A browser-based calculator was
developed to conveniently help guide individualized follow-up. A precise estimation of OS prognosis
can assist clinical surgeons in selecting more appropriate therapeutic measures for recurrent patients
through risk-benefit analysis.

MATERIALS AND METHODS
Study population and design

This study was conducted in accordance with the Declaration of Helsinki and approved by the Institu-
tional Review Board of Ethical Committee of the Third Affiliated Hospital of Sun Yat-sen University
(No. [12023-027). Due to the retrospective design of this study, written informed consent from patients
was waived. Consecutive Chinese adult individuals with pathologically confirmed primary
unresectable HCC who were treated with TACE following HR in our institution from January 2011 to
July 2020 were enrolled. The inclusion criteria were as follows: (1) Age between 18 years and 80 years;
(2) pathologically proven HCC; and (3) unresectable HCC according to the Chinese expert consensus
and acceptance of TACE as the conventional therapy following HR[3]. The exclusion criteria were as
follows: (1) Extrahepatic metastasis; (2) history of other malignancies; (3) previous anticancer therapy;
(4) current or recent system infection disease and incomplete clinical data; and (5) death or loss to
follow-up within 30 d after resection. One hundred fifty patients from our center were included in this
study and randomly assigned to a training cohort (n = 120) and a validation cohort (n = 30). The flow
chart of patient selection is shown in Supplementary Figure 1.

Data collection and preoperative examination

For each patient, the following clinical parameters were collected: (1) Preoperative patient characteristics
(age, sex, factor of HCC, aetiology of HCC, ascites, and Child-Pugh class); (2) TACE technique [conven-
tional-TACE (cTACE) or drug eluting bead-TACE (DEB-TACE)] and number of TACE treatments; (3)
baseline laboratory data, including alpha fetoprotein (AFP) level, white blood cell count, haemoglobin
level, platelet count, neutrophil count, lymphocyte ratio, monocyte ratio, neutrophil ratio, aspartate
aminotransferase (AST) level, alanine aminotransferase level, GGT level, albumin (ALB) level, total
bilirubin level, blood urea nitrogen (BUN) level, serum creatinine level, urea level and prothrombin
time (PT); (4) inflammation biomarkers, including GPR, NLR, lymphocyte to monocyte ratio, prognostic
nutritional index, platelet to lymphocyte ratio (PLR), systemic immune inflammation index, neutrophil
times GGT-to-lymphocyte ratio, AST to platelet ratio index, AST to neutrophil ratio index, and AST (the
detailed formulas of inflammation biomarkers are summarized in Supplementary Table 1); (5) baseline
tumour radiologic features [tumour number, largest tumour diameter, tumour capsule, macrovascular
invasion (MVI)]; and (6) surgical factors (resection margin and blood transfusion).

TACE procedure and HR

The ¢cTACE or DEB-TACE procedure was performed according to our previously reported protocol[12].
Repeated TACE was implemented according to a multidisciplinary treatment board (consisting of
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interventional radiologists, liver surgeons, and medical oncologists) during the follow-up periods and
after in-depth discussion with the patient. HR was performed according to the liver surgeons’
assessment that the unresectable HCC had transformed into radically operable HCC. HR was
performed by clinicians who possessed more than ten years of experience in hepatectomy. Under
general anesthesia, HR was conducted through an L-shaped laparotomy or bilateral subcostal incision
with a midline extension. Intraoperative ultrasound (US) was performed as standard practice to assess
tumor burden, liver remnant, and resection margin[13]. Curative resection was defined as complete
remove of all tumor nodules with no residual tumor margin (RO resection), which was confirmed
through pathological examination.

Follow-up and assessment

All patients were monitored in the first month post HR, then at three-month intervals for the first two
years, and bi-annual assessments thereafter. During each follow-up, routine blood tests, liver function
tests, AFP and imaging examinations (abdominal contrast-enhanced magnetic resonance imaging and
computed tomography) were performed. Follow-up ended in July 2022. OS was described as the period
from the initial TACE treatment to death attributable to any cause, and patients alive at the end of
follow-up were recorded as censored.

Statistical analysis

The statistical analyses were conducted using R software (Version 4.2.1, http:/ /www.r-project.org).
Categorical variables are presented as n (%) and were compared using the chi-square test or Fisher’s
exact test. Continuous variables are reported as the mean + SD, compared by Student’s ¢ test, or median
(interquartile range, IQR), compared by the Mann-Whitney U test. We determined the optimal cut-off
value for continuous variables and inflammation biomarkers, except AFP and tumour diameter, based
on the outcome of OS among all patients, using the “surv_cutpoint” function form the “survminer” R
package. OS was calculated using the Kaplan-Meier method, and the log-rank test was used to construct
survival curves. Univariate and multivariate Cox proportional hazard regression were conducted to
select the independent factors of OS. All factors with P < 0.1 in univariate Cox regression were selected
for multivariate Cox regression. The nomograms were created using multivariate analysis in the
training cohort. The final model selection for the nomograms was determined by a backwards step-
down process with the Akaike information criterion.

The predictive performance was measured by the concordance index (C-index) and time-dependent
area under the curve (AUC). To assess the clinical utility of the nomogram, decision curve analysis
(DCA) was performed by quantifying the net benefits relative-e to six other conventional HCC staging
systems (including BCLC[14], American Joint Committee on Cancer Tumour-Node-Metastasis eighth
edition (AJCC TNM 8%)[15], China liver cancer staging (CNLC)[16], Japan integrated staging (JIS)[17],
Cancer of the Liver Italian Program (CLIP)[18] and Okuda staging system[19]). The total score of
nomogram was used to categorize patients into low-risk and high-risk groups using X-tile[20]. A 2-
sided P value of less than 0.05 in multivariate Cox regression was considered statistically significant.

RESULTS

Baseline characteristics

A total of 150 patients were recruited in this study and randomly divided into training (n = 120) and
validation (n = 30) cohorts in an 8:2 ratio. The baseline characteristics of patients in the training and
validation cohorts are summarized in Table 1. Among all patients, the mean age was 52.1 years (SD:
11.9), 128 (85.3%) patients were male, and 134 (89.3%) patients were HBsAg positive. Regarding TACE
techniques, a total of 100 (66.7%) patients received cTACE therapy. In terms of surgical aspects, a
resection margin larger than 1 cm was present in 133 patients (88.7%). Fifty-two patients (34.7%)
required a blood transfusion during the perioperative period. The median size of the largest intrahepatic
tumours was 62.5 mm (range: 10.0-191.0), and 100 (66.7%) were larger than 5.0 cm. More than half of the
patients (n = 96, 64.0%) were with solitary tumour. Tumour radiologic features showed that well-
defined tumour capsule, satellite nodules, and MVI were observed in 110 (73.3%), 36 (24.0%) and 68
(45.3%) patients, respectively. There were no statistically significant differences in baseline clinicopatho-
logical features between the training and validation cohorts.

Overall survival

In this study, the median follow-up was 31.5 (range: 4.0-112.0) months. The median survival of the
entire cohort was 54 [95% confidence interval (CI): 42-95] mo (Figure 1A). The 1-, 2-, and 3-year OS rates
for the training and validation cohorts were 87.5%, 49.3%, 44.2%, and 83.3%, 66.7%, 53.3%, respectively
(Figure 1B and C). There was no significant difference observed in OS between the training and
validation cohorts [mean OS 37.9 (range, 4-112) mo vs 38.0 (range, 5-93 mo, P = 0.7].
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Table 1 Demographics and clinical characteristics of hepatocellular carcinoma patients

Variables Training cohort (n = 120) Validation cohort (n = 30) Overall cohort (n = 150) P value
Patient factors
Age [yr, mean 51.5 (12.1) 54.4 (10.9) 52.1 (11.9) 0.419
(SD)]
Sex, male/female 104/16 (86.7% /13.3%) 24/6 (80.0%/20.0%) 128/22 (85.3%/14.7%) 0.526
Etiology, 109/11 (90.8%/9.2%) 25/5 (83.3%/16.7%) 134/16 (89.3%/10.7%) 0.39
HBV/other
Ascites, yes/no  20/100 (16.7% /83.3%) 7/23(23.3%/76.7%) 27/123 (18.0%/82.0%) 0.559
Child-Pugh, A/B  114/6 (95.0%/5.0%) 29/1 (96.7%/3.3%) 143/7 (95.3%/4.7%) 1
Laboratory parameters
AFP (ng/mL, < 68/52 (56.7%/43.3%) 15/15 (50.0% /50.0%) 83/67 (55.3%/44.7%) 0.652
200/> 200)
HGB [g/dL, 139 (72, 838) 139 (100, 162) 139 (72, 838) 0.714
median (min,
max)]
PLT [count, x 10° 197 (70, 950) 189 (97, 370) 192 (70, 950) 0.873
/L, median (min,
max)]
AST [U/L, 36.0 (2, 471) 33.0 (16, 251) 35.0 (2, 471) 0.925
median (min,
max)]
ALT [U/L, 34.0 (9, 423) 29.0 (12, 329) 34.0 (9, 423) 0.541
median (min,
max)]
ALB (g/L,<35/> 18/102 (15.0%/85.0%) 2/28 (6.7%/93.3%) 20/130 (13.3%/86.7%) 0.368
35)
TB [pmol/L, 125 (3.2,28.2) 12.9 (4.3, 30.9) 12.7 (3.2, 30.9) 0.996
median (min,
max)]
GGT [U/L, 59.5 (15, 435) 57.0 (22, 375) 59.0 (15, 435) 0.987
median (min,
max)]
BUN (mmol/L, < 109/11 (90.8%/9.2%) 26/4 (86.7%/13.3%) 135/15 (90.0%/10.0%) 0.734
6.7/>6.7(
Creatinine 77.6 (23, 218) 74.0 (43, 110) 77.0 (23, 218) 0.263
[pmol /L, median
(min, max)]
UA [pmol/L, 335 (172, 680) 329 (143, 572) 334 (143, 680) 0.899
median (min,
max)]
PT [s, median 13.6 (11.1, 16.5) 13.6 (12.1, 15.6) 13.6 (11.1, 16.5) 0.212
(min, max)]
Tumor factors
Tumor number  80/22/18 (66.7% /18.3%/15.0%) 16/7/7 (53.3%//23.3%/23.3%) 96/29/25 (64.0%/19.3%/16.7%)
(1/2/23)
Tumor size (cm,  39/81 (32.5%/67.5%) 11/19 (36.7%/63.3%) 50/100 (33.3%/66.7 %) 0.829
<5/>5)
MVI, yes/no 55/65 (45.8% /54.2%) 13/17 (43.3% /56.7%) 68/82 (45.3%/54.7%) 1
Tumor capsule,  29/91 (24.2%/75.8%) 11/19 (36.7%/ 63.3%) 40/110 (26.7%/73.3%) 0.249
ill-defined / well-
defined
Satellite nodules, 26/94 (21.7%/78.3%) 10/20 (33.3%/66.7 %) 36/114 (24.0%/76.0%) 0.272
yes/no
Surgical factors
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TACE (c- 79/41 (65.8%/34.2%) 21/9 (70.0%/30.0%) 100/50 (66.7% /33.3%) 0.829

TACE/DEB-

TACE)

Resection Margin 13/107 (10.8% /89.2%) 4/26 (13.3%/86.7%) 17/133 (11.3%/88.7 %) 0.949

(cm, <1/21)

Blood 38/82 (31.7%/68.3%) 14/16 (46.7%/53.3%) 52/98 (34.7%/65.3%) 0.184

transfusion,

yes/no

Conventional staging system

AJCC (I/11/11I) 42/20/58 (35.0%/16.7%/48.3%) 10/4/16 (33.3%/13.3% /53.3%) 52/24/74 (34.7%/16.0%/49.3%) 0.889

BCLC (A/B/C)  31/35/54 (25.8%/29.2% /45.0%) 10/7/13 (33.3%/23.3%/43.3%) 41/42/67 (27.3%/28.0% /44.7 %) 0.678

CNLC (I/11/10I)  47/19/54 (39.2%/15.8% /45.0%) 12/5/13 (40.0%/16.7% /43.3%) 59/24/67 (39.3%/16.0% /44.7 %) 1

Okuda (I/II/II)  65/54/1 (54.2%/45.0% /0.8 %) 15/15/0 (50.0% /50.0% /0%) 80/69/1 (53.3%/46.0% /0.7 %) 0.749

JIS(0/1/2/3/4) 1/42/55/21/1 0/10/12/8/0 1/52/67/29/1 0.716
(0.8%/35.0%/45.8% /17.5% /0.8 %) (0%/33.3%/40.0% /26.7%/0%) (0.7%/34.7%/44.7% /19.3% /0.7 %)

CLIP 27/28/35/21/9 7/7/9/4/3 34/35/44/25/12 0.962

0/1/2/3/4) (22.5%/23.3%/29.2%/17.5% /7.5%) (23.3%/23.3%/30.0%/13.3%/10.0%) (22.7%/23.3%/29.3%/16.7% /8.0%)

Inflammation index

GPR (£0.38/> 66/54 (55.0% /45.0%) 18/12 (60.0% /40.0%) 84/66 (56.0% /44.0%) 0.773

0.38)

LMR (£2.39/> 26/94 (21.7%/78.3%) 6/24 (20.0%/80.0%) 32/118 (21.3%/78.7%) 1

2.39)

NLR (£2.00/> 60/60 (50.0% /50.0%) 16/14 (53.3% /46.7 %) 76/74 (50.7% /49.3%) 0.903

2.00)

PLR (< 84.38/> 35/85(29.2%/70.8%) 13/17 (43.3%/56.7 %) 48/102 (32.0%/68.0%) 0.204

84.38)

NrLR (< 644.61/> 106/14 (88.3%/11.7%) 28/2(93.3%/6.7%) 134/16 (89.3%/10.7%) 0.643

644.61)

APRI (£0.30/> 91/29 (75.8%/24.2%) 20/10 (66.7%/33.3%) 111/39 (74.0% /26.0%) 0.429

0.30)

ANRI (£4.76/>  10/110 (8.3%/91.7%) 4/26 (13.3%/86.7 %) 14/136 (9.3%/90.7 %) 0.623

4.76)

ALRI (£41.96/> 97/23 (80.8%/19.2%) 24/6 (80.0%/20.0%) 121/29 (80.7%/19.3%) 1

41.96)

PNI (£52.62/> 93/27 (77.5%/22.5%) 22/8 (73.3%/26.7%) 115/35 (76.7%/23.3%) 0.809

52.62)

SII (<336.22/> 48/72 (40.0%/60.0%) 13/17 (43.3%/56.7 %) 61/89 (40.7%/59.3%) 0.901

336.22)

AFP: An alpha fetoprotein; HGB: Hemoglobin; PLT: Platelet; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl
transpeptidase; ALB: Albumin; TBIL: Total bilirubin; BUN: Blood urea nitrogen; UA: Uric acid; PT: Prothrombin time; MVI: Microvascular invasion; TACE:
Transarterial chemoembolization; cTACE: Conventional TACE; DEB-TACE: Drug-eluting beads TACE; GPR: Gamma-glutamyl transpeptidase to platelet
ratio; LMR: Lymphocyte to monocyte ratio; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; NrLR: Neutrophil times GGT-to-
lymphocyte ratio; APRI: Aspartate aminotransferase to platelet ratio index; ANRI: AST to neutrophil ratio index; ALRI: AST to lymphocyte ratio index;
PNI: Prognostic nutritional index; SII: Systemic immune-inflammation index.

Independent risk factors and development of the prognostic nomogram

Univariate and multivariate Cox regression analyses were performed in 120 patients from the training
cohort to determine the risk factors associated with OS (Supplementary Table 2). As previously
described, the optimal cutoff values for inflammation biomarkers were recorded (Supple-
mentary Table 3). Briefly, multivariate analysis identified that preoperative ALB level, BUN level, GPR,
PLR, MVI and tumour number were independent risk factors associated with OS (Figure 2). All of these
significant independent factors of OS were incorporated into the nomogram (Figure 3A). In addition, a
mobile online tool was built to facilitate clinical application, available at https://ctmodelforunresect-
ablehcc.shinyapps.io/DynNomapp/ (Figure 3B).
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Figure 1 Overall survival for unresectable hepatocellular carcinoma patients accepted conversion therapy. A: Entire cohort; B: Training cohort;

C: Validation cohort.
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Figure 2 Forest plot for multivariance cox analysis of overall survival in the training cohort. CI: Confident interval; MVI: Macrovascular invasion;
ALB: Albumin; BUN: Blood urea nitrogen; GPR: Gamma-glutamyl transpeptidase to platelet ratio; PLR: Platelet to lymphocyte ratio.

Validation of the prediction CT model
Bootstrapping with 1000 resamples in the primary training cohort revealed good predictive
performance for OS, resulting in a C-index of 0.752 (95%CI: 0.688-0.815). The AUC in predicting the 1-,
2-, and 3-year OS rates were 0.779 (95%CI: 0.0.646-0.912), 0.801 (95%CI: 0.693-0.908) and 0.839 (95%CI:
0.748-0.931) in the training cohort and 0.872 (95%CI: 0.682-0.951), 0.892 (95%CI: 0.753-0.974) and 0.876
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Figure 3 Conversion therapy model for unresectable hepatocellular carcinoma patients accepted conversion therapy. A: A constructed
nomogram for predicting 1-, 2-, 3-year overall survival; B: Screenshot of the online individualized prediction tool based on the overall survival nomogram model. OS:
Overall survival; MVI: Macrovascular invasion; BUN: Blood urea nitrogen; GPR: Gamma-glutamyl transpeptidase to platelet ratio; PLR: Platelet to lymphocyte ratio.

(95%CI: 0.727-0.962) in the validation cohort, respectively (Figure 4A and B). Accordingly, the C-index
in the validation cohort reached 0.807 (95%ClI: 0.705-0.908), while the calibration plot for the probability

of OS at1, 2, and 3 years depicted a favorable concordance between the predicted and actual outcomes
(Figure 4C).
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Figure 4 The receiver operating characteristic curves, calibration curve and decision curve analysis curves of the model. A and B: Receiver
operating characteristic for overall survival in the training (A) and validation cohort (B), respectively; C: Calibration curve plots of nomogram for predicting 1-year, 2-
year and 3-year probability of survival in the training cohort. OS: Overall survival; AUC: Area under the curve.
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Comparison of model predictive performance

The discrimination power of the nomogram and common staging systems were compared by the C-
index and time-dependent AUC (1, 2, and 3 years). In both the training and validation cohorts, the
predictive performance of the CT model was superior to that of the other six conventional HCC staging
systems (P < 0.01, Figure 5A and B, Supplementary Table 4). DCA indicated a good net benefit
compared with six other conventional HCC staging systems at 1, 2 and 3 years after conversion therapy
in the training cohort (Figure 5C-E).

Risk stratification based on nomogram scores and prognostic assessment

The patients were categorized into two groups based on their overall predictive risk score: Low risk
(score < 196) and high risk (score > 196). The distribution of clinical features and corresponding risk
scores in each patient are presented in Figure 6A. The OS curves exhibited significant discrimination
between the low-risk and high-risk groups among the entire (P < 0.001), training (P < 0.001) and
validation (P = 0.041) cohorts (Figure 6B-D). Additionally, given that inflammation biomarkers are
associated with postoperative prognosis, we found that high values of both GPR and PLR were
significantly correlated with worse prognostic outcomes in patients after conversion therapy. The low-
GPR group exhibited higher 1-, 2-, and 3-year OS rates compared to the high-GPR group (0.93, 0.69, and
0.54 vs 0.79, 0.55, and 0.36, P = 0.038). Similarly, the low-PLR group demonstrated greater 1-, 2-, and 3-
year OS rates in contrast to the high-PLR group (0.92, 0.73, and 0.58 vs 0.84, 0.58, and 0.40, P = 0.01)
(Figure 7A and B). Besides, individuals who exhibited MVI demonstrated an inferior prognosis in
contrast to those without vascular invasion (Figure 7C).

DISCUSSION

Conversion therapy is a new therapeutic strategy for individuals diagnosed with HCC at an advanced
stage and who may not initially be suitable for radical surgery. Several studies have shown that patients
with unresectable HCC who underwent conversion following surgical excision have a much longer OS
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Figure 5 Comparison of model predictive performance in predicting overall survival. A: Comparison of concordance index between conversion
therapy (CT) model and traditional staging systems in the training cohort; B: Comparison of time-dependent areas under receiver operating characteristic curve
between CT model and other staging systems in the training cohort; the decision curve analysis curve compared the clinical practicability of the CT model and other
six conventional hepatocellular carcinoma staging systems; C-E: 1-year (C), 2-year (D) and 3-year (E) survival benefit in the training cohort. AUC: Areas under
receiver operating characteristic curve; CT: Conversion therapy; CNLC: China liver cancer staging; CLIP: Cancer of the Liver ltalian Program; JIS: Japan integrated
staging; BCLC: Barcelona Clinic Liver Cancer; AJCC: American Joint Committee on Cancer.
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than those who received palliative treatments such as TACE[3,6,21]. Furthermore, 5-year survival rates
for patients with unresectable HCC after conversion therapy (25%-57%) are comparable to those for
patients with resectable HCC (30%-60%)[22]. Previous studies have developed prognostic models using
preoperative factors to predict postoperative outcomes of early-stage HCC patients after curative
resection that achieved good results[9-11], but it remains unclear in the CT model. In this study, we
developed and validated a CT model that could accurately predicts prognosis for patients with
unresectable HCC treated with TACE following HR.

The nomogram demonstrated great accuracy in predicting conversion therapy outcomes of patients
with unresectable HCC. The nomogram developed in our study achieved AUC of 0.779, 0.801, and 0.839
in the training cohort and 0.872, 0.892 and 0.876 in the validation cohort, which were superior to those of
the other six conventional HCC staging systems. DCA was also performed and revealed that the
nomograms have good clinical utility in patients with unresectable HCC who received the CT model.

Using the nomogram score, clinicians can classify unresectable HCC patients into low- and high-risk
groups. Effective postoperative therapeutic management and intensive clinical follow-up can be guided
for high-risk individuals following this strategy. Additionally, a web-based dynamic nomogram
provides a well-calibrated tool for predicting future clinical outcomes.
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Figure 6 A Heatmap presents the distribution of corresponding risk score and clinical feature in each patient within high and low risk groups. A: It shows that the patients in low-risk group have more favourable prognosis;
B-D: Kaplan-Meier survival curves for patients with low and high risk stratified by the total nomogram score in the entire cohort (B), training cohort (C), and validation cohort (D). 2P < 0.05, °P < 0.01, °P < 0.001 was considered significant. ALB: Albumin;

MVI: Macrovascular invasion; BUN: Blood urea nitrogen; GPR: Gamma-glutamyl transpeptidase to platelet ratio; PLR: Platelet to lymphocyte ratio; CNLC: China liver cancer staging; CLIP: Cancer of the Liver Italian Program; JIS: Japan integrated
staging; BCLC: Barcelona Clinic Liver Cancer; AJCC: American Joint Committee on Cancer.

The present study combined liver and renal function factors, tumour burden and inflammation
biomarkers (six significantly independent predictors: ALB, BUN, MVI, tumour number, GPR, and PLR)
to establish a more comprehensive model and construct a nomogram CT model that could accurately
predict the prognosis for patients with unresectable HCC after conversion therapy. Our findings are
consistent with research in previous HCC populations that lower ALB level, MVI presence and multiple
tumours were risk factors for long-term survival in patients with unresectable HCC with the CT model
[10,23-26].

In terms of clinical utility, the prediction ability of the CT model was significantly improved
compared with that of six conventional staging systems (AJCC TNM 8", CNLC, JIS, CLIP, Okuda, and
BCLC staging systems) in both the training and validation cohorts (Figure 5). The conventional staging
systems mainly contain factors that may only take certain aspects of the tumour into consideration.
Previous studies have noted that inflammatory biomarker combination scores have promising
prognostic values in predicting patient survival for different HCC stages in various therapeutic
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Figure 7 Kaplan-Meier survival curves for patients with different level of gamma-glutamyl transpeptidase to platelet ratio, platelet to

lymphocyte ratio, macrovascular invasion, and blood urea nitrogen in the entire cohort. A: Gamma-glutamy! transpeptidase to platelet ratio; B:
Platelet to lymphocyte ratio; C: Macrovascular invasion; D: Blood urea nitrogen.
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modalities[27,28], indicating that combining these potential indicators would greatly improve the
model’s predictive abilities. Meanwhile, the AUC for the prediction of the 1-, 2-, and 3-year OS rates
reached 0.755, 0.750, and 0.838 in the training cohort when we only used clinical information (MVI, ALB,
tumour number and BUN) to develop a model, and they were unable to perform robustly in the
validation cohort (Supplementary Figure 2). Hence, we constructed a nomogram CT model with clinical
information (ALB, BUN, MVI, tumour number) and inflammation biomarkers (PLR and GPR).

PLR and GPR have been reported to be risk indicators of prognosis for OS in previous studies[10,29].
Meanwhile, high GPR was also proven to be an independent risk factor for HCC development and
recurrence[30-32]. Our findings indicate that the high-PLR (> 84.38) and high-GPR (> 0.38) groups had
significantly lower 12-, 24-, and 36-mo survival rates. Since inflammatory factors in the tumor microen-
vironment are crucial for HCC therapies, this information can assist clinicians in devising follow-up
regimens and postoperative therapies for HCC patients at high or low risk of tumor recurrence after
hepatectomy.

We also found that BUN was an independent prognostic factor in this study. Renal function
impairment represents a clinically significant event in cirrhosis patients[33]. Preoperative renal
dysfunction with high levels of BUN may lead to the development of major complications such as
intractable ascites and spontaneous bacterial peritonitis (SBP). Moreover, the development of
hepatorenal impairment is strongly associated with circulatory dysfunction, which can lead to various
complications such as complicated or refractory ascites, SBP, hyponatremia and hepatorenal syndrome,
and a high risk of mortality[34]. In clinical practice, serum creatinine concentration is generally used to
assess kidney function in patients with liver diseases, which is also a major prognostic factor of cirrhosis
included in the Model for End-Stage Liver Disease. However, several reports have shown that BUN
levels have greater prognostic accuracy than serum creatinine concentrations[35-37]. In this study, our
findings also showed that high BUN levels were related to worse liver function stage and poor OS
outcomes (Figure 7D). Further research is needed to better understand this factor in advanced HCC and
better classify and manage patients after conversion therapy.

While this nomogram CT model performed well, we do acknowledge a few potential limitations to
this study. First, the nomogram was formulated based on a relatively small sample size obtained from
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our single institution, which unavoidably led to selection bias. Further prospective and multicenter
cohorts are required to evaluate its performance. Second, statistical power may be limited because
several routine clinical variables were not included in our study. Because our study was retrospective,
there were variations in performance score, body mass index, dosage and type of injected drugs during
TACE, as well as postoperative treatments, among patients. To further bolster our findings, it is
necessary to conduct larger and multicenter prospective cohorts. Hence, we will undertake additional
research that incorporates more complete clinicopathological information, treatment details, and
postoperative treatment modalities to improve the predictive performance of our model. Third, this
study was mainly based on HBV-infected patients. Our results may not be applicable in different
geographic regions and aetiologies. Fourth, systematic bioinformatic analyses were not included in this
nomogram, which showed excellent predictive ability for early-stage HCC patients[38,39]. We will
therefore develop a robust prognostic model that integrates both clinical parameters and multi-omics
biomarkers to facilitate an understanding of HCC from a biological perspective and contribute to
tailoring therapeutic strategies. Despite these limitations, we believe that our work is meaningful for
individualized management in HCC patients following conversion therapy.

CONCLUSION

We developed and validated a prognostic nomogram combined with inflammation biomarkers for
patients with unresectable HCC after conversion therapy. The proposed CT model shows increased
accuracy, good clinical utility, and better prognostic performance than conventional staging systems.
Furthermore, we have uploaded this prognostic nomogram online for free use (https://ctmodelforunre-
sectablehcc.shinyapps.io/ DynNomapp/).

ARTICLE HIGHLIGHTS

Research perspectives

Larger and multicentre prospective cohorts were required to further strengthen our results. We will
conduct further investigation that incorporates more complete clinicopathological information,
treatment details, and postoperative treatment modalities to improve the predictive performance of our
model.

Research conclusions

The nomogram achieved optimal individualized prognostication of OS in HCC patients who received
conversion therapy. It could be a useful clinical tool to help guide postoperative personalized
interventions and prognosis judgement.

Research results

Multivariate Cox analysis identified that albumin, blood urea nitrogen, gamma-glutamyl transpeptidase
to platelet ratio, platelet to lymphocyte ratio, macrovascular invasion and tumour number were the six
independent prognostic factors correlated with OS in nomogram model. The C-indices in the training
cohort and validation cohort were 0.752 and 0.807 for predicting OS, which were higher than those of
the six conventional HCC staging systems (0.563 to 0.715 for the training cohort and 0.458 to 0.571 for
the validation cohort). We have deployed the model into online calculators that are freely available at
https:/ / ctmodelforunresectablehcc.shinyapps.io/ DynNomapp/.

Research methods

All patients met the inclusion criteria were enrolled and divided into training and a validation cohort.
Using the independent risk factors in the training cohort, nomogram models were constructed to predict
OS for patients treated with transarterial chemoembolization following HR. The nomograms were
internally validated with the bootstrapping method. The predictive performance of the nomograms was
assessed by Harrell’s concordance index, calibration plot and time-dependent receiver operating charac-
teristic curves and compared with six other conventional HCC staging systems.

Research objectives
To develop a nomogram to help guide postoperative personalized interventions and prognosis
judgement.

Research motivation
To investigate the prognostic factors of overall survival (OS) in patients with unresectable HCC who
received conversion therapy.
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Research background

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the third leading cause of
cancer-related mortality worldwide. Hepatic resection (HR) is the best therapeutic option for patients
with early- and some intermediate-stage HCC. Unfortunately, the majority of Chinese patients with
HCC are diagnosed at intermediate or advanced stages with massive or multifocal lesions. HR is
possible for a minority of carefully selected patients with the help of a “conversion therapy” strategy,
which refers to conversion of an unresectable HCC to achieve adequate tumour shrinkage and
downstaging to undergo HR.
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