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Background: Patients experiencing severe postoperative pain often show lower adherence to prescribed
treatments, highlighting the clinical need for effective pain prediction and management strategies. This study
aims to address this gap by identifying key risk factors associated with post-transarterial chemoembolization
(TACE) pain and developing a predictive scoring system.

Methods: We retrospectively analyzed data from liver cancer patients who underwent their first TACE
procedure at our institution between January 2019 and December 2020. Pain levels were assessed using
an 11-point numerical rating scale (NRS-11). Patients were randomly assigned to training and validation
cohorts. In the training cohort, logistic regression was used to evaluate the correlation between various
parameters and post-TACE pain, leading to the development of a risk prediction model. This model’s
performance was subsequently assessed in the validation cohort.

Results: The study included 255 patients. Univariate analysis in the training cohort identified tumor
number, size, microsphere volume, and operation time as factors associated with postoperative pain. These
factors were included in a multivariate model, which demonstrated areas under the receiver operating
characteristic (ROC) curve (AUCs) of 0.71 in the training cohort and 0.74 in the validation cohort for
predicting moderate to severe pain. A nomogram was also developed for clinical application, categorizing
patients with scores above 72.90 as high risk for moderate to severe pain.

Conclusions: Our research successfully developed and validated a novel scoring system capable of
predicting moderate to severe pain following initial TACE treatment. However, the study’s predictive
accuracy, as reflected by AUC values, suggests that further refinement and validation in larger, diverse
cohorts are necessary to enhance its clinical utility. This work underscores the importance of predictive tools

in improving postoperative pain management and patient outcomes.
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Introduction

Hepatocellular carcinoma (HCC) is currently considered the
seventh most common cancer and the second leading cause
of cancer mortality (1,2). Transarterial chemoembolization
(TACE) has become the standard treatment for patients
clinically diagnosed with intermediate and advanced liver
cancer who are unable to receive curative intent treatment (3).

Effective management of postoperative pain following
TACE is crucial for liver cancer patients (4), as it significantly
influences their recovery, treatment adherence, and overall
quality of life. Despite advances in pain assessment and
management, there remains a notable gap in predictive tools
that can accurately forecast pain levels post-TACE, thereby
enabling preemptive and more tailored pain management
strategies (4-6).

Highlight box

Key findings

e Identification of pain-related factors: the study identified
factors associated with postoperative pain after transarterial
chemoembolization (TACE) in liver cancer patients. Factors like
tumor quantity, tumor size, microsphere volume, and operation
time were found to be significant.

* Development of a predictive scoring system: a novel scoring
system was developed to predict the likelihood of moderate to
severe postoperative pain following TACE. This system was based
on multivariate analysis of the identified factors.

What is known and what is new?

e Postoperative pain in liver cancer treatment: in the context of
liver cancer treatment, particularly TACE, postoperative pain is
a common and significant issue. Managing this pain effectively
is crucial for patient comfort, treatment adherence, and overall
outcomes.

* Development of a specific predictive model: this study contributes
significantly by developing a specific predictive scoring system for
postoperative pain following TACE in liver cancer patients. It goes
beyond general pain management principles and offers a tailored
approach.

What is the implication, and what should change now?

¢ Enhanced patient care: by predicting the likelihood of moderate
to severe pain, healthcare providers can pre-emptively tailor
pain management strategies for each patient. This personalized
approach can improve patient comfort, recovery, and overall
satisfaction with their care.

* Adoption of the scoring system: clinics and hospitals specializing
in liver cancer treatment, particularly those using TACE, should
consider integrating this scoring system into their preoperative
assessment protocols.
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The conventional approach to pain evaluation,
predominantly relying on subjective scales such as the
11-point numerical rating scale (NRS-11) (7), often
fails to capture the complexity and variability of pain
experienced by liver cancer patients undergoing TACE.
This inadequacy underscores the urgent need for a
more sophisticated and objective predictive model that
incorporates specific clinical parameters influencing pain
outcomes post-TACE (8,9).

The current study addresses this unmet need by
proposing the development and validation of a novel scoring
system aimed at predicting moderate to severe post-TACE
pain. This initiative is not merely an academic exercise
but a clinically relevant endeavor that seeks to bridge the
gap between generic pain assessment tools and the need
for a more nuanced understanding of pain dynamics in the
context of liver cancer treatment.

Moreover, the pursuit of such a predictive model is
justified by the potential to enhance patient care through
proactive pain management. By accurately identifying
patients at higher risk of experiencing significant
postoperative pain, healthcare providers can customize pain
management plans, thereby improving patient comfort,
reducing the reliance on reactive pain interventions, and
potentially shortening hospital stays.

In summary, our research is grounded in the clinical
imperative to improve pain management in liver cancer
patients post-TACE. By addressing the limitations of
current pain assessment methods and introducing a tailored
predictive tool, this study aims to make a meaningful
contribution to the field of pain management and liver
cancer care, ultimately enhancing patient outcomes and
satisfaction. We present this article in accordance with
the TRIPOD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-24-2/rc).

Methods
Study design

From January 2019 to December 2020, patients diagnosed
with HCC who received their first TACE treatment
session at our institution (Department of Hepatobiliary
Surgery, the Second Affiliated Hospital of Chongqing
Medical University, Chongqing, China) were included in
this retrospective study. The total cohort was randomly
divided into training cohort and verification cohort in a
2:1 ratio. The study was reviewed and approved by the

7 Gastrointest Oncol 2024;15(1):425-434 | https://dx.doi.org/10.21037/jgo-24-2


https://jgo.amegroups.com/article/view/10.21037/jgo-24-2/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-24-2/rc

Journal of Gastrointestinal Oncology, Vol 15, No 1 February 2024

Ethics Committee of the Second Affiliated Hospital of
Chongqing Medical University (No. protocol code 2022-
38 and date of approval 2022-05-08). The data are collected
retrospectively and anonymously, so the requirement for
informed consent was waived by the ethics committee. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

The inclusion criterion was patients who underwent
their first TACE session for the treatment of liver cancer.
The diagnosis of liver cancer was primarily based on
laboratory examinations and imaging data. Patients
who had previously undergone TACE, or those with
decompensated cirrhosis, serious cardiovascular and
cerebrovascular diseases, renal insufficiency or dysfunction,
preoperative infection (such as biliary tract infection, lung
infection, urinary system infection, etc.), and a completely
occluded portal vein with no collateral blood supply, were
excluded from this study.

Pain level scoring

Postoperative pain levels were obtained using the validated,
verbally administered, NRS-11 (0 to 10 points) (9,10). At
24 hours before surgery, the nurse educated the patient
on pain levels and educated the patient on how to use the
NRS-11. Pain scores, based on the patient’s self-assessment,
were incorporated into the nursing routine, monitored, and
recorded along with vital signs. After surgery, the patient’s
pain level was assessed within 24 hours. The score was
obtained before any treatments were administered. Using
the extracted pain scores of each patient, the participants
were divided into two groups: the low score group (<5, no
pain or slight pain) and the high score group (>5, moderate
to severe pain).

For the scores between 1 and 3, the patient was taught to
relieve pain through distraction. For the scores between 4
and 6, the patient was prescribed a COX-2 inhibitor. If the
pain score was >7, the doctor would modify the analgesic
plan, often to include tramadol hydrochloride, dexocine, or

pethidine hydrochloride.

TACE procedures

For femoral artery approach, the right femoral artery was
punctured using the Seldinger puncture procedure through
a 5-F puncture sheath (Cook Medical, Bloomington, IN,
USA). With the use of a contrast guide wire (150 cm; Cook
Medical), a contrast catheter (110 cm; Cook Medical) was
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inserted to the abdominal trunk, common hepatic artery, or
superior mesenteric artery, depending on tumor location.
Then, a 2.4-F micro catheter (28mc24130sn; Merit
Medical, South Jordan, UT, USA) with the help of a micro
guide wire (180 cm, Merit Medical) was introduced into the
tumor target vessel for chemoembolization. Following the
procedure, the puncture sheath was removed and a right
femoral artery electronic compression hemostat (01-GF-A;
Rising Medical, Chicago, IL, USA) was utilized to compress
and halt bleeding.

For radial artery approach, the puncture site was selected
to be approximately 1 cm from the patient’s left hand to the
proximal end of the radial process (the radial arterial pulse
point). After local anesthesia, the site was punctured using
a specialized single-arm needle (PSI-4F-11-018; Merit
Medical). The guide wire (LWSTDA35180; Merit Medical)
and 4-F vascular sheath (PSI-4F-11-018; Merit Medical)
were then inserted and anticoagulant and antispasmodic
(heparin 2,000 U + nitroglycerin 200 pg + normal saline
20 mL) medicines were administered. Under fluoroscopy, a
specialized 4-F radial artery catheter (PV412538U1; Merit
Medical) with the help of a guide wire was inserted into the
phrenic artery, celiac trunk artery, common hepatic artery,
superior mesenteric artery, and renal artery, depending
on tumor location. The micro catheter (2.7f130cm;
Merit Medical) was then guided to the target vessel for
chemoembolization with the help of a micro guide wire
(28mc24150sn; Merit Medical). After the procedure was
finished, an arterial electronic compression hemostat (AP-
S-180; Rising Medical) was utilized to control the bleeding.

Statistical analysis

The software SPSS 22.0 IBM Corp., Armonk, NY, USA)
and R with “rms” and “nomogramEx” packages were used
for statistical analysis. Continuous variables were expressed
as mean = standard deviation (SD), and independent
sample 7-test was used for comparison between groups.
Classification variables were expressed in terms of the
number of cases and the corresponding proportion, and
Fisher’s test was used for comparison between groups. The
sample size was estimated with the method of events per
variable (EPV) (10) and the sample size was enough in this
study. Logistic regression analysis was used to determine
the risk factors for pain level after TACE treatment, and
variables with P<0.1 obtained from univariate analysis
were included in multivariate analysis to build a predictive
model. A nomogram was drawn based on the prediction
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model. The area under the receiver operating characteristic
(ROC) curve (AUC) was used to assess the predictive
performance of various indicators for postoperative pain.
AUC values vary between 0.5 and 1, where 0.5 represents a
bad diagnostic test and 1 represents an excellent diagnostic
test (11). The Youden index was used to judge the best
nomogram score. The Hosmer-Lemeshow (HL) test and
calibration plot were used to evaluate the consistency
between the predicted and actual probability. To illustrate
the clinical relevance of the nomogram, decision curves
were drawn to quantify the net benefit for patients at
different threshold probabilities. All tests were two-tailed
and a P value <0.05 was considered statistically significant.

Results
Demographic and clinical data

A total of 255 patients who underwent initial TACE at
our institution were screened for this study. For our study,
the random number seed 20210101 was set, and the total
cohort was randomly divided into training cohort (n=170)
and verification cohort (n=85) in a 2:1 ratio. The general
characteristics are shown in 7Zable 1.

The patients in this study were 80.39% male, with an
average age of 56 years. The liver function of most patients
was classified as Child-Pugh A (85.49%); 48.63% had three
or fewer tumors, whereas 40.78% had more than three
tumors. The average diameter of the largest tumor was
68.04 mm, and 62.8% of patients had tumors diagnosed
either as Barcelona Clinic Liver Cancer (BCLC) stage C
or D. The preoperative levels of alpha-fetoprotein (AFP),
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and total bilirubin (TBIL) of the patients are
described in Table 1. In this study, 146 patients (57.25%)
were treated with TACE through radial artery approach
to alleviate postoperative discomfort induced by limb
immobilization. Furthermore, most participants received
superselective embolization, with only eight patients having
no obvious tumor arteries therefore undergoing non-
superselective embolization.

Before TACE, all cases had no pain reported. After
TACE, we found that 20.1% of cases experienced moderate
to severe pain. Personalized analgesic therapy based on the
recommendations of members of a specialized pain team
was implemented, and after appropriate pain management
was attained using oral analgesics alone, the patients’ pain
was relieved.
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Univariate analysis and multivariate analysis in training
cobort

In the training cohort, the univariate analysis found a
potential correlation between tumor number [odds ratio
(OR), 2.13; 95% confidence interval (CI): 0.94-4.81], tumor
size of the largest tumor (OR, 1.01; 95% CI: 1.00-1.02),
BCLC stage (OR, 3.72; 95% CI: 1.04-13.32), microspheres
volume (OR, 1.05; 95% CI: 0.99-1.12), operation time
(OR, 1.01; 95% CI: 1.00-1.02), and postoperative pain
levels (all P<0.1). Since the BCLC stage is associated
with tumor number and tumor size of the largest tumor,
the multivariate analysis only included tumor number,
tumor size of the largest tumor, microspheres volume, and
operation time. It was found that tumor size of the largest
tumor (OR, 1.01; 95% CI: 1.00-1.02) was an independent
risk factor for moderate to severe pain levels after TACE.
The results of the univariate and multivariate analysis are
shown in Tuble 2.

Construction of prediction model and prediction efficiency
analysis

The prediction model of postoperative pain levels after
TACE consists of tumor number, tumor size of the largest
tumor, microsphere volume, and operation time and can
be expressed using the following formula: logit(P) = 0.702
x tumor number + 0.011 x tumor size of the largest tumor
+ 0.028 x microsphere volume + 0.008 x operation time-
3.447. When these variables were applied, the AUC for
postoperative moderate to severe pain was 0.71 (95% CI:
0.62-0.80), suggesting that the model has a high degree of
differentiation (Figure 14). The HL test was performed to
analyze the calibration of the prediction model, and it showed
no statistically significant difference between the predicted
and actual values, indicating a high calibration ability of the
prediction model (HL test x’=10.963, P=0.204; Figure 1B).

Validation of the prediction model

The validation cohort was used for verification. When
utilizing the previously identified four indicators, the AUC
for moderate to severe postoperative pain was 0.74 (95%
CI: 0.62-0.85), indicating that this model has a high degree
of differentiation (Figure 24). The HL test was again used
to evaluate the calibration of this prediction model, and
showed no statistically significant difference between the
predicted and actual values of the model, suggesting that
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Table 1 Demographic and clinical data

Variables Total (n=255) Training cohort (n=170) Validation cohort (n=85) P value
Sex 0.094
Male 205 (80.39) 142 (83.53) 63 (74.12)
Female 50 (19.61) 28 (16.47) 22 (25.88)
Age (years) 56+13 56+12 55+13 0.768
Child-Pugh grade 0.065
A 218 (85.49) 151 (88.82) 67 (78.82)
B 35 (13.73) 18 (10.59) 17 (20.00)
C 2 (0.78) 1(0.59) 1(1.18)
Tumor number 0.888
<3 124 (48.63) 83 (48.82) 41 (48.24)
>3 104 (40.78) 68 (40.00) 36 (42.35)
Tumor size of the largest tumor (mm) 68.04+46.38 64.77+41.96 74.41+53.69 0.138
BCLC stage 0.076
A 52 (20.39) 37 (21.76) 15 (17.65)
B 32 (12.55) 26 (15.29) 6 (7.06)
C 141 (55.29) 89 (52.35) 52 (61.18)
D 1(0.39) 0 1(1.18)
AFP level (ng/mL) 0.482
<400 163 (63.92) 106 (62.35) 57 (67.06)
>400 86 (33.73) 60 (35.29) 26 (30.59)
Preoperative ALT (U/L) 49.34+45.48 46.85+49.41 54.36+35.98 0.216
Preoperative AST(U/L) 69.87+125.31 61.67+85.17 86.27+180.22 0.235
Preoperative TBIL (umol/L) 25.21+£108.10 18.30+27.59 39.02+183.08 0.302
TACE routes 0.894
Radial artery 146 (57.25) 98 (57.65) 48 (56.47)
Femoral artery 109 (42.74) 72 (42.35) 37 (43.53)
Superselective TACE 0.447
Yes 247 (96.86) 166 (97.65) 81 (95.29)
No 8(3.14) 4 (2.35) 4(4.71)
Lipiodol (mL) 10.07+4.13 10.13+4.14 9.95+4.12 0.748
Microspheres volume (mL) 3.6+5.6 3.9+6.0 3.0+4.6 0.216
Pirarubicin (mL) 37.92+£19.70 37.59+19.51 38.59+20.19 0.703
Lobaplatin (mL) 17.54+19.96 16.88+19.80 18.85+20.35 0.460
NRS-11 score 0.507
<5 203 (79.61) 138 (81.18) 65 (76.47)
>5 51 (20.00) 32 (18.82) 19 (22.35)
Operation time (min) 86.87+38.03 86.87+38.03 83.15+32.79 0.443

Data are presented as n (%) or mean = SD. BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; TBIL, total bilirubin; TACE, transarterial chemoembolization; NRS-11, 11-point numerical rating scale (0
to 10 points); SD, standard deviation.
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Table 2 Univariate and multivariate analysis
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Univariable analysis

Multivariable analysis

Variables
OR (95% ClI) P value OR (95% Cl) P value

Sex

Male/female 0.82 (0.30-2.23) 0.700

Age (years) 1.01 (0.98-1.04) 0.484
Child-Pugh grade

A 1 (reference)

B 1.26 (0.38-4.10) 0.707

C 0.00 (0.00-NA) >0.99
Tumor number

<3 1 (reference) 1 (reference)

>3 2.13 (0.94-4.81) 0.069 2.02 (0.84-4.84) 0.115
Tumor size of the largest tumor (mm) 1.01 (1.00-1.02) 0.007 1.01 (1.00-1.02) 0.032
BCLC stage

A 1 (reference)

B 2.70 (0.58-12.48) 0.204

C 3.72 (1.04-13.32) 0.043
AFP level (ng/mL)

>400/<400 1.71 (0.77-3.81) 0.188
Preoperative ALT (U/L) 1.00 (0.99-1.01) 0.530
Preoperative AST (U/L) 1.00 (1.00-1.01) 0.568
Preoperative TBIL (umol/L) 1.00 (0.99-1.02) 0.804
TACE procedures

TRA/TFA 1.80 (0.79-4.07) 0.162
Superselective TACE

Yes/no 3.86E+8 (0-NA) >0.99
Lipiodol (mL) 1.06 (0.97-1.15) 0.208
Microspheres volume (mL) 1.05 (0.99-1.12) 0.090 1.03 (0.97-1.10) 0.372
Pirarubicin (mL) 1.01 (0.99-1.03) 0.329
Lobaplatin (mL) 1.00 (0.98-1.02) 0.844
Operation time (min) 1.01 (1.00-1.02) 0.044 1.01 (1.00-1.02) 0.117

OR, odds ratio; Cl, confidence interval; NA, not available; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; TACE, transarterial chemoembolization; TRA, transradial access;

TFA, transfemoral access.
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Figure 1 ROC curve and calibration curve in training cohort. In the training cohort, we drew the ROC curve to judge the predictive value

of our scoring system for postoperative pain level. The results showed that the AUC was 0.71 (A). Similarly, the results of the calibration

curve suggest that there is a high correlation between the possibility of predicted pain and the possibility of actual pain (r=0.68, P=0.03) (B).

AUC, area under the ROC curve; ROC, receiver operating characteristic; CI, confidence interval.
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Figure 2 ROC curve and calibration curve in validation cohort. In the validation cohort, we drew the ROC curve to judge the predictive

value of our scoring system for postoperative pain level. The results showed that the AUC was 0.74 (A). Similarly, the results of the

calibration curve suggest that there is a high correlation between the possibility of predicted pain and the possibility of actual pain (r=0.80,

P<0.01) (B). AUC, area under the ROC curve; ROC, receiver operating characteristic; CI, confidence interval.

the novel prediction model had high calibration ability (HL
test 3'=8.516, P=0.385; Figure 2B).

Predictive effect of nomogram on the risk of postoperative
pain after TACE

We developed a nomogram of the novel prediction model
using the training cohort for better clinical application
(Figure 3). The scores for each patient were calculated

© Journal of Gastrointestinal Oncology. All rights reserved.

based on the tumor number, tumor size of the largest
tumor, microsphere volume, and operation time, with a
cut-off value of 72.90 set as a threshold. Patients in the
training and validation cohorts were divided into two
groups: high-risk and low-risk, according to this threshold.
In the training cohort, the incidence rate of post-TACE
pain was higher in the high-risk group (29/98, 29.59%)
than in the low-risk group (1/52, 1.92%) (P=0.001).
Similarly, in the validation cohort, the incidence rate was
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Figure 3 Nomogram for predicting postoperative pain after TACE. Using the data from the training cohort, we created a nomogram based

on four variables: tumor number, tumor size of the largest tumor, microsphere volume, and operation time. This nomogram is convenient

for clinical use to assess the risk of moderate to severe pain after TACE. TACE, transarterial chemoembolization.
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Figure 4 Decision curve analysis of the nomogram. Decision
curve analysis was conducted in the training cohort. The gray line
indicates the condition that all patients have moderate to severe
postoperative pain. The horizontal solid line assumes the condition
that no patient has moderate to severe postoperative pain. As
can be seen from the figure, when the high-risk threshold is 0
to 0.35, the net benefit rate is greater than 0, which is of clinical
significance. Moreover, the smaller the value, the higher the net

benefit and the greater the clinical significance.

higher in the high-risk group (19/57, 33.33%) than in the
low-risk group (0/19, 0%), with a statistically significant
difference (P=0.002). Furthermore, the decision curve
analysis indicated that the model is capable of accurately

predicting postoperative pain (Figure 4).

© Journal of Gastrointestinal Oncology. All rights reserved.

Discussion

TACE serves as a pivotal treatment for intermediate and
advanced liver cancer, significantly improving survival
rates and potentially enabling some patients for curative
interventions (12,13). Our study builds on this foundation
by addressing the management of post-embolization
syndrome (PES), a notable side effect of TACE, through a
novel predictive scoring system for post-TACE pain in liver
cancer patients (14-16).

We identified that factors such as tumor number, size,
microsphere volume, and operative time are closely associated
with the occurrence of post-TACE pain (17-19). These
findings are in line with previous studies, underscoring
the relationship between tumor characteristics and post-
treatment outcomes. Notably, our work advances the
understanding of PES by distinguishing it clearly as a
treatment side effect, rather than a complication, and by
providing a quantifiable means to predict its severity (20,21).

Our predictive model, substantiated by a robust
multivariate analysis, offers a practical tool for clinicians
to assess the risk of significant pain post-TACE, thereby
facilitating tailored perioperative pain management
strategies. This approach not only enhances patient
comfort but also integrates seamlessly with the principles
of enhanced recovery after surgery (ERAS) (22-24),
contributing to improved postoperative care and potentially
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reducing healthcare costs.

Despite the promising implications of our study, it
is important to acknowledge its limitations, including
the sample size and the retrospective design, which may
affect the generalizability of our findings. Future research
should aim for external validation of our predictive model
and explore the prospective application in diverse clinical
settings.

Conclusions

Our study presents a significant stride towards optimizing
post-TACE patient care by enabling the preemptive
identification of individuals at higher risk for severe pain,
thereby refining pain management protocols and supporting
the broader adoption of ERAS principles in liver cancer
treatment.
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