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Abstract
This retrospective study investigated the predictive value of the Controlling Nutritional Status (CONUT) score in patients with intermediate-stage
hepatocellular carcinoma (HCC) who received transarterial chemoembolization (TACE). Nomograms were developed to predict progression-
free and overall survival (PFS, OS). The medical data of 228 patients with HCC and treated with TACE were collected. The patients were appor-
tioned to 2 groups according to CONUT score: low or high (<4, ≥4). Univariate and multivariate analyses were performed using Cox regression
for OS and PFS. OS and PFS were estimated by the Kaplan-Meier curve and compared with the log-rank test. Nomograms were constructed to
predict patient OS and PFS. The nomograms were evaluated for accuracy, discrimination, and efficiency. The cut-off value of CONUT score was
4. The higher the CONUT score, the worse the survival; Kaplan-Meier curves showed significant differences in OS and PFS between the low and
high CONUT score groups (P = 0·033, 0·047). The nomograms including CONUT, based on the prognostic factors determined by the univariate
andmultivariate analyses, to predict survival in HCC after TACEwere generated. The CONUT score is an important prognostic factor for both OS
and PFS for patients with intermediate HCC who underwent TACE. The cut-off value of the CONUT score was 4. A high CONUT score suggests
poor survival outcomes. Nomograms generated based on the CONUT score were good models to predict patient OS and PFS.
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Hepatocellular carcinoma (HCC) is themost frequently observed
liver cancer and the fourth leading cause of cancer-associated
death worldwide(1). Treatment options for HCC include surgical
resection, liver transplantation, tumour ablation, transarterial
chemoembolisation (TACE) and systemic therapies (sorafenib
and lenvatinib)(2,3). Treatment strategies are suggested according
to the specific stage of HCC(4). Intermediate-stageHCC is defined
as multinodular, unresectable, with preserved liver function and
without vascular invasion or extrahepatic metastasis. For
patients with intermediate-stage HCC, the Barcelona Clinic
Liver Cancer algorithm and European Association for the
Study of the Liver guidelines recommend TACE as the only
first-line treatment(2,5). TACE is minimally invasive and has fewer
complications for patients with HCC.

Important prognostic factors for HCC include Child-Pugh
score, α-fetoprotein (AFP), tumour size, tumour number and
tumour location(6–8). These factors mainly focus on the status
of the tumours and liver function. In addition, the Controlling
Nutritional Status (CONUT) score is a validated prognostic
predictor in patients with HCC after surgical resection(9–12).
The CONUT score is a screening tool to assess the nutritional sta-
tus of patients, based on serum albumin (ALB), total cholesterol
and lymphocyte counts. Our previous studies also found that the
CONUT score is an important indicator for the prognosis of
patients with early-stage HCC who had undergone radiofre-
quency ablation(13,14). However, it has not been determined
whether the CONUT scoremay indicate the prognosis of patients
with intermediate-stage HCC treated with TACE.
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We hypothesised that the CONUT score has predictive value
in patients with intermediate-stage HCC who received TACE.
To develop convenient and effective prognostic predictionmod-
els for patientswith intermediate-stageHCCwho received TACE,
the present retrospective study evaluated the predictive value of
the CONUT score, and nomograms were developed to predict
PFS and OS.

Methods

The Ethics Board of the National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital College, Chinese
Academy of Medical Sciences College and Peking Union
Medical College (approval number: NCC2019KZ-010) approved
this retrospective study. As the study was retrospective and with
anonymous characteristics, the need for informed consent from
each patient was waived. The relevant medical data were
reviewed from records at the National Cancer Center/National
Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical
College.

Patients

Patients with confirmed HCC from January 2015 to January 2020
were screened. The diagnosis of HCC was based on non-
invasive criteria or image-guided cut biopsy. The non-invasive
diagnostic criteria for HCC, based on the European
Association for the Study of the Liver guidelines, were as follows:
patients had a background of cirrhosis; tumour diameter≥ 1 cm
and arterial hypervascularisation with venous or delayed phase
washout observed via four-phase multi-detector CT or dynamic
MRI(15–17). The criteria for inclusion were a diagnosis of
intermediate-stage HCC (> 3 tumours, or≥ 2 tumours if
any> 3 cm, without vascular invasion and extrahepatic
metastasis); TACE as the first-line treatment; Eastern
Cooperative Oncology Group Performance Status score of
0 to 1(18,19) and class A Child-Pugh score(20).

Patients with any of the following were excluded: received
other treatments before TACE (including hepatectomy, liver
transplantation, tumour ablation or systemic therapy), with acute
infection or a follow-up time< 12 months.

Transarterial chemoembolisation procedure

TACE procedures were conducted under local anaesthesia with
the guidance of digital subtraction angiography, by clinicians
with ten years’ experience. After punctuation of the femoral
artery, the hepatic artery was cannulated selectively with a 5F
catheter (RH catheter; Cook, Bloomington). To find all the
arteries supplying the tumours, angiography of the superior
mesenteric artery, phrenic artery and internal thoracic artery
was performed as necessary. After identifying all the supplying
arteries, the catheter was super-selected to the supplying artery
of the tumours. Selective catheterisation was performed using 3F
microcatheters (Progreat; Terumo). Iodised oil (Lipiodol) mixed
with epirubicin (50 mg/m2) was used to embolise tumour-
feeding arteries. Gelatin sponge particles were used to
re-embolise, depending on the tumour situation. The endpoint

of embolisation was the disappearance of the target vessels
observed by digital subtraction angiography. The TACE
procedure was repeated one month later.

Follow-up protocol

The follow-up examination was performed every month after
TACE treatment until May 2021. The examinations during
each follow-up visit included laboratory tests, multidetector
CT abdomen or dynamic MRI and chest CT. The laboratory tests
comprised the following: total serum bilirubin, ALB, aspartate
aminotransferase, alanine aminotransferase, prothrombin time
and serum AFP levels.

Primary outcomes

The primary outcomes included PFS and OS. PFS was defined as
the time from first TACE procedure to tumour progression or
death. Tumour progression was an increase in tumour diameter
of 25 % from baseline, deterioration of liver function to Child-
Pugh C, macrovascular invasion or extrahepatic metastasis(21).
OS was considered the time from the first TACE procedure to
death or the last follow-up.

Sample size assessment

To assess a sample size with adequate statistical power, it was
assumed that there might be up to eight covariates in the final
logistic regression model and that a minimum of 160 patients
(8 covariates × 20) with the outcome of death during the
following-up period were needed(22). For this study, patients
were collected with available long-term follow-up results for
the past 8 years in our centre. According to the 7-year mortality
reported in a previous study, 190 patients or more might
be needed (160/0·84= 190)(23). To increase the study power,
all eligible patients in our records were included in the analysis
finally.

Data collection

The collected data included the demographic and clinical char-
acteristics of the study population: age; gender; maximum
tumour diameter and number; degree of encephalopathy; ascites
status; hepatitis B virus infection ratio; prothrombin time, AFP,
aminotransferase, aminotransferase, ALB and total serum
bilirubin levelsand tumour progression data. The time to
progression and time to death or the last follow-up were
recorded.

Calculation of scores

The CONUT score was the summation of scores for serum ALB
concentration, peripheral lymphocyte count and total
cholesterol concentration of fast blood samples collected within
one week before TACE, which were determined as follows: ALB
concentrations≥ 3·5, 3·0–3·49, 2·5–2·99 and≤ 2·5 g/dl were
scored 0, 2, 4, 6, respectively; cholesterol concentrations≥ 180,
140–179, 100–139 and≤ 100 mg/dl were scored 0, 1, 2, 3 and
total lymphocyte counts≥ 1600, 1200–1599, 800–1199 and≤
800/mm3 received scores of 0, 1, 2, 3. Five variables (including
BIL, ALB, prothrombin time, ascites status and degree of
encephalopathy) were used to calculate the Child-Pugh
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score(24). The albumin-bilirubin score was calculated as
–0·085 × (ALB g/l)þ 0·66 × ln (total serum bilirubin μmol/l)(25).

Statistical analysis

Cut-off points of the CONUT score were calculated based on the
maximum Youden index (sensitivityþ specificity – 1) point on
the time-dependent receiver operating characteristic curve for
the prediction of OS and PFS(26). Univariate and multivariate
analyses were performed using a Cox regression for OS and
PFS. OS and PFS were estimated by the Kaplan–Meier curve
andwere comparedwith the log-rank test. The nomogramswere
established to predict OS and PFS according to the results of Cox
regression analysis. The accuracy and discrimination of the
nomograms were evaluated by calibration and concordance
index (C-index). The time-dependent area under the receiver
operating characteristic curve (t-area under curve (AUC)) was
calculated to evaluate the efficiency of the nomograms. All tests
of significance were 2-sided, and a P-value< 0·05 was consid-
ered statistically significant. All statistical analyses were per-
formed using EmpowerStats (www.empowerstats.com) and
R software, version 3.6.2 (http://www.r-project.org/).

Results

Patients

Overall, 228 patients with HCC treated with TACE were enrolled
in the study (aged 64·3 ± 9·6 years, 83·3 % (190/228) men;
Table 1). The maximum Youden index point on the t- receiver
operating characteristic was 4, which was thus considered the
optimal cut-off value for the CONUT score. The patients’ data
were categorised into two groups according to low (< 4) or high
(≥ 4) CONUT score. The baseline characteristics of the
low-CONUT and high-CONUT score groups were compared.
The hepatitis B virus infection ratio of the high-CONUT score
groupwas significantly higher than that of the low-CONUT score
group (P= 0·003). There were no statistically significant
differences in other indicators between the two groups.

Overall survival

The median follow-up time was 41·7 (95 % CI (39·2, 44·4))
months. For the low- and high-score CONUT groups, themedian
OS times were, respectively, 44·6 (95 % CI: 41·5, 48·0) months
and 38·7 (95 % CI: 35·0, 42·8) months. The Kaplan–Meier curve
showed that the OS rate of the low-CONUT score group was sig-
nificantly better than that of the high-CONUT score group
(P= 0·033; Fig. 1). According to the multivariate Cox analyses,
the prognostic factors of OS included age, tumour number,
AFP level and CONUT score (Table 2).

Progression-free survival

For the low- and high-score CONUT groups, the median PFS
times were, respectively, 14·2 (95 % CI: 12·3, 16·4) months and
12·6 (95 % CI: 10·7, 14·8) months. The Kaplan–Meier analysis
showed that the PFS rate of the low-CONUT score group was
significantly better than that of the high-CONUT score group
(P= 0·047; Fig. 2). The prognostic factors of PFS according to

the multivariate Cox regression analyses were the following:
tumour number, maximum tumour diameter and CONUT score
(Table 3).

Construction of the nomogram for overall survival
and progression-free survival

Based on the prognostic factors identified in the Cox regression
analysis, nomograms were constructed to predict OS and PFS

Table 1. Baseline characteristics of the 228 patients with hepatocellular
carcinoma (HCC)*
(Numbers and percentages)

CONUT score

n % n %

<4 ≥4 P
Subjects, n 119 109
Age (years) ≤70 90 75·6 84 77·1 0·876

>70 29 24·4 25 22·9
Gender Male 99 83·2 91 83·5 0·548

Female 20 16·8 18 16·5
Max D (cm) ≤7 90 75·6 84 77·1 0·876

>7 29 24·4 25 22·9
Tumor, n 1 59 49·6 46 42·2 0·264

≥ 2 60 50·4 63 57·8
HBV, n Yes 86 72·3 96 88·1 0·003

No 33 21·7 13 11·9
AFP (ng/ml) ≤400 90 75·6 87 79·8 0·525

>400 29 24·4 22 20·2
AST (U/l) ≤45 89 74·8 72 66·1 0·190

>45 30 25·2 37 33·9
ALT (U/l) ≤40 84 70·6 70 64·2 0·324

>40 35 29·4 39 35·8
TBIL (μmol/l) ≤34·2 114 95·8 101 92·7 0·395

>34·2 5 4·2 8 7·3
ALBI score 1 95 79·8 81 74·3 0·591

2 21 17·6 23 21·1
3 4 2·6 5 4·6

ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; HBV, hepatitis B virus; Max D, maximum tumor diameter;
TBIL, total serum bilirubin.
* Reported as n (%), unless indicated otherwise.

Fig. 1. Kaplan–Meier curve showing the OS rates of the two groups.
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probabilities for patients with HCC after TACE. Age, tumour
number, AFP level and CONUT scores were utilised as categor-
ised variables in the nomogram to predict OS rate. Tumour num-
ber, maximum tumour diameter, AFP level and CONUT score
were utilised as categorised variables in the nomogram for
PFS rate. For each categorised variable, the corresponding points
are located on the nomogram. The sum of the points of all var-
iables is the total points, and a straight downward line of the total

points shows the predicted OS or PFS rate. The nomograms for
OS and PFS were established to predict the 5-year OS rate and
1-year PFS rate (Figs. 3 and 4, respectively).

Assessment of the nomograms

TheC-indexes of the nomograms forOS and PFS predictionwere
0·794 (95 % CI: 0·747, 0·840) and 0·799 (95 % CI: 0·754, 0·845),
respectively. The calibration curves showed good consistency
between the prediction determined by the nomogram (x-axis)
and the observed OS and PFS rates (y-axis; Fig. 5). The AUC
for the nomogram predicting 5-year OS rate was 0·811 (sensitiv-
ity [specificity] = 0·883 [0·634], and for the nomogram predicting
a 1-year PFS rate was 0·804 (sensitivity [specificity] = 0·900
[0·598], Fig. 6).

Discussion

Many studies have shown that nutritional status is an important
factor determining prognosis in malignant tumours(10,27,28). The
CONUT score focuses on the nutritional status of patients, which
is a new prognostic scoring system for HCC. In the present study,
the multivariate Cox regression analysis showed that age,
tumour number, AFP level and CONUT score were risk factors
of OS, while tumour number, maximum tumour diameter and
CONUT score were prognostic factors of PFS. These results
indicate that the CONUT score is an important prognostic
factor for both OS and PFS for patients with HCC who have
undergone TACE. In the present study, all patients were in

Table 2. Univariate and multivariate analyses of prognostic factors for OS
(Hazard ratio and 95 % confidence intervals)

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

CONUT score
<4 1·634 1·034, 2·582 0·036 1·810 1·059, 3·093 0·030
≥4

Age, years
≤70 1·108 0·527, 1·550 0·719 2·160 1·191, 3·914 0·011
>70

Gender
Female 0·986 0·542, 1·792 0·962 1·021 0·531, 1·963 0·950
Male

Max D, cm (cm)
≤7 1·177 0·706, 1·964 0·532 1·168 0·656, 2·082 0·597
>7

Number
<3 8·936 4·550, 17·522 <0·001 7·745 3·791, 15·823 <0·001
≥3

HBV
Yes 1·047 0·595, 1·845 0·872 1·320 0·477, 3·655 0·593
No

AFP, ng/ml
≤400 1·565 1·023, 2·978 0·026 5·804 1·079, 2·533 0·046
>400

TBIL, ng/ml
≤34 1·148 0·463, 2·845 0·765 1·128 0·449, 2·837 0·798
>34

CONUT, controlling nutritional status; Max D, maximum tumour diameter; HBV, hepatitis B virus; AFP, α-fetoprotein; TBIL, total serum bilirubin.

Fig. 2. Kaplan–Meier curve showing the progression free survival (PFS) rates
of the two groups.
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Table 3. Univariate and multivariate analyses of prognostic factors for progression-free survival (PFS)
(Hazard ratio and 95 % confidence intervals)

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

CONUT score
<4 1·275 1·093, 1·489 0·002 1·278 1·090, 1·500 0·003
≥4

Age, years
≤70 0·824 0·480, 1·417 0·484 0·829 0·471, 1·462 0·518
>70

Gender
Female 1·000 0·550, 1·819 0·999 0·961 0·509, 1·814 0·902
Male

Max D, cm (cm)
≤7 1·277 0·765, 2·132 0·349 2·444 1·367, 4·369 0·003
>7

Number
<3 8·936 4·557, 17·522 <0·001 10·359 4·973, 21·576 <0·001
≥3

HBV
Yes 0·764 0·464, 1·256 0·288 0·605 0·307, 1·193 0·147
No

AFP, ng/ml
≤400 2·415 0·973, 5·992 0·057 3·317 1·171, 9·402 0·024
>400

TBIL, ng/ml
≤34 1·015 0·993, 1·036 0·179 1·021 0·998, 1·045 0·071
>34

CONUT, controlling nutritional status; HBV, hepatitis B virus; AFP, α-fetoprotein; TBIL, total serum bilirubin.
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Fig. 3. Nomogram of OS to predict 5-year OS.
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Points
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Fig. 4. Nomogram of progression free survival (PFS) to predict 1-year PFS.

Fig. 5. Nomogram calibration curves for survival. (a) OS. (b) PFS.
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intermediate-stage-B, and the CONUT score was an important
reflection of OS and PFS. This suggests that for patients with
HCC, the CONUT score should be considered seriously.

No validated CONUT score cut-off value has been reported
previously, and in the present study, a cut-off of 4was calculated,
based on the maximum Youden index point on the time-depen-
dent receiver operating characteristic. The Kaplan–Meier curves
showed significant differences in OS and PFS between the
low- (< 4; P= 0·033) and high- (≥ 4; P= 0·047) CONUT-score
patient groups. The median OS times of the low- and high-
CONUT score groups were, respectively, 44·6 months (95 %
CI: 41·5, '48·0 months) and 38·7 months (95 % CI: 35·0,
42·8 months), while the median PFS times of the corresponding
groups were 14·2 months (95 % CI: 12·3, 16·4 months) and 12·6
months (95 % CI: 10·7, 14·8 months). High CONUT scores were
associated with poor survival outcomes. This suggests that we
need to pay attention to the nutritional status of patients with
HCC prior to allowing them to undergo TACE.

The mechanism by which the CONUT score predicts the
prognosis of HCC is not entirely clear. This may be because
the CONUT score is derived from serum ALB concentrations,
total cholesterol concentration and lymphocyte count. The
ALB concentration is an essential indicator of the nutritional
and immune status of patients, and a lowALB concentration indi-
cates malnutrition or cachexia(29,30), which promotes tumour
progression and even death. Carcinogenesis has been linked
with the upregulation of cholesterol biosynthesis and uptake
and the downregulation or impairment of cholesterol efflux from
cells(31). Therefore, a decrease in cholesterol may lead to a worse
prognosis and increased risk of recurrence. Furthermore, a low
absolute lymphocyte count is related to poor nutritional status
and impaired immune response. Studies have shown that lym-
phopenia is a risk factor for HCC recurrence(32). In summary,
because the CONUT score reflects liver function and immune

and nutritional status, it is rational that it can predict the progno-
sis of patients with HCC.

The nomogram is a visual predictive model, which is conven-
ient and effective in practice(33). In the present study, the nomo-
gram predicts the 5-year OS incorporated age, tumour number,
AFP level and CONUT scores. The nomogram for 1-year PFS
included tumour number, maximum tumour diameter, AFP level
and CONUT score. By visual representation, the calibration
curve shows that the difference between the actual OS
and PFS and the predicted OS and PFS is acceptable. The
C-indexes of the nomograms for OS and PFS prediction were
0·794 (95 % CI: 0·747, 0·840) and 0·799 (95 % CI: 0·754, 0·845),
respectively. The AUC for the nomogram predicting 5-year OS
rate was 0·811; the AUC for the nomogram predicting a 1-year
PFS rate was 0·804. Thus, the nomograms of the present study
were effective based on calibration curve, concordance index
and t-AUC. Utilising these nomograms, the prognoses for PFS
and OS can be estimated for each patient. The nomograms
may help doctors improve the clinical management of patients
and develop more appropriate TACE schedules.

To our best knowledge, the present study is the first to utilise
the CONUT score as a prognostic factor in patients with inter-
mediate-stage HCC after TACE. The present findings indicate
that the CONUT score is an important prognostic factor of both
OS and PFS for these patients; specifically, the higher the score,
the worse the survival. Therefore, health care providers should
pay more attention to patients with a high CONUT score (≥ 4)
compared with those with low scores (< 4), for
optimal patient management.

There are some limitations to our study. First, the study was
retrospective, which may allow potential bias. In addition, this is
a single-centre study, and the sample sizes were limited.
Therefore, large-scale multicentre randomised control trials
are needed to confirm the results. Lastly, more data, including

Fig. 6. Nomogram area under curve (AUC) for survival. (a) OS. (b) progression free survival (PFS).
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imaging and pathological features, should be included to guar-
antee reliable and effective predictive models in the future.

Conclusions

The CONUT score is an important prognostic factor of both OS
and PFS for patients with intermediate-stage HCC who have
undergone TACE. The cut-off value of the CONUT score was
4, and a high CONUT score of 4 or greater suggests a poor sur-
vival outcome. The nomograms based on the CONUT score that
were developed in this study are good models to predict OS
and PFS.
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