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Background: Microvascular invasion (MVI) is an independent risk factor associated with tumor recurrence
and poor survival in patients with intrahepatic cholangiocarcinoma (ICC) after partial hepatectomy (PH).
The potential impact of adjuvant TACE on the prognosis of patients with ICC involving MVI (ICC-MVI)
remains uncertain. Our aim was to investigate the effectiveness of postoperative adjuvant transarterial
chemoembolization (TACE) on ICC involving MVI.

Methods: Multicentric data consisted of 223 patients who underwent curative-intent PH for ICC-MVI
from 2002-2015 were retrospectively analyzed. The impact of adjuvant TACE was evaluated using inverse
probability of treatment weighting IPTW) and propensity-score matched (PSM) analyses.

Results: No association between the TACE and the overall survival (OS) and recurrence rates was observed
among the overall ICC-MVI patients. However, subgroup analyses revealed that adjuvant TACE favored
OS (HR, 0.62; 95% CI, 0.39-0.99; P=0.047) and time to recurrence (TTR) (HR, 0.59; 95% CI, 0.36-0.97;
P=0.037) among patients with elevated CA19-9 and those without lymphadenectomy (HR, 0.53; 95% CI,
0.30-0.93; P=0.027 for OS, and HR, 0.49; 95% CI, 0.28-0.87; P=0.015 for T'TR, respectively). In the CA19-
9 >39 U/L subgroup and Nx subgroup, adjuvant TACE was associated with higher 1-, 3-, and 5-year OS
rates (P=0.033 and P=0.034, respectively) and lower corresponding recurrence rates (P=0.024 and P=0.023,
respectively).

Conclusions: Among the ICC-MVI patients undergoing curative-intent PH, only those have elevated
CA19-9 or who did not undergo lymphadenectomy might be suitable for adjuvant TACE.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second
most common liver cancer after hepatocellular carcinoma
(HCC) with an increasing incidence worldwide (1). Partial
hepatectomy (PH) is currently the only well-established
treatment aiming at cure for ICC. However, the long-term
prognosis after PH for ICC is dismal due to high incidence
of tumor recurrence (2). Efforts to investigate effective
postoperative adjuvant therapy may improve the long-term
survival outcomes in patients with ICC.

Adjuvant transarterial chemoembolization (TACE)
has been demonstrated to be effective among patients
undergoing curative-intent PH for HCC with aggressive
histopathological features observed in previous studies (3-7).
However, no universally accepted adjuvant treatment exists
for surgically resected ICC. Although TACE is frequently
used in patients with unresectable ICC (8-10), studies on
adjuvant TACE among ICC patients undergoing PH are
nevertheless limited. Previous studies reported that adjuvant
TACE could prolong the overall survival (OS) of ICC
patients with early recurrence (11) or advanced ICC (12).
Recently, Jeong ez al. showed that adjuvant TACE effectively
improves prognosis of ICC related to hepatitis B virus
(HBV)- with arterial phase enhancement in CT scans (13).
Another study suggested that adjuvant TACE may be
indicated for ICC patients with elevated serum gamma-
glutamyl transferase (GGT) levels (14). These studies
indicate that adjuvant TACE may improve the long-term
outcomes in certain ICC patients.

Microvascular invasion (MVI) is a well-defined risk
factor associated with tumor recurrence and poor OS in
patients with ICC after PH (15-18). It is currently unclear
whether adjuvant TACE improves the long-term prognosis
in patients with ICC involving MVI (ICC-MVI) after PH
is unclear. Our previous study revealed that adjuvant TACE
following PH might be suitable for ICC patients with high
ICC nomogram scores (>77) (19). In this study, we used a
database from a multicentric cohort of patients with ICC-
MVI to evaluate the causal effects of adjuvant TACE on
ICC-MVI after PH, using propensity score analyses to
emulate a randomized controlled trial. We present the
following article in accordance with the STROBE reporting
checklist (Available at http://dx.doi.org/10.21037/jgo-20-
443).
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Methods
Study population

All patients with ICC-MVI undergoing curative-intent
PH at the Eastern Hepatobiliary Surgery Hospital (Second
Military Medical University, Shanghai), the Zhongda
Hospital (Southeast University, Nanjing), and the Qin
Huai Medical District of Eastern Theater General Hospital
(Bayi Hospital, Nanjing) between December 2002 and
November 2015 were considered to be enrolled in this
retrospectively study. All of the enrolled patients were
confirmed by histopathological findings. The inclusion
criteria included patients with: (I) curative-intent PH for
ICC; and (II) age older than 18 years. The exclusion criteria
included patients with: (I) macrovascular invasion; (II) a
history of other malignancies; (III) R1 and R2 resections;
(IV) preoperative anticancer or neoadjuvant therapy; (V)
lipiodol concentration foci detected by TACE; (VI) other
postoperative adjuvant therapy (adjuvant chemotherapy,
etc.); (VII) death within 30 days of operation and (VIII) loss
to follow-up. The study flow chart is shown in Figure 1.

Clinicopathological factors and definitions

The patients’ clinicopathological data of the included
patients were retrospectively collected. An RO resection
was defined as complete removal of nodules with a negative
surgical margin confirmed by microscopic histological
examination (20). The definition of MVI was microscopic
tumor invasion in a portal vein, hepatic vein or large capsular
vessel of the surrounding hepatic tissue contiguous to the
tumor (21). All of the patients were restaged according
to the AJCC TNM staging manual 8" edition (22).
Tumor recurrence was defined as imaging findings or
biopsy-proven tumor, and OS was defined as the interval
between the date of PH and the date of patient death or
the last follow-up. Time to recurrence (T'TR) was the
interval between the date of PH and the date of diagnosis of
recurrence.

Postoperative adjuvant TACE

Adjuvant TACE was carried out within 2 months after PH
using the Seldinger technique. Briefly, microcatheter was
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Figure 1 Flow chart of the study.

inserted into an appropriate hepatic artery through femoral
artery, and iodized oil emulsion (3-5 mL), 5-fluorouracil
(500 mg), hydroxycamptothecin (10 mg), and epirubicin
(20 mg) were injected into the liver through the catheter.

Follow-up

Patients were followed-up once every 2 months in
the first 2 years after surgery and then once every 3-
6 months thereafter. In each follow-up visit, serum tumor
markers that included carbohydrate antigen (CA) 19-9,
carcinoembryonic antigen (CEA), and alpha-fetal protein
(AFP); liver function; chest radiography; and abdominal
ultrasound were routinely conducted. CT/MRI was
performed every 6 months or earlier if clinically indicated.
Once tumor recurrence was diagnosed, patients were
treated with repeat resection, percutaneous ablation, TACE,
radiotherapy, or supportive care.

Statistics analysis

Continuous variables expressed as median (range) or means
+ standard deviations (SDs) were compared using Mann-
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Whitney or t test between the adjuvant TACE and non-
TACE groups, whereas categorical variables were reported
as numbers and percentages and compared using chi-
square or Fisher test. The OS and recurrence rates were
estimated using Kaplan-Meier and compared by log-rank
test. Univariate and multivariate analyses of the entire
data were performed using the Cox proportional hazards
regression model for recurrence and OS. Propensity scores
were calculated by a multivariable logistic regression model,
with adjuvant TACE status regressed on age (continuous
variable), sex (female/male), HBsAg (negative/positive),
cirrhosis (no/yes), CEA level (<5/>5 pg/L), CA 19-9 level
(<39/239 U/mL), tumor size (<5/>5 c¢m), tumor number
(single/multiple), differentiation (well-moderate/poor),
lymph node status (NO/Nx/N1), visceral peritoneum
invasion (no/yes), and direct invasion of adjacent organs
(no/yes). Nearest neighbor with a caliper of default width
of the SD of the logit of the propensity score was used (23).
Standardized mean difference (SMD) was used to compare
balance among covariates, with a value of <0.10 indicating
good balance (24). Inverse probability of treatment
weighting (IPTW) based on the propensity score was
used to construct a weighted cohort of patients who had
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similar baseline characteristics. To reduce the variability
in the IPTW models, we used stabilized weights (25). A
1:1 propensity-score matched (PSM) analysis was also
conducted. To assess the robustness of our results, a robust
sandwich estimator was also used. In the subgroup analysis,
Cox regression model was utilized to calculate the hazard
ratios (HR) and 95% CI.

Statistical analyses were conducted using R software
(version 3.5.1, R Foundation) and SAS (version 9.4; SAS
Institute); PSM analyses were conducted using the Matchlt
package (version 3.0.2). A two-tailed P value of less than 0.05
was considered statistically significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethics committees of each
of the involved hospitals (NO. EHBHKY2020-K-027,
2020ZDSYLLO010-P01, and 81YY-KYLL-19-05). Informed

consent was routinely obtained before surgery.

Results
Baseline characteristics before and after IPTW

A total of 223 patients with ICC-MVI was enrolled in the
study after 74 were excluded, among them 68 (30.5%)
patients received adjuvant TACE (Figure 1). lable 1 shows
the SMD of the baseline covariates before and after IPTW.
Before IPTW, 60.0% (93/155) of patients in the non-
TACE group and 44.1% (30/68) of patients in the adjuvant
TACE group had elevated preoperative serum CA19-
9 level (P=0.040); direct invasion of adjacent organ was
more frequent in the non-TACE group (9.7% vs. 1.5%,
P=0.044). Moreover, 33.5% (52/155) of patients in the non-
TACE group and 52.9% (36/68) patients in the adjuvant
TACE group did not undergo lymphadenectomy. Among
the patients who underwent lymphadenectomy, lymph node
metastasis rates were 48.5% (50/103) in the adjuvant TACE
group and 31.2 (10/32) in the non-TACE group (P=0.007).
In addition, 9.7% (15/155) patients in the non-TACE group
and 1.5% (1/68) of patients in the adjuvant TACE group
were at ‘14 stage (P=0.035).

After IPTW, the covariates were well-balanced in the
propensity-weighted cohort as presented in the Tuble 1. In
addition, after 1:1 PSM, 68 patients were matched in each
group and the baseline characteristics were well-balanced
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between the two groups (Table S1).

Prognosis of patients treated with or without adjuvant
TACE before and after IPTW

The study was censored on January 21, 2019. During
a median follow-up of 80.9 months, tumor recurrence
occurred in 42 patients (61.8%) in the adjuvant TACE
group and 99 patients (63.9%) in the non-TACE group.
Before IPTW, the median OS in the adjuvant TACE and
non-TACE groups was 17.2 months and 12.0 months,
respectively. The 1-, 3-, and 5-year OS rate in the adjuvant
TACE group were 70.3%, 31.9%, and 17.5%, respectively,
which were significantly higher than those in the non-
TACE group (50.3%, 20.7%, and 11.0%, respectively;
P=0.029; Figure 2A4). The median TTR in the adjuvant
TACE group and the non-TACE group was 9.4 months and
6.8 months, respectively. The 1-, 3-, and 5-year recurrence
rates in the adjuvant TACE group were 57.2%, 78.5%, and
82.8%, respectively, which were significantly lower than
those in the non-TACE adjuvant group (68.7%, 88.7%, and
91.9%, respectively; P=0.040; Figure 2B).

In IPTW analyses, no significant differences were found
in the 1-, 3-, and 5-year OS rates (69.4%,27.7%, and 16.7%
vs. 53.0%, 23.6%, and 14.3%, P=0.304; Figure 2C) and the
corresponding recurrence rates (61.6%, 82.6%, and 85.4%
vs. 66.1%, 85.3%, and 90.1%, P=0.405; Figure 2D) between
the 2 weighted cohorts.

Prognosis of patients treated with or without adjuvant
TACE before and after PSM

The 1:1 PSM analysis generated 68 pairs of patients, and
the baseline characteristics of the 2 groups are shown
in Table S1. Consistent with the findings by the IPTW
analyses, similar results were obtained after the PSM
analyses. Adjuvant TACE was not significantly associated
with better long-term outcomes in the ICC patients with
MVI (Figure S1).

Independent risk factors for prognosis of patients in the
entire cobort

After univariate analysis (Table S2), multivariate analysis
of all study patients showed that elevated serum CA19-9
level (HR, 1.38; 95% CI, 1.02-1.87; P=0.037) and lymph
node involvement (N1 vs. NO: HR, 1.54; 95% CI, 1.05-
2.26; P=0.026) were independent risk factors for tumor
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Table 1 Clinicopathological characteristics of ICC patients with MVI before and after IPTW analysis
Unweighted population IPTW weighted population

Variable Total (n=223) N(c;r:;FsA; E Ad u(\:]T;;)'ACE Pvalue SMD N(c:}r:’:; EAd u(\:]T;;)'ACE Pvalue SMD

Age in years 51.4+10.6  51.7+10.6 50.7+10.7 0.506 0.097 51.3+10.5 52.2+12.3 0.698 0.077

Gender, n (%) 0.092 0.282 0.892 0.024
Female 54 (24.2) 43 (27.7) 11 (16.2) 37.6 (24.3) 15.9 (23.2)
Male 169 (75.8) 112 (72.3) 57 (83.8) 117.4 (75.7) 52.4 (76.8)

HBsAg, n (%) 0.120 0.250 0.885 0.025
Negative 111 (49.8) 83 (53.5) 28 (41.2) 78.1 (50.4) 35.2 (51.6)
Positive 112 (50.2) 72 (46.5) 40 (58.8) 76.9 (49.6) 33.0 (48.4)

Anti-HCV, n (%) 0.092 0.246 0.054 0.266
Negative 221(99.1) 155 (100.0) 66 (97.1) 155.0 (100.0) 65.9 (96.6)
Positive 2(0.9) 0(0.0) 2(2.9) 0.0 (0.0) 2.3 (3.4)

Cirrhosis, n (%) 0.136 0.237 0.612 0.076
No 161 (72.2) 117 (75.5) 44 (64.7) 112.8 (72.8) 51.9 (76.1)
Yes 62 (27.8) 38 (24.5) 24 (35.3) 422 (27.2) 16.3 (23.9)

Child-Pugh class, n (%) 0.237 0.215 0.939 0.018
A 209 (93.7) 143 (92.3) 66 (97.1) 144.9 (93.5) 64.1(93.9)
B 14 (6.3) 12 (7.7) 2 (2.9 10.1 (6.5) 4.1 (6.1)

CEA (ug/L), n (%) 0.996 0.024 0.726  0.058
<5 159 (71.3) 110 (71.0) 49 (72.1) 111.4(71.9)  50.8 (74.5)
>5 64 (28.7) 45 (29.0) 19 (27.9) 43.5 (28.1) 17.4 (25.5)

CA 19-9 (U/mL), n (%) 0.040 0.322 0.91 0.019
<39 100 (44.8) 62 (40.0) 38 (55.9) 70.3 (45.3) 31.6 (46.3)
>39 123 (55.2) 93 (60.0) 30 (44.1) 84.7 (54.7) 36.6 (53.7)

Gross type of tumor, n (%) 0.106 0.255 0.811 0.043
MF 180 (80.7) 130 (83.9) 50 (73.5) 124.9 (80.6) 53.8 (78.9)
Pl 43 (19.3) 25 (16.1) 18 (26.5) 30.1 (19.4) 14.4 (21.1)

Tumor diameter (cm), n (%) 0.412 0.143 0.895 0.024
<5 76 (34.1) 56 (36.1) 20 (29.4) 52.9 (34.1) 24.1 (35.3)
>5 147 (65.9) 99 (63.9) 48 (70.6) 102.1 (65.9) 44.2 (64.7)

Tumor number, n (%) 0.416 0.141 0.662 0.078
Solitary 167 (74.9) 119 (76.8) 48 (70.6) 116.4 (75.1)  48.9(71.7)
Multiple 56 (25.1) 36 (23.2) 20 (29.4) 38.6 (24.9) 19.3 (28.3)

Differentiation, n (%) 0.477 0.134 0.926 0.015
Well/Moderate 200 (89.7) 141 (91.0) 59 (86.8) 136.6 (88.1) 60.4 (88.6)
Poor 23 (10.3) 14 (9.0 9(13.2) 18.4 (11.9) 7.8(11.4)

Table 1 (continued)
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Unweighted population

IPTW weighted population

Variable Total (n=223) NZ:EE,C)E Adj“g;]a:ésT)ACE Pvalue SMD N;”J:; E Adj“g;]a:ésT)ACE Pvalue SMD
Visceral peritoneum invasion, n (%) 0.438 0.100 0.823 0.032
No 216 (96.9) 151 (97.4) 65 (95.6) 149.8 (96.6) 66.3 (97.2)
Yes 7 (3.1) 4 (2.6) 3 (4.4) 5.2 (3.4) 1.9(2.9)
Direct invasion, n (%) 0.044 0.364 0.833 0.055
No 207 (92.8) 140 (90.3) 67 (98.5) 143.8 (92.8) 64.2 (94.1)
Yes 16 (7.2) 15 (9.7) 1(1.5) 11.2(7.2) 4.0 (5.9)
Regional nodal metastasis, n (%) 0.007 0.482 0.791 0.113
NO 75 (33.6) 53 (34.2) 22 (32.4) 51.0 (32.9) 19.9 (29.2)
Nx 88 (39.5) 52 (33.5) 36 (52.9) 62.1 (40.1) 26.6 (39.0)
N1 60 (26.9) 50 (32.3) 10 (14.7) 41.8 (27.0) 21.7 (31.8)
T stage 8th, n (%) 0.035 0.386 0.939 0.055
T2 201 (90.1) 137 (88.4) 64 (94.1) 139.4 (89.9) 62.3 (91.3)
T3 6 (2.7) 3(1.9) 3 (4.4) 4.5 (2.9) 1.9 (2.8)
T4 16 (7.2) 15 (9.7) 1(1.5) 11.2(7.2) 4.0 (5.9)
TNM stage 8th, n (%) 0.002 0.564 0.837 0.175
Not Available 88 (39.5) 52 (33.5) 36 (52.9) 62.1 (40.1) 26.6 (39.0)
I 66 (29.6) 44 (28.4) 22 (32.4) 43.7 (28.2) 19.9 (29.2)
A 2(0.9) 2(1.3) 0(0.0) 2.3 (1.5) 0(0.0)
1B 67 (30.0) 57 (36.8) 10 (14.7) 46.9 (30.3) 21.7 (31.8)

ICC, intrahepatic cholangiocarcinoma; MVI, microvascular invasion; IPTW, Inverse Probability of Treatment Weighting; TACE, transarterial
chemoembolization; SMD, standardized mean differences; HBsAg, hepatitis B surface antigen; Anti-HCV, antibody to hepatitis virus C;
CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; MF, mass-forming; PI, periductal infiltrative; NO, no regional lymph
node metastasis; Nx, regional lymph node metastasis cannot be assessed; N1, regional lymph node metastasis present; TNM, tumor,

node, metastases.

recurrence. With respect to OS, elevated serum CA19-
9 level (HR, 1.53; 95% CI, 1.13-2.05; P=0.005), tumor
diameter >5 cm (HR, 1.46; 95% CI, 1.06-2.00; P=0.019),
multiple tumor (HR, 1.68; 95% CI, 1.21-2.33; P=0.002),
direct invasion (HR, 1.81; 95% CI, 1.06-3.10; P=0.030),
and lymph node involvement (N1 vs. NO: HR, 1.63; 95%
CI, 1.13-2.36; P=0.009) were significant poor prognostic
factors for OS in patients with ICC-MVI. Notably, the
adjuvant TACE was not and independent factor for OS and
recurrence in the whole cohort (Tuble 2).

© Journal of Gastrointestinal Oncology. All rights reserved.

Subgroup analyses for the effect of adjuvant TACE

Next, we performed subgroup analyses by the independent
risk factors identified by the multivariable cox regression
analysis. As direct invasion was presented in only one
patient in the TACE group, its subgroup was not analyzed.
In the weighted cohort, Cox regression model revealed that
adjuvant TACE favored for OS (HR, 0.62; 95% CI, 0.39-
0.99; P=0.047) and TTR (HR, 0.59; 95% CI, 0.36-0.97;
P=0.037) among patients with elevated CA19-9, as well as

7 Gastrointest Oncol 2021;12(2):819-830 | http://dx.doi.org/10.21037/jgo-20-443
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Figure 2 Kaplan-Meier survival curves of OS and tumor recurrence before (A,B) and after (C,D) IPTW analysis among ICC-MVI patients

who underwent curative-intent partial hepatectomy, according to adjuvant TACE status. The at-risk table shows the actual number of

patients at risk. OS, overall survival; IPTW, inverse probability of treatment weighting; ICC, intrahepatic cholangiocarcinoma; MVI,

microvascular invasion; TACE, transarterial chemoembolization.

those without lymphadenectomy (HR, 0.53; 95% CI, 0.30-
0.93; P=0.027 for OS, and HR, 0.49; 95% CI, 0.28-0.87;
P=0.015 for TTR, respectively) No significant difference of
prognosis between the TACE and non-TACE was observed
among the patients in other subgroups (Figure 3). Similarly,
results obtained from the PSM analyses are in accordance
with the findings revealed by the IPTW analyses
(Figure S2).

In the CA19-9 239 U/L subgroup, the 1-, 3-, and 5-year
OS rates were 71.4%, 26.6%, and 14.3% for TACE patients
with a median OS of 13.2 months; and 39.5%, 13.3%,
and 6.4% for non-TACE patients with a median OS of
8.6 months, respectively (P=0.033; Figure 44). The median
TTR was 8.0 months for TACE patients and 5.9 months
for non-TACE patients. In addition, the 1-, 3-, and 5-year
recurrence rates were 56.4%, 81.0%, and 84.8% in TACE
patients, and 75.4%, 93.1%, and 96.6% in non-TACE
patients, respectively (P=0.024; Figure 4B).

In the Nx subgroup, the median OS and TTR were

© Journal of Gastrointestinal Oncology. All rights reserved.

38.3 months and 18.9 months for TACE patients and 18.6
and 7.1 months for non-TACE patients. Adjuvant TACE
was associated with higher 1-, 3-, and 5-year OS rates
(82.6%, 50.4%, and 31.3% wvs. 54.7%, 24.3%, and 15.0%,
respectively; P=0.034; Figure 4C) and lower corresponding
recurrence rates (42.4%, 57.0%, and 64.9%, vs. 66.1%,
81.7%, and 90.9%, respectively; P=0.023; Figure 4D).

Discussion

Our current study investigated the impact of adjuvant
TACE on patients with ICC involving MVI after curative-
intent PH. Our findings suggest that adjuvant TACE was
only associated with lower recurrence and better OS in
the ICC-MVI patients with elevated CA19-9 or without
lymphadenectomy. These finding were consistent and
robust across IPTW and PSM analyses.

Previously, many studies indicated that adjuvant
TACE might provide survival benefits for patients with
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Table 2 Multivariable cox regression analysis in the whole ICC-MVI patients (n=223)

Tumor recurrence (O]
Variable
P value HR 95% CI P value HR 95% CI

CA 19-9, U/mL, =39 vs. <39 0.037 1.38 1.02-1.87 0.005 1.53 1.13-2.05
Tumor diameter (cm), >5 vs. <5 0.248 1.21 0.88-1.66 0.019 1.46 1.06-2.00
Tumor number, Multiple vs. Solitary 0.209 1.25 0.88-1.75 0.002 1.68 1.21-2.33
Direct invasion, Yes vs. No 0.386 1.29 0.73-2.27 0.030 1.81 1.06-3.10
Regional nodal metastasis

Nx vs. NO 0.399 0.86 0.60-1.23 0.472 0.88 0.62-1.25

N1 vs. NO 0.026 1.54 1.05-2.26 0.009 1.63 1.13-2.36
Adjuvant TACE, Yes vs. No 0.177 0.79 0.56-1.11 0.208 0.81 0.58-1.12

ICC-MVI, intrahepatic cholangiocarcinoma involving microvascular invasion; OS, overall survival; HR, hazard ratio; CA19-9, carbohydrate
antigen 19-9; NO, no regional lymph node metastasis; Nx, regional lymph node metastasis cannot be assessed; N1, regional lymph node

metastasis present; TACE, transarterial chemoembolization.

0os TTR

Subgroup n HR (95%Cl) P value HR (95%Cl) P value
Tumor diameter

<5 76 e 0.77 (0.41-1.45) 0.418 — 1.06 (0.51-1.74) 0.845

>5 147 —— 0.86 (0.58-1.27) 0.434 —a— 0.80 (0.53-1.21) 0.297
Tumor number

single 167 —— 0.76 (0.51-1.13) 0.178 —— 0.84 (0.55-1.27) 0.407

multiple 56 —_—— 1.21 (0.70-2.08) 0.504 —— 0.89 (0.50-1.61) 0.711
CA 19-9

<39 100 — 1.15(0.71-1.86) 0.568 — 1.22 (0.75-2.00) 0.428

>39 123 —— 0.62 (0.39-0.99) 0.047 —— 0.59 (0.36-0.97) 0.037
LNM

NO 75 — 1.30 (0.77-2.26) 0.355 — > 1.24 (0.72-2.13) 0.434

Nx 88 —— 0.53 (0.30-0.93) 0.027 —— 0.49 (0.28-0.87) 0.015

N1 60 _ 0.83 (0.46-1.51) 0.549 —_—s 1.18 (0.61-2.26) 0.624
Overall effects 223 —a— 0.83 (0.59-1.17) 0.287 —a— 0.85 (0.60-1.21) 0.365

0 025 05 075 1 125 15 175 2 0 025 05 075 1 125 15 175 2
Favours adjuvant TACE Favours non-TACE Favours adjuvant TACE Favours non-TACE

Figure 3 Forest plot of impacts of adjuvant TACE on OS and tumor recurrence in subgroup patients after IPTW analysis. Squares

represent point estimates for the hazard ratio as compared with non-TACE, and horizontal lines indicate the associated 95% Cls. Hazard

ratios and P values were estimated with the use of propensity-weighted Cox proportional-hazards models. OS, overall survival; TTR, time

to recurrence; IPTW, inverse probability of treatment weighting; TACE, transarterial chemoembolization.

HCC when MVI presented (3,4,6,7,26). However, the
potential impact of adjuvant TACE on ICC-MVI patients
remains uncertain. In this study, our preliminary results
before IPTW and PSM showed that adjuvant TACE was
associate with better postoperative long-term outcomes
in the ICC patients with MVI. However, when compared
to the baseline clinicopathological characteristics, some
selected biases were observed, which might account for the
differences in prognosis between these 2 groups. Patients

in the non-TACE group had higher incidences of elevated
serum CA19-9 level, direct invasion of adjacent organ, and
lymph node involvement than those in the adjuvant TACE
group. Patients in these two groups differed significantly by
these factors which have been widely proven as independent
risk factors for postoperative prognosis of ICC patients by
various studies (27-30). After the baseline characteristics
of the 2 groups were balanced by IPTW and PSM, the
results showed that adjuvant TACE was not associated with
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Figure 4 Kaplan-Meier survival curves of OS and tumor recurrence among CA19-9 >39 U/L subgroup patients (A,B) and Nx subgroup

patients (C,D) after IPTW. The at-risk table shows the actual number of patients at risk. OS, overall survival; IPTW, inverse probability of

treatment weighting.

improved prognosis among the overall ICC-MVI patients.

It is interesting to note that in subgroup analyses
significant TTR and OS differences between the adjuvant
TACE and non-TACE groups were observed in the CA19-
9 239 U/L and Nx subgroups. The reasons for the TACE’s
positive impacts on these populations are not clear from
our work. In this study, lymphadenectomy was performed
in 135 patients (60.5%), 60 (44.4%) of whom had LN
metastasis. This result indicated that ICC involving MVI
has a relative higher rate of LN metastasis when compared
to that reported in previous studies (31). Moreover, various
studies have demonstrated that elevated preoperative
serum CA19-9 was associated with LN metastasis (32-36).
Concerning 80% or more of hepatic lymph drains through
the periportal lymphatic system to the hilar LNs (37), we
hypothesized that TACE may result in necrosis or inhibition
of micrometastatic foci lay in the deep lymphatic system of
the liver when elevated CA19-9 or nonlymphadenectomy
was presented. Further studies are needed to better
understand the underlying mechanisms.

© Journal of Gastrointestinal Oncology. All rights reserved.

In our series, all of the ICC involved MVI, and the long-
term outcomes in these patients after PH were relatively
poor with high recurrence rate and low OS rates. These
results revealed that MVI is an adverse factor for recurrence
and death of patients with ICC. Various studies have
documented that MVI may lead to intra- and extrahepatic
disseminations through the portal vein or hepatic vein (38),
thus presenting an aggressive tumor biological behavior
associated with advanced tumor characteristics and a
higher risk of tumor recurrence (17,39). Furthermore,
unlike macrovascular invasion, MVI cannot be diagnosed
before surgery, it only can be determined by microscopic
histological examination after surgery (38). As such,
postoperative adjuvant therapy to improve long-term
prognosis should be considered for these patients (40). In
this study, the association between the adjuvant TACE and
better survival was only observed among ICC-MVI patients
with elevated CA19-9 and Nx. Therefore, the role of other
adjuvant therapeutic strategies in the remaining ICC-MVI
patients needs to be investigated.
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In addition, we guess that as a locoregional therapy,
TACE might offer an advantage in the adjuvant setting in
patients with high risk for early intrahepatic recurrence.
While, adjuvant chemotherapy may inhibit the invasion and
metastasis of tumor cells systemically, adjuvant TACE could
potentially improve outcomes in resected ICC-MVI patients
that will receive adjuvant modern chemotherapy as well.

The current study has several limitations. First, patient
selection for adjuvant TACE was not randomized, so
potential selection bias may exist. We have attempted to
directly address this basic limitation using the IPTW and
PSM analyses. Another limitation of this study is that half
of the enrolled patients were diagnosed with HBV-related
ICC; whether our findings can be confirmed in other study
populations is still uncertain. Third, the drug, dosage, and
frequency of adjuvant TACE may affect the outcomes of
patients with ICC. Further well-designed randomized
clinical trials with an ideal regimen of adjuvant TACE will
thus be necessary in the future. Last but not least, although
we have collected the largest number of ICC patients with
MVI so far, the relatively small sample size limits our power
to come to any formal conclusions.

In conclusion, among the ICC-MVI patients who
underwent curative-intent PH, only those have elevated
CA19-9 or who did not undergo lymphadenectomy might
be suitable for adjuvant TACE. Further studies are needed
to confirm the results of this study.
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