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Compared to overall survival, conditional survival is a more relevant measure of prognosis in surviving 
patients over time. This study developed and validated a nomogram-based dynamic prognostic model 
to predict the conditional survival estimates of patients with hepatocellular carcinoma (HCC) through 
an analysis of a nationwide cancer registry. This retrospective cohort study included 2492 patients 
with HCC registered in the Korea Liver Cancer Registry. Patients underwent hepatic resection (HR) 
from 2008 to 2017, were followed up until December 2019, and were divided into development and 
validation cohorts. Univariate and multivariate Cox regression analyses were conducted to determine 
the risk factors for conditional survival of patients who underwent HR. The patients were scored 
based on the Cox regression coefficients; the nomogram was predicted by calculating the survival 
probability with Cox model. Our dynamic prognostic model nomogram for predicting conditional 
overall survival demonstrated Harrell’s C-index of 0.622 and 0.674 in the development and validation 
sets; for conditional disease-specific survival, it was 0.623 and 0.686 in the development and validation 
sets. The prediction power of the model is applicable in clinical practice. Factors incorporated in our 
nomogram included age, albumin, the ADV score, lymph node metastasis, and T stage in American 
Joint Commission on Cancer staging system. We developed and validated a nomogram to predict 
conditional survival estimates for overall survival and disease-specific survival. The proposed 
nomogram incorporating the ADV score presents a more accurate and useful prognostic prediction for 
patients with HCC who received HR.
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HCC	� Hepatocellular carcinoma
HR	� Hepatic resection
KCCR	� Korea Central Cancer Registry
KLCR	� Korea Liver Cancer Registry
OS	� Overall survival
ROC curve	� Receiver operating characteristic curve

Primary liver cancer, of which hepatocellular carcinoma (HCC) accounts for 75–85% of cases, is the sixth most 
diagnosed cancer and the third leading cause of cancer-related death worldwide1,2. Hepatic resection (HR) is the 
standard and first-line treatment for HCC in patients with preserved hepatic reservoirs. The practice guidelines 
for HCC recommend liver resection as the treatment of choice for single- or limited-numbered HCC without 
significant cirrhosis or portal hypertension3,4. However, tumor recurrence occurs frequently and unpredictably 
after HR. In contrast to other solid-organ tumors, the survival of patients with HCC is affected by other factors 
beyond the tumor characteristics. HCC usually occurs in patients with chronic liver disease and liver cirrhosis; 
thus, functional reserve of the liver significantly impacts patient survival, including overall survival (OS) and 
HCC recurrence.

Treatment modalities for the recurrence of HCC also vary depending on the tumor burden and the functional 
reserve of the liver. Therefore, patient survival prediction is quite difficult, especially due to the heterogeneity of 
patients’ clinical course. In this situation, conditional survival (CS), survival beyond a pre-defined time interval, 
can identify and integrate the comorbidities and risk factors related to survival and recurrence for real-world 
prognostic values in the survivorship setting. The conventionally used OS is a relatively static concept and 
does not reflect the impact of changing variables. The concept of CS estimates applies this heterogeneous and 
changeable patient status and determines the probability that a patient who has survived for a designated period 
will be alive at another fixed interval5. Until now, the CS analyses performed in patients with HCC were limited 
and some studies focused on specific patient types, including a focus on patients with cirrhosis or patients 
treated with radiofrequency ablation6–11.

We previously demonstrated that the score derived from the multiplication of alpha-fetoprotein (AFP), 
des-gamma-carboxyprothrombin (DCP) (proteins induced by vitamin K antagonist or absence-II), and tumor 
volume (TV) (AFP–DCP–TV score or, simply, ADV score) is an integrated surrogate marker of postresection 
prognosis in solitary HCCs and a quantifiable parameter reflecting tumor aggressiveness12. It was also proven 
to be valid in patients with preoperatively treated HCCs13. The prognostic role of the ADV score for HCC 
resection has been validated in single-center and multicenter studies and nationwide HCC databases in various 
conditions, including small and large solitary HCC, as well as HCC with portal vein tumor thrombus12–16.

No prior studies have described the development of a nomogram specifically to predict CS in patients with 
HCC. This study aimed to develop and validate a dynamic prognostic model for patients with HCC who received 
HR and were registered in the Korea Liver Cancer Registry (KLCR) database. The objective was to make a clinical 
nomogram for CS in these patients by applying the predictive power of the ADV score. The clinical nomogram 
could be used in clinical settings to provide more accurate prognostic information to patients and their families.

Patients and methods
Patient selection
The Ministry of Health and Welfare of Korea initiated a nationwide cancer registry in 1980 called the Korea 
Central Cancer Registry (KCCR). In concordance with the KCCR, the Korean Liver Cancer Association, 
previously known as the Korean Liver Cancer Study Group, established the KLCR as a nationwide HCC cohort.

Clinical data for 13,838 patients with HCC who were registered in the KLCR database from January 2008 
to December 2017 and followed up with the KCCR until December 2019 were reviewed. The information of 
2648 patients who underwent HR was extracted. We excluded patients with missing data on important clinical 
or laboratory parameters, including tumor size and number and preoperative AFP and DCP values. We also 
excluded patients who underwent liver transplantation after HR because transplantation can change the 
postresection prognosis. Finally, we selected 2,492 patients as the entire study cohort.

This study was approved by the Institutional Review Board of Hallym University Sacred Heart Hospital (IRB 
No. 2021-07-019) and complied with the tenets of the Declaration of Helsinki. The same review board waived 
the requirement for informed consent because of the retrospective nature of the analyses.

Study design/cohort definition and variable recode
To analyze conditional survival, we evaluated 2-year and 3-year overall survival (OS) and disease-specific 
survival (DSS) probabilities among patients who survived at least 1 year after hepatic resection. The patients 
were divided into the development and validation cohorts according to the year of diagnosis: 2008–2015 
(development cohort) and 2016–2017 (validation cohort). The development cohort was used to extract the 
significant variables for survival outcomes and establish the nomogram model. The validation cohort was used 
to validate the performance of the developed model. The following variables from the KCCR database were 
included: age at diagnosis, sex, body mass index, smoking history, primary liver disease, performance status, 
albumin, total bilirubin, prothrombin time, creatinine, alanine aminotransferase, AFP, DCP, fasting glucose, 
cholesterol, tumor size and number, Child–Turcotte–Pugh score, model for end-stage liver disease score, 
indocyanine green retention rate at 15 min, TNM stage, Barcelona Clinic Liver Cancer stage, microvascular 
invasion, and presence of major hepatic vessel invasion and bile duct invasion. We incorporated the ADV score 
(calculated as AFP [ng/mL] × DCP [mAU/mL] × TV [mL] and expressed in log10) into the prediction model. 
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The ADV score was calculated from the existing data. TV was calculated from the maximal tumor diameter 
under the assumption that the tumor is spherical.

Prediction models and nomograms
We conducted univariate and multivariate Cox analyses to determine the risk factors for CS of patients with 
HCC, scored based on the Cox regression coefficients. We predicted the nomogram by calculating the survival 
probability with the Cox model.

Statistical analysis
Descriptive statistics for numerical variables were recorded as mean ± standard deviation or median with 
interquartile range, and categorical variables were presented as relative frequencies (percentages). Missing data 
were handled with multiple imputation using Markov chain Monte Carlo methods. In the development set, 
univariate and multivariable Cox proportional hazards models were used to predict the overall survival (OS) 
and disease-specific survival (DSS) of patients who survived for more than 1 year after surgery. Variables in the 
multivariable model were selected from all variables through 1000-fold bootstrapping, retaining those included 
in over 50% of the bootstrap models with backward elimination. The multivariable model was presented as 
a nomogram. The discrimination ability of the nomogram was assessed using the Harrell C-index and time-
dependent area under the receiver operating characteristic curve (AUC) at 2 and 3 years. The calibration ability 
of the nomogram was assessed using a calibration curve by comparing the predicted and observed Kaplan–
Meier estimates of OS at 2 and 3 years. Furthermore, to evaluate calibration of the nomogram, we stratified 
patients into ten risk groups based on predicted survival probabilities. The mean predicted survival within each 
group was compared to the actual observed survival, which was estimated through Kaplan-Meier method. The 
discrimination and calibration of the nomogram were evaluated in the validation set using the same method 
described above. Patient survival (including OS and DSS) was estimated using the Kaplan–Meier method. 
P < 0.05 indicated statistical significance. All statistical analyses were performed using SAS software (version 9.4; 
SAS Institute, Cary, NC) and R (version 4.2.2; https://www.R-project.org).

Results
Patient demographics and clinical characteristics
A total of 2492 patients were included in this study and divided into the development cohort (n = 2107, from 
2008 to 2015) and validation cohort (n = 385, from 2016 to 2017 as temporal validation). Table 1 summarizes 
the patients’ demographic and clinical characteristics. The mean age was 57.6 ± 10.5 years, with a predominance 
of male patients (80.5%). The average body mass index was 24.2 ± 3.1 kg/m2. Nearly half of the patients had a 
history of smoking (44.8%), whereas 21.5% had diabetes mellitus, and 35.3% had hypertension. The primary liver 
disease was predominantly hepatitis B virus infection (69.8%), followed by alcohol-related liver disease (10.0%) 
and hepatitis C virus infection (5.9%). Performance status, measured using the Eastern Cooperative Oncology 
Group (ECOG) scale, was 0 in 87.6% of patients17. The mean Child–Turcotte–Pugh score was 5.2 ± 0.6, and the 
Model for End-Stage Liver Disease score was 8.0 ± 2.5.

The tumor characteristics and ADV scores of the patients are detailed in Table 2. Laboratory results revealed 
a median AFP level of 20.5 ng/mL (interquartile range: 4.6–232.0) and a median DCP level of 69.5 mAU/mL 
(interquartile range: 26.0–439.0). The mean maximal tumor size was 4.4 ± 3.1 cm, with an average tumor number 
of 1.2 ± 0.7. Most patients had a single tumor (84.8%), and 15.2% had multiple tumors. The mean tumor volume 
was 210.3 ± 913.9 mL. The mean ADV score, expressed in log10, was 5.11 ± 2.13.

Survival outcomes of the entire study population
The OS rates of the development and validation cohorts at 2 and 3 years were 91.5 and 93.2% and 84.0 and 
86.9%, respectively (Fig. 1). The DSS rates of the development and validation cohorts at 2 and 3 years were 92.4 
and 94.3% and 85.6 and 88.4%, respectively. There were no significant differences in OS and DSS between the 
development and validation cohorts (P = 0.060 and P = 0.071, respectively; Fig. 1).

Nomogram variable screening and nomogram construction
The prognostic nomogram for conditional OS and DSS was developed based on univariate and multivariate Cox 
regression results (Supplementary Tables 1 and Table 3). The prognostic nomogram of 2-year and 3-year survival 
probability consists of the following independent prognostic factors: age, albumin, N stage, T stage, and ADV 
score (Fig. 2). Each level of these variables was assigned a specific point on the scale. The total score was obtained 
by adding the scores of each prognostic factor to estimate the CS probability of patients at 2 and 3 years.

Performance and validation of the nomogram
The constructed CS nomogram for OS demonstrated a Harrell’s C-index of 0.622 (95% CI: 0.592–0.652) in the 
development set and 0.674 (95% CI: 0.601–0.747) in the validation set. For conditional DSS, the Harrell’s C-index 
was 0.623 (95% CI: 0.591–0.655) in the development set and 0.686 (95% CI: 0.606–0.765) in the validation set.

To assess the discriminatory performance of the nomogram, we conducted time-dependent receiver 
operating characteristic (ROC) curve analysis and calculated the time-dependent AUC for 2-year and 3-year 
conditional survival, presented in Fig. 3. For 2-year conditional OS, the time-dependent AUC was 0.642 (95% 
CI: 0.601–0.683) in the development set and 0.665 (95% CI: 0.566–0.764) in the validation set. For 3-year 
conditional OS, the AUC was 0.636 (95% CI: 0.604–0.669) and 0.681 (95% CI: 0.601–0.760) in the development 
and validation sets, respectively. Similarly, for 2-year conditional DSS, the time-dependent AUC was 0.651 
(95% CI: 0.608–0.695) in the development set and 0.684 (95% CI: 0.574–0.794) in the validation set. The 3-year 
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conditional DSS AUC was 0.638 (95% CI: 0.603–0.672) in the development set and 0.691 (95% CI: 0.605–0.778) 
in the validation set.

We constructed calibration plots to compare the nomograms with ideal reference curves. The calibration 
curves demonstrated good agreement between the observed and predicted survival probabilities of 2- and 3-year 
OS and DSS in the development and validation cohorts (Fig. 4).

The risk-stratified calibration table, demonstrating the agreement between predicted and observed survival 
probabilities for conditional OS, is presented in Table 4, and for conditional DSS in Table 5.

Discussion
This retrospective study included nationwide consecutive patients with HCC who underwent HR to develop a 
dynamic nomogram to predict the conditional OS and HCC-specific survival. The prognosis of patients with HCC 
is associated with the intrinsic tumor biology and the functional reserve of the liver. Various additional factors 
not accounted for in traditional staging systems, including background etiology of liver disease, tumor markers, 
pathological subtypes, microvascular invasion, and invasion of vessels or bile ducts, can significantly impact 
the prognosis of patients with HCC18–20. Unlike other solid organ malignancies, which are typically classified 
using the AJCC TNM staging system for prognostic predictions, the optimal staging system encompassing the 
factors mentioned above has yet to be established. Consequently, staging systems for HCC are both diverse and 
complex21–23. The diversity of staging systems highlights the challenge of achieving optimal prognostication, 
underscoring the need for continued investigation of various approaches.

n = 2492

Age (years) 57.6 ± 10.5

Sex (male) 2005 (80.5)

BMI (kg/m2) 24.2 ± 3.1

Smoking history 1117 (44.8)

Diabetes mellitus 536 (21.5)

Hypertension 880 (35.3)

Primary liver disease

 HBV 1740 (69.8)

 HCV 148 (5.9)

 HBV HCV 21 (0.8)

 Alcohol 248 (10.0)

 Others/unknown 335 (13.4)

Performance status*

 0 2181 (87.6)

 1 283 (11.4)

 ≥ 2 27 (1.1)

CTP score 5.2 ± 0.6

MELD 8.0 ± 2.5

MELD-Na 8.8 ± 3.0

Laboratory results

Albumin (g/dL) 4.2 ± 0.5

Total bilirubin (mg/dL) 0.92 ± 0.96

PT (%) 91.4 ± 13.6

PT (INR) 1.07 ± 0.12

Creatinine (mg/dL) 0.94 ± 0.65

Sodium (mmol/L) 140.0 ± 2.8

ALT (IU/L) 45.1 ± 59.8

Platelet (×103/uL) 173.5 ± 70.1

ICG R15 (%) 12.2 ± 8.7

Fasting glucose (mg/dL) 120.1 ± 43.9

Total cholesterol (mg/dL) 165.3 ± 37.4

Table 1.  Demographics and clinical characteristics of patients. *Performance status (PS) according to the 
Eastern Cooperative Oncology Group (ECOG) scale. ALT alanine aminotransferase, AFP alpha-fetoprotein, 
BMI body mass index, CCC cholangiocarcinoma, CTP Child-Turcotte-Pugh score, DCP des-gamma-
carboxyprothrombin, HBV hepatitis B virus, HCC hepatocellular carcinoma, HCV hepatitis C virus, ICG R15 
indocyanine green retention rate at 15 min, INR international normalized ratio, MELD model for end-stage 
liver disease, MELD-Na MELD-Sodium (MELD which including serum sodium), PT prothrombin time.
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The complexity of prognostication in HCC is further compounded by the interplay of tumor biology, liver 
functional reserve, and tumor location, all of which influence treatment selection. Each of these factors, including 
the choice of treatment, acts as a variable that impacts prognosis. Furthermore, treatment modalities for HCC 
are highly variable, influenced by tumor characteristics and the patient’s functional liver reserve, ranging 
from surgical resection and transplantation to local therapies, such as radiofrequency ablation, transarterial 
chemoembolization, systemic chemotherapy, and radiation therapy. Each of these treatment options carries 
distinct prognostic outcomes, further contributing to the dynamic nature of HCC prognosis. As a result, 
predicting outcomes in HCC becomes a multifaceted and intricate process that extends beyond the capabilities 
of traditional staging systems. Accurately predicting recurrence following hepatectomy remains a significant 
clinical challenge. Attributed to advancements in early detection and surgical and interventional techniques 
with the development of antiviral agents, the OS and DSS of patients with HCC have improved over time in 
the past decades18,24. Traditional staging systems, which provide prognosis based on diagnostic staging, are 
inherently static. However, patient outcomes are dynamic, evolving in response to treatment. This dynamic 
nature of prognosis reveals the limitations of conventional staging methods. The concept of CS addresses these 
needs by offering a more refined and precise understanding of patient prognosis over time.

Oncologic outcomes were traditionally estimated as 5-year OS or DSS from the time of initial diagnosis 
or curative treatment. These survival data are valuable for counseling patients during their initial visits and 

n = 2492

Laboratory results

AFP (ng/mL) 20.5 (4.6–232.0)

DCP (mAU/mL) 69.5 (26.0-439.0)

Pathologic results

Maximal tumor size (cm) 4.4 ± 3.1

Number of tumor 1.2 ± 0.7

Number of tumor

 Single 2113 (84.8)

 Multiple 379 (15.2)

Tumor volume (mL) 210.3 ± 913.9

ADV score (log10) 5.11 ± 2.13

Microvascular invasion 388 (15.6)

Histology

 HCC 2476 (99.4)

 HCC-CCC 16 (0.6)

PV invasion 153 (6.1)

HV invasion 37 (1.5)

Bile duct invasion 56 (2.3)

HA invasion 7 (0.3)

LN metastasis 12 (0.5)

Distant metastasis 11 (0.4)

Preoperative treatment 200 (8.0)

T stage

 1 364 (14.6)

 2 1685 (67.6)

 3 400 (16.1)

 4 43 (1.7)

TNM stage

 I 364 (14.6)

 II 1675 (67.2)

 III 391 (15.7)

 IV-A 62 (2.5)

BCLC stage

 0 150 (6.0)

 A 1621 (65.1)

 B 332 (13.3)

 C 381 (15.3)

 D 5 (0.2)

Table 2.  Tumor characteristics of patients. BCLC Barcelona Clinic Liver Cancer, HA hepatic artery, HV 
hepatic vein, LN lymph node, PV portal vein.
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comparing outcomes across various therapeutic modalities. However, they provide limited information about 
how risk changes over time. For cancers with notably high early recurrence rates, conventional recurrence-free 
survival estimates are only relevant at initial presentation and lose their accuracy and significance over time. 
With these conventional survival estimates, even patients who remained recurrence-free for a certain period 
were still considered at high risk for tumor recurrence or mortality if they were initially classified as high-risk. 
Recurrence-free CS outcomes were improved with each additional year of recurrence-free survival in patients 
with HCC who underwent HR6.

In recent years, the nomogram has become a widely utilized predictive tool in the field of oncology. Several 
studies have demonstrated the utility of nomograms across various cancer types25–28. These nomograms provide 
clinicians with an efficient and reliable tool for predicting patient prognosis. Several studies on nomograms for 
prognosis and CS estimates in HCC are available; however, to our knowledge, this is the first analysis to develop 
a nomogram specifically designed to predict CS in patients with HCC. The nomogram developed in the present 
study was designed to predict CS, offering a robust tool for estimating the dynamic prognosis of patients with 
HCC following HR. This nomogram demonstrates significant clinical utility by integrating multiple prognostic 
factors to provide individualized survival estimates, thereby aiding in the optimization of treatment strategies 
and improving patient outcomes.

Prognostic factors included in the nomogram of our study included age, albumin, ADV score, T stage and 
node metastasis. Albumin, a key indicator of liver function, demonstrates that tumor factors and liver function 
significantly impact conditional OS and DSS. The ADV score has demonstrated robust prognostic utility across 
diverse clinical scenarios in HCC12–16,29,30. This metric provides complementary prognostic information to 
the AJCC staging system, as each captures distinct aspects of disease burden: the ADV score quantifies tumor 
biology through tumor markers and volumetric assessment, while AJCC staging evaluates invasion patterns 
and conventional size metrics. The observed independent prognostic significance of both T stage and ADV 

Overall survival Disease-specific survival

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

Age (years) 1.003 (0.993–1.014) 0.528 1.003 (0.992–1.014) 0.562

Albumin 0.708 (0.577–0.869) 0.001 0.744 (0.598–0.925) 0.008

ADV score 1.109 (1.053–1.168) <0.001 1.113 (1.054–1.176) <0.001

LN metastasis 3.246 (1.425–7.392) 0.005 3.627 (1.589–8.279) 0.002

T stage

 1 1 0.015 1 0.016

 2 0.979 (0.671–1.427) 0.911 1.101 (0.726–1.668) 0.651

 3 1.525 (0.991–2.348) 0.055 1.680 (1.048–2.693) 0.031

 4 1.141 (0.509–2.555) 0.749 1.389 (0.607–3.176) 0.437

Table 3.  Multivariate Cox analyses for patient 1-year conditional overall survival (OS) and disease-specific 
survival (DSS).

 

Fig. 1.  (a) Overall survival (OS) of the development and validation cohorts. (b) Disease-specific survival 
(DSS) of the development and validation cohorts.
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score in our multivariate analysis, despite their shared incorporation of tumor size metrics, validates their non-
redundant contributions to outcome prediction. This finding, combined with the demonstrated importance of 
age and hepatic functional parameters in CS, supports our nomogram’s comprehensive approach to dynamic 
risk stratification in post-resection HCC patients.

Despite the significant contributions of our study, several limitations should be acknowledged. First, our 
analysis was based on public data from the KLCR. Although this database provides a comprehensive and valuable 
resource for research, it is subject to inherent limitations of public datasets, including potential inaccuracies in 
data entry and variations in data collection methods across different institutions. Additionally, public datasets 
often lack detailed information on certain clinical variables that could be relevant to the study outcomes. Second, 
the presence of missing values in the dataset could introduce bias, and the imputation methods used may not 
fully replicate the missing information. Third, the exclusive inclusion of the study population with Korean 
patients may limit the generalizability of our findings to other ethnic and racial groups.

In conclusion, in this study, we developed and validated the nomogram to predict CS estimates for OS and 
DSS. The proposed nomogram incorporating the ADV score presents a more accurate and useful prognostic 
prediction that can be applied in real-world clinical practice for patients with HCC who undergo HR. Additional 

Fig. 2.  (a) Nomogram for calculating overall 2-year and 3-year conditional survival predictions conditional 
after 1 year of survival. (b) Nomogram for calculating disease-specific 2-year and 3-year conditional survival 
predictions conditional after 1 year of survival.
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studies are required to evaluate the potential generalizability of the nomogram to patients with HCC from other 
countries and regions.

Fig. 3.  Time-dependent AUC for conditional overall survival (OS) in the (a) development set and (b) 
validation set. Time-dependent AUC for conditional disease-specific survival (DSS) in the (c) development set 
and (d) validation set.
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Fig. 4.  Calibration curve for conditional OS prediction in the (a) development set and (b) validation set. 
Calibration curve for conditional DSS prediction in the (c) development set and (d) validation set.
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Data availability
The data that support the findings of this study are available from the Korean Liver Cancer Association (KLCA) 
but restrictions apply to the availability of these data, which were used under license for the current study. Data 
are available from the corresponding author, Jae Hyun Kwon, MD (ponakwon@gmail.com; kwonjh@hallym.
or.kr), upon reasonable request and with permission from the KLCA. Data requests may also be submitted to 
the KLCA directly (klca@livercancer.or.kr).
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