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Transarterial chemoembolisation (TACE) is a standard therapy for hepatocellular carcinoma (HCC).
However, adverse events, including abdominal pain, are common. This study aimed to investigate and
verify the feasibility of a nomogram model to predict severe abdominal pain after first conventional
TACE (cTACE) among patients with HCC. Patients with HCC treated with cTACE between October
28,2019, and August 5, 2022, at a single centre were enrolled (n=216). Patients were divided into
training and validation cohorts (ratio, 7:3). A visual analogue scale score between 7 and 10 was
considered severe abdominal pain. A total of 127 (58.8%) patients complained of severe abdominal
pain after first cTACE treatment. The nomogram considered age and tumour number and size. The
nomogram demonstrated good discrimination, with a C-index of 0.749 (95% confidence interval
[CI], 0.617, 0.881). Further, the C-index in the validation cohort reached 0.728 (95% Cl 0.592, 0.864).
The calibration curves showed ideal agreement between the prediction and real observations,

and the nomogram decision curve analysis performed well. The nomogram model can provide an
accurate prediction of severe abdominal pain in patients with HCC after first cTACE, aiding in the
personalization of pain management and providing novel insights into hospital nursing.

Abbreviations

HCC Hepatocellular carcinoma

TACE  Transarterial chemoembolization
¢TACE Conventional TACE

PES Post-embolisation syndrome
VAS Visual analogue scale

CI Confidence interval

DCA Decision curve analysis

Hepatocellular carcinoma (HCC) is the sixth most common cancer and third leading cause of cancer-related
deaths worldwide. Approximately half of all patients with HCC are Chinese'. Hepatectomy, ablation, and liver
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transplantation are potentially curative treatments. However, more than half of all patients with HCC are diag-
nosed at an advanced stage and, thus, unable to undergo surgery?*. The therapeutic effect of transarterial chem-
oembolisation (TACE) has been evaluated in randomized trials and meta-analyses®~, and it has been widely
recommended as a standard treatment for these patients®. TACE types include conventional TACE (cTACE)
and drug-eluting beads TACE.

However, adverse events after TACE have a prevalence of 87%, including nausea, vomiting, fever, abdominal
pain, liver abscess, gallbladder gangrene and hepatic failure, etc.”. Among them, abdominal pain has the most
serious effect on the quality of life of patients, causing anxiety. Previous studies have focused on post-embolisation
syndrome (PES); some possible influencing factors were analysed, and relevant prediction models were estab-
lished. To our knowledge, no study specifically focusing on severe abdominal pain after initial cTACE therapy
for HCC has been conducted!’.

This study aimed to evaluate the frequency of severe abdominal pain after first cTACE in patients with HCC,
as well as explore the relevant risk factors. This data was used to establish a nomogram to predict severe abdomi-
nal pain after first cTACE, thereby improving pain management and providing individualized treatment and a
model to establish post-cTACE care protocols for patients with HCC.

Methods
Study design and patients
In this retrospective study, all patients with HCC were diagnosed with HCC between the 28th of October, 2019,
and the 5th of August, 2022, and treated with cTACE in the affiliated hospital of the Guilin Medical University.
HCC was diagnosed by non-invasive methods as the European Association for the Study of the Liver and
the American Association for the Study of Liver Disease guidelines. The inclusion criteria were as follows: (1)
age > 18 years, (2) an Eastern Cooperative Oncology Group performance status of 0 to 1, and (3) TACE is indi-
cated for those patients who belong to BCLC-B are not suit for radical resection or ablation. For BCLC-A patients,
TACE is recommended if patients are unable or unwilling to receive surgery or ablation for other reasons such
as older age and severe cirrhosis. For BCLC-C patients, TACE is recommended as an option if patients with
incomplete obstruction of the main portal vein or formation of abundant compensatory collateral branches of
the portal vein'’. (4) No treatment prior to cTACE, including local and systemic therapy. The exclusion criteria
were as follows: (1) coexistence with other primary malignant diseases; (2) severe abdominal pain before cTACE;
(3) concomitance of tumour rupture; (4) extrahepatic metastasis; and (5) insufficient clinical and baseline data.
The protocol was performed in accordance with the guidelines outlined in the Declaration of Helsinki and
was approved by the Ethics Committee of Affiliated Hospital of Guilin Medical University. Since the study was
a retrospective study, most of the study subjects have died or lost contacts, and all statistics were anonymous, so
the Ethics Committee of Affiliated Hospital of Guilin Medical University agreed to waive the need for informed
consent.

TACE procedure

All the patients underwent initial cTACE. Half an hour before cTACE, all patients were routinely administered
pethidine hydrochloride. A microcatheter was inserted through the segmental or subsegmental supply arteries.
Chemoembolisation mixed 20-60 mg pirarubicin, 200 mg oxaliplatin, 5-20 mL lipiodol, and gelatine sponge.
The injection volume of the emulsion depended on tumour volume. All cTACE procedures were performed by
interventional radiologists who had over 6 years of experience.

Pain assessment

Pain was assessed within 24 h after cTACE by using the visual analogue scale (VAS) score, which is a standard and
checked ten-point scale for the self-reporting of pain'2 Scores range from 0 to 10, with a score of 0 representing
absence of pain and a score of 10 representing the highest pain level. Score between 1 and 3, 4 and 6, and 7 and
10 represented mild, moderate, and severe pain, respectively. When the pain level assessment is complete, we
used acetaminophen, aminotriol ketorolate, and pethidine hydrochloride to relieve mild, moderate and severe
pain respectively and immediately.

Clinical data collection

The following clinical characteristics were collected: sex, age, maximum tumour diameter or tumour size, portal
vein thrombosis, duration of the procedure, white blood cell count, red blood cell count, haemoglobin, platelet
count, a-fetoprotein, alanine transferase, and aspartate aminotransferase. Access to the hospital’s medical record
management system was used to obtain all data. Two investigators entered data simultaneously to ensure the
accuracy of information. Two radiologists with a minimum of 5 years of experience independently reviewed all
radiology images. If there were more than two tumours, patients were deemed to have multiple-lesion HCC, and
the largest tumour, as indicated by diameter, was analysed.

Statistical analysis

IBM SPSS version 27.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Baseline characteristics
were summarised using descriptive statistics. The Mann-Whitney U test was used to compare continuous vari-
ables, and either Pearson’s Chi-squared test or Fisher’s exact test was performed to compare categorical data.
Quantitative data are expressed as frequency, mean * standard deviation, or median with 95% confidence interval
(CI) values. The statistical significance of the clinical factors was assessed by univariate analysis, and variables
found to have statistical significance were included in the multivariate analysis using binary logistic regression
to identify the risk factors associated with severe abdominal pain following cTACE.
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A predictive nomogram was generated based on several independent factors evaluated by multivariate analy-
sis using the R software version 3.2.0 (The R Foundation for Statistical Computing, Vienna, Austria) and the
‘rms’ package. Moreover, the model was validated using 1000 bootstraps to quantify the overarching modelling
strategy while assessing the model’s prediction accuracy. Each statistical test in our study was two-sided, and
P-values < 0.05 were used to indicate statistical significance.

Results

Baseline characteristics

A total of 216 patients who underwent cTACE therapy were included in this analysis. Of these patients, 127
(58.8%) complained of severe abdominal pain after their initial cTACE. Of all patients who underwent cTACE
therapy, 181 were men, and 35 were women. Most patients were younger than 65 years and had a tumour exceed-
ing 5 cm in diameter. Portal vein tumour thrombi were present in 76 (35.1%) patients. The number of patients
with a-fetoprotein levels above or below 400 ng/mL did not differ significantly between both groups. Additional
details on patient characteristics are presented in Table 1.

Factors influencing severe abdominal pain after initial cTACE therapy

The variables associated with severe abdominal pain after univariate analysis were age > 65 years (P =0.004),
presence of multiple tumours (P=0.001), tumour diameter >5 cm (P =0.001), and procedure time (P =0.034).
Multivariate binary regression analysis showed that age (P =0.029), tumour size (P =0.008), and tumour number
(P=0.019) were independent risk factors for severe abdominal pain (Table 2).

Subsequently, we established a nomogram based on the significant risk factors identified by the univariate
and multivariate analyses in the training set (Fig. 1). For each factor in the nomogram, a weighted number of
points was calculated, and the sum of points for each patient was associated with a corresponding prediction of
the presence of severe abdominal pain. A higher total score was associated with a higher rate of severe abdominal
pain. For example, a 71-year-old man with a single 75-mm HCC nodule would have a total of 100 points (age,
0 points; tumour size, 100 points; and tumour number, 0 points). For this patient, the predicted incidence of
severe abdominal pain was 38%.

Model performance and validation

The C-index of the nomogram within the training set was 0.749 (95% CI 0.617, 0.881). As seen in Fig. 2, the
calibration curves in the training set demonstrated an optimal relationship. Furthermore, the calibration curves
showed favourable calibration of the nomogram in the testing set (Fig. 3). The decision curve analysis (DCA)
demonstrated that this nomogram had an added benefit in predicting severe abdominal pain as compared with
treating all patients or treating no patient in the training and testing cohorts (Fig. 4).

Discussion

Although surgical resection and liver transplantation may cure HCC, but most of HCC patients are already in
the middle and advanced stages at the time of diagnosis, and they are not suitable for radical resection. Systemic
therapy, including tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs), improved the
prognosis for these patients in recent years. TACE is also an effective therapy and widely recommended as first-
line therapy for intermediate and advanced HCC. However, the rate of adverse events after TACE is high. In our
study, the probability of severe abdominal pain following the first cTACE procedure was as high as 58.8%, which
is greater than the likelihood reported in other studies'. One possible reason for this is that our study included a
relatively high number of younger patients than other studies. Bian et al. included other patients, including those
undergoing their first TACE procedure, because a history of TACE procedure has been reported as a protective
factor for post-embolisation abdominal pain'®. The mechanisms underlying post-embolisation pain are still not
completely understood. However, it is believed to be related to local tissue hypoxia, tumour necrosis, ectopic
embolisation, and inflammatory response caused by cytokine release!*!>.

Currently, few studies have explored the risk factors influencing the development of PES in patients with
HCC after He et al. discovered that drug-loaded microsphere TACE and serum albumin could act as protective
factors influencing PES, whereas drug loading was a risk factor for PES after the first TACE for patients with
HCC'S. Khalaf et al. illustrated the history of PES, tumour burden, and drug-eluting embolic TACE to be predic-
tors affecting PES and, thus, constructed a predictive model for PES after TACE'. Moreover, Pachev et al. used
VAS to identify factors predicting severe abdominal pain during and after TACE for HCC and found that age,
liver cirrhosis, and alcoholic liver disease were negative predictive factors of severe abdominal pain'®. However,
to our knowledge, this study is the first to focus on the factors influencing severe post-embolisation abdominal
pain after initial cTACE among patients with HCC and to establish a simple, easily applicable nomogram based
on clinical characteristics. The nomogram displayed good discrimination power, with C-indices of 0.749 (95%
CI 0.617,0.881) in the training cohort and 0.728 (95% CI 0.592, 0.864) in the validation cohort. The calibration
curves showed ideal agreement between the prediction and real observations. Finally, the DCA of nomograms
performed well.

In our study, age, tumour number, and tumour size were independent predictors of severe abdominal pain,
and thus construct the nomogram. These results provide clinically relevant information to help predict and
proactively pain treatment, relieve patients’ pain and therefore shorten their hospital stay.

According to the nomogram, the older the patient, the less severe the pain, which is consistent with the results
of Pachev et al.'®. The relationship between age and pain is complex and depends on the clinical situation. The
most possible reason for this is that pressure nociception thresholds decrease with age'. Moreover, the tumour
size and tumour number are referred to as tumour burden®. Our study found that higher tumour burden was
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Characteristics ‘ Total (n=216) Training cohort (n=151) | Validation cohort (n=65) | P-value
Severe pain 0.376
Yes 133 (61.57) 91 (60.26) 42 (64.62)

No 83 (38.43) 60 (39.74) 23 (35.38)

Sex, n (%) 0.078
Female 34 (15.74) 19 (12.58) 15 (23.08)

Male 182 (64.23) 132 (87.42) 50 (76.92)

Age, n (%) 0.658
<65 years 157 (72.69) 109 (72.19) 48 (73.85)

265 years 59 (27.31) 42 (27.81) 17 (26.15)

Hepatitis B, n (%)

Yes 201 (93.10) 140 (92.72) 61 (93.85)

No 15 (6.90) 11 (7.28) 4(6.15) 0.432
Tumour location 0.219
Left lobe 17 (7.87) 10 (6.62) 7 (10.77)

Right lobe 136 (62.96) 96 (63.58) 40 (61.54)

Two lobes 63 (29.17) 45 (29.80) 18 (27.69) 0.367
Tumour size, n (%) 0.873
<5 58 (26.85) 40 (26.49) 18 (27.69)

>5 158 (73.15) 111 (73.51) 47 (72.31)

Tumour number, n (%) 0.097
Single 89 (41.20) 56 (37.09) 33 (50.77)

Multiple 127 (58.80) 95 (62.91) 32 (49.23)

PVTT, n (%) 0.440
No 141 (65.28) 101 (66.89) 40 (61.54)

Yes 75 (34.72) 50 (33.11) 25 (38.46)

Major vascular invasion

Yes 8(3.70) 5(2.31) 3(4.62)

No 208 (96.30) 146 (97.69) 62 (95.38) 0.532
Dosage of lipiodol 0.387
<10mL 96 (44.44) 71 (47.02) 25 (38.46)

>10 mL 120 (55.56) 80 (52.98) 40 (61.54)

Child-Pugh 0.548
A 157 (72.68) 109 (72.19) 48 (73.85)

B 59 (27.32) 42 (27.81) 17 (26.15)

Procedure time, mins 78.00 (64.00, 97.00) 77.00 (64.25, 97.75) 78.00 (64.00, 96.50) 0.647
WBC, 10° 6.30 (4.90, 7.72) 6.35 (4.89, 7.66) 6.30 (4.96, 7.78) 0.962
RBC, 102 4.61 (4.09, 5.10) 4.66 (4.16, 5.14) 4.46 (3.97,4.98) 0.414
Hb, g/L 138.00 (123.00, 152.00) | 139.50 (125.00, 152.00) 133.00 (121.00, 147.50) 0.261
PLT, 10° 196.00 (134.00, 257.00) | 191.50 (130.50, 257.00) 199.00 (149.50, 258.00) 0.706
AFP, n (%) 0.628
<400 ng/mL 113 (52.31) 77 (50.99) 36 (55.38)

>400 ng/mL 103 (47.69) 74 (49.01) 29 (44.62)

TBIL, nmol/L 13.8 (10.81, 17.45) 14.2 (10.80, 16.94) 13.5(10.94, 17.85) 0.253
DBIL, nmol/L 5.5 (4.24, 6.86) 5.6 (4.03, 6.77) 5.4 (4.33,7.01) 0.368
Albumin, g/L 0.487
<35 15 (6.94) 11 (7.28) 4(6.15)

=35 201 (93.06) 140 (92.79) 61 (93.85)

ALT, U/L 45.00 (25.50, 68.00) 40.50 (25.58, 64.25) 55.00 (26.00, 69.00) 0.320
AST, U/L 54.00 (36.40, 97.00) 54.15 (36.25, 93.50) 51.00 (36.80, 108.50) 0.845

Table 1. Baseline demographic and clinical characteristics of patients in the training and validation cohorts
(n=216). PVTT portal vein tumour thrombus, WBC white blood cell count, RBC red blood cell count, Hb

haemoglobin, PLT platelet, AFP a-fetoprotein, ALT alanine transaminase, AST aspartate transaminase.
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Univariate Multivariate
Variables OR (95% CI) P OR (95% CI) P-value
Sex
Female 1
Male 1.323 (0.446-3.929) 0.614
Age
<65 years 1 1
=65 years 0.293 (0.128-0.672) 0.004 | 0.365 (0.148-0.904) | 0.029
Hepatitis B
Yes 1
No 1.236 (0.763-3.652) 0.368
Tumour location
Left lobe 1
Right lobe 1.339 (0.687-4.635) 0.463
Two lobes 1.023 (0.879-3.265) 0.635
Tumour size
<5cm 1 1
>5cm 5.735(2.329-14.123) | <0.001 | 3.702 (1.407-9.739) | 0.008
Tumour number
Single 1 1
Multiple 4.008 (1.820-8.830) 0.001 | 2.822(1.190-6.695) | 0.019
PVTT
No 1
Yes 1.591 (0.715-3.541) 0.255
Major vascular invasion
Yes 1
No 1.038 (0.637-3.245) 0.331
Dosage of lipiodol
<10 mL 1
>10mL 1.698 (0.535-4.298) 0.269
Child-Pugh
A 1
B 2.036 (1.056-4.365) 0.364
Procedure time 1.016 (1.001-1.032) 0.034 | 1.135(0.934-1.332) | 0.367
WBC 1.003 (0.877-1.149) 0.960
RBC 1.001 (0.685-1.463) 0.995
Hb 1.003 (0.989-1.018) 0.666
PLT 1.002 (0.998-1.006) 0.266
AFP
<400 ng/mL 1
>400 ng/mL 1.920 (0.910-4.050) 0.087
TBIL, nmol/L 2.837 (1.026-6.235) 0.548
DBIL, nmol/L 3.215 (0.968-5.897) 0.318
Albumin
<35g/L 1
>35¢g/L 0.879 (0.687-3.914) 0.612
ALT 0.997 (0.992-1.003) 0.324
AST 0.998 (0.994-1.003) 0.495

Table 2. Univariate and multivariate regression for severe abdominal pain after initial conventional
transarterial chemoembolisation in the training cohort. Significant values are in bold. OR odds ratio, CI
confidence interval, PVTT portal vein tumour thrombus, WBC white blood cell count, RBC red blood
cell count, Hb haemoglobin, PLT platelet, AFP a-fetoprotein, ALT alanine transaminase, AST aspartate

transaminase.
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Figure 1. Nomogram to predict severe abdominal pain after initial conventional transarterial
chemoembolisation in the training set.

indicative of more severe abdominal pain and was similar to that of Bian et al. in that patients with larger tumour
sizes or multiple tumours required a longer procedure duration’?. This is associated with drug dose and causes
longer arterial spasms and more extended liver parenchymal necrosis, especially those of the bile ducts. Bile
ducts are considered sensitive to oxygen deprivation!*?!.

cTACE treatment can cause various PES besides abdominal pain, including nausea, vomiting, chill, fever,
liver infarction, liver abscess, heterotopic embolization, acute renal failure, acute hepatic failure, and so on.
For the prevention of these complications, the dose of lipiodol should be well monitored and superselective
chemoembolization is required®>**. Many previous studies have illustrated the risk factors of other TACE com-
plications, such as acute hepatic failure or nausea and vomiting and have shown that liver enzymes is one of the
main predictive risk factors**?>. But in our study, liver function (bilirubin, albumin, ALT, AST) levels were not
associated with severe abdominal pain.

Our study has notable limitations. First, the sample size was relatively small, and the retrospective analysis
has intrinsic limitations. Our nomogram model should, therefore, be verified by conducting a large prospective
study and including other potential contributory factors. Moreover, most patients included in this study had
an aetiology of hepatitis B virus infection. Thus, our nomogram model should be verified by including other
HCC aetiologies. Furthermore, our model was not externally validated. Future studies with a larger sample size
across multiple sites should be designed to confirm our findings. At last, our prediction model included only
one complication, severe abdominal pain, and we will include others in future study.

Conclusions

In conclusion, we generated a nomogram to predict severe abdominal pain after cTACE in patients with HCC.
A reliable and feasible non-invasive approach to predict severe post-embolisation abdominal pain in patients
with HCC may improve treatment in clinical practice and provide personalized treatment.

Scientific Reports |

(2023) 13:22397 | https://doi.org/10.1038/s41598-023-49509-z nature portfolio



www.nature.com/scientificreports/

(4) =
@©
o
©
g‘ o
2
3
@ <
S
o
o
o
o
(B)
£
]
8
e
b=
3
g
Figure 2.

T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
Specificity
L T L T Ll -/
g 7] s
Hosmer-Lemeshow Test: P = 0.060
e
=}
=+
=}
- = [deal
. — Apparent
= —— Bias-corrected
7
s
T T T T
0.2 0.4 0.6 0.8
Predicted Probability

Receiver operating characteristic (A) and calibration curves (B) in the training set.

Scientific Reports |

(2023) 13:22397 |

https://doi.org/10.1038/s41598-023-49509-z

nature portfolio



www.nature.com/scientificreports/

(A) =1
« |
(=]
© |
_é‘ (=}
2
I3
5
® < |
o
N
o
o |
o
T T T T T T
1.0 08 0.6 0.4 0.2 0.0
Specificity
L m T II/
(B) .
~
S 7 /’
Hosmer-Lemeshow Test: P = 0.959
o
=3
2
8
g 3-
[
o
®
% S
< Ideal
= = Ideal
g - — Apparent
—— Bias-corrected
o
=]
//
T T T T T T
0.2 0.3 0.4 0.5 0.6 0.7

Predicted Probability

Figure 3. Receiver operating characteristic (A) and calibration curves (B) in the validation set.

o
< 7 Full model
Age
Tumor size
© Tumor number|
S All
None
&
2
3 ©
Qo o 7
-
Q
z
3
5 %
T o
©
c
8
@a
N
o
o
o

\ (e

f T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

High Risk Threshold

Figure 4. Decision curve analysis for severe abdominal pain in the training set.

Scientific Reports |  (2023) 13:22397 | https://doi.org/10.1038/s41598-023-49509-z nature portfolio



www.nature.com/scientificreports/

Data availability
The data used in this study can be obtained from the corresponding author on reasonable request.

Received: 9 September 2023; Accepted: 8 December 2023
Published online: 16 December 2023

References

1.

2.

3.

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

23.

24.

25.

Sung, H. et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin. 71, 209-249 (2021).

Zhou, J. et al. Guidelines for the diagnosis and treatment of hepatocellular carcinoma (2019 Edition). Liver Cancer 9, 682-720
(2020).

Benson, A. B. et al. Hepatobiliary cancers, version 2.2021, NCCN clinical practice guidelines in oncology. J. Natl. Compr. Cancer
Netw. 19, 541-565 (2021).

. Reig, M. et al. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J. Hepatol. 76, 681-693

(2022).

. Llovet, J. M. et al. Arterial embolisation or chemoembolisation versus symptomatic treatment in patients with unresectable hepa-

tocellular carcinoma: A randomised controlled trial. Lancet 359, 1734-1739 (2002).

. Lo, C. M. et al. Randomized controlled trial of transarterial lipiodol chemoembolization for unresectable hepatocellular carcinoma.

Hepatology 35, 1164-1171 (2002).

. Oliveri, R. S., Wetterslev, J. & Gluud, C. Transarterial (chemo)embolisation for unresectable hepatocellular carcinoma. Cochrane

Database Syst. Rev. 3, CD004787 (2011).

. Heimbach, J. K. et al. AASLD guidelines for the treatment of hepatocellular carcinoma. Hepatology 67, 358-380 (2018).
. Pomoni, M. et al. Post embolization syndrome in doxorubicin eluting chemoembolization with DC bead. Hepatogastroenterology

59, 820-825 (2012).

Golfieri, R. et al. Randomised controlled trial of doxorubicin-eluting beads vs conventional chemoembolisation for hepatocellular
carcinoma. Br. J. Cancer 111, 255-264 (2014).

Lu, J. et al. Clinical practice of transarterial chemoembolization for hepatocellular carcinoma: Consensus statement from an
international expert panel of International Society of Multidisciplinary Interventional Oncology (ISMIO). Hepatobiliary Surg.
Nutr. 10(5), 661-671 (2021).

Wu, H,, Ding, T., Yan, S., Huang, Z. & Zhang, H. Risk factors for moderate-to-severe postoperative pain after percutaneous neph-
rolithotomy: A retrospective cohort study. Sci. Rep. 12, 8366 (2022).

Bian, L. E et al. Predictive model for acute abdominal pain after transarterial chemoembolization for liver cancer. World J. Gas-
troenterol. 26, 4442-4452 (2020).

Huang, Z. L., Luo, J., Chen, M. S, Li, J. Q. & Shi, M. Blood neutrophil-to-lymphocyte ratio predicts survival in patients with
unresectable hepatocellular carcinoma undergoing transarterial chemoembolization. J. Vasc. Interv Radiol. 22, 702-709 (2011).
Dhand, S. & Gupta, R. Hepatic transcatheter arterial chemoembolization complicated by postembolization syndrome. Semin.
Interv. Radiol. 28, 207-211 (2011).

He, J. J. et al. Factors influencing postembolization syndrome in patients with hepatocellular carcinoma undergoing first tran-
scatheter arterial chemoembolization. J. Cancer Res. Ther. 17, 777-783 (2021).

Khalaf, M. H. et al. A predictive model for postembolization syndrome after transarterial hepatic chemoembolization of hepatocel-
lular carcinoma. Radiology 290, 254-261 (2019).

Pachev, A. et al. Predictive factors of severe abdominal pain during and after transarterial chemoembolization for hepatocellular
carcinoma. Eur. Radiol. 31, 3267-3275 (2021).

Hucke, F. et al. How to STATE suitability and START transarterial chemoembolization in patients with intermediate stage hepa-
tocellular carcinoma. J. Hepatol. 61, 1287-1296 (2014).

Sasaki, K. et al. The tumor burden score: A new, “metro-ticket” prognostic tool for colorectal liver metastases based on tumor size
and number of tumors. Ann. Surg. 267, 132-141 (2018).

. Benzakoun, J. et al. Risks factors for severe pain after selective liver transarterial chemoembolization. Liver Int. 37, 583-591 (2017).
22.

Tarazov, P. G. et al. Ischemic complications of transcatheter arterial chemoembolization in liver malignancies. Acta Radiol. 41(2),
156-160 (2000).

Chung, J. W. et al. Hepatic tumors: Predisposing factors for complications of transcatheter oily chemoembolization. Radiology
198(1), 33-40 (1996).

Min, Y. W. et al. Risk factors and a predictive model for acute hepatic failure after transcatheter arterial chemoembolization in
patients with hepatocellular carcinoma. Liver Int. Off. J. Int. Assoc. Study Liver 33, 197-202 (2013).

Wang, S.-Y., Zhu, W.-H., Vargulick, S., Lin, S. B. & Meng, Z.-Q. Nausea and vomiting after transcatheter arterial chemoemboliza-
tion for hepatocellular carcinoma: Incidence and risk factor analysis. Asian Pac. J. Cancer Prev. APJCP 14, 5995-6000 (2013).

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

Author contributions

Study concept and design: H.Q., X.X., H.Y,, J.L., and S.L. Data acquisition or data analysis/interpretation: H.J.,
YL.,J.Q., MJ., YM, and L.L. Literature research: EL., ].Y., ].G., and C.Z. All authors contributed to the article
and approved the submitted version.

Fundin

This stud)gr was financially supported by the Guangxi medical and healthcare appropriate technology develop-
ment and promotion and application projects (grant number: $2022132), Guangxi Natural Science Foundation
(grant number: 2022JJA140009) and Self-financed scientific research projects of Guangxi Autonomous Region
Health and Wellness Commission (Z-C20230840).

Competing interests
The authors declare no competing interests.

Scientific Reports |

(2023) 13:22397 | https://doi.org/10.1038/s41598-023-49509-z nature portfolio



www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to S.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |  (2023) 13:22397 | https://doi.org/10.1038/s41598-023-49509-z nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Nomogram for predicting severe abdominal pain after initial conventional transarterial chemoembolisation for hepatocellular carcinoma: a retrospective study
	Methods
	Study design and patients
	TACE procedure
	Pain assessment
	Clinical data collection
	Statistical analysis

	Results
	Baseline characteristics
	Factors influencing severe abdominal pain after initial cTACE therapy
	Model performance and validation

	Discussion
	Conclusions
	References
	Acknowledgements


