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Abstract
Objectives Patients with colorectal liver metastases (CRLM) who underwent hepatic resection after conversion therapy had a
high recurrence rate of nearly 90%. Preoperative DEB-TACE has the potential to prevent postoperative recurrence which has not
been elucidated. The objective of this study was to evaluate the safety and efficacy of preoperative DEB-TACE.
Materials and methods Patients with CRLMwho underwent liver resection from June 1, 2016, to June 30, 2021, were collected
and those who received conversional hepatectomy were included in this study. Patients with preoperative DEB-TACE were
propensity-score matched in a 1:1 ratio to patients without preoperative DEB-TACE. Short-term outcomes and recurrence-free
survival (RFS) were compared between the two groups.
Results After PSM, 44 patients were included in each group. The toxicities of DEB-TACE were mild and could be managed by
conservative treatment. Overall response rate (ORR) of conversion therapy (75.0% vs. 81.2%, p = 0.437) and postoperative
complication of hepatic resection (27.3% vs. 20.5%, p = 0.453) were similar between the two groups. The median RFS of the
DEB-TACE group (10.7 months, 95%CI: 6.6–14.8 months) was significantly longer than that of the control group (8.1 months,
95%CI: 3.4–12.8 months) (HR: 0.60, 95%CI: 0.37–0.95, p = 0.027).
Conclusions In patients who became resectable after conversion therapy, preoperative DEB-TACE might be a safe option to
achieve longer RFS.
Key Points
• This is a propensity-score matching study comparing patients who underwent conversional hepatectomy with or without
preoperative DEB-TACE.

• The preoperative DEB-TACE was safe and with mild toxicities (without toxicities more than CTCAE grade 3).
• The preoperative DEB-TACE significantly prolonged the RFS of those patients who underwent conversional hepatectomy (10.7
vs. 8.1 months, p = 0.027).
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Abbreviations
CEA Carcinoembryonic antigen
CRC Colorectal carcinoma
CRLM Colorectal liver metastases
CT Computed tomography
DEBIRI Irinotecan drug-eluting beads
DEB-TACE Transarterial chemoembolization

with drug-eluting beads
DFS Disease-free survival
HAI Hepatic arterial infusion
LRFS Liver recurrence-free survival
MDT Multi-disciplinary team
MRI Magnetic resonance imaging
ORR Overall response rate
PSM Propensity-score matching
PVI Portal vein infusion
RECIST Response Evaluation Criteria

In Solid Tumors
RFA Radiofrequency ablation
RFS Recurrence-free survival

Introduction

Colorectal carcinoma (CRC) is one of the most frequent can-
cers worldwide [1]. Liver metastases develop in approximate-
ly 60–70% of CRC patients during the course of the disease
[2]. Hepatic resection of colorectal liver metastasis (CRLM)
offers the best chance for cure and long-term survival [3].
However, patients with initially resectable CRLMs account
for only 20% of patients who have liver metastases [4]. For
patients with initially unresectable CRLMs, systemic therapy
is of potential ability to help convert liver metastases to be
resectable [5]. Unfortunately, the 3-year recurrence-free sur-
vival (RFS) rate of those patients is only 8% after curative
surgery [6], much lower than that of initially resectable pa-
tients [7].

Several strategies were indicated for better RFS of patients
undergoing surgery. For example, perioperative chemothera-
py with FOLFOX4 significantly increases RFS when com-
pared with patients undergoing hepatic resection without sys-
temic treatment [8, 9]. Besides, transarterial therapy is consid-
ered to be effective in preventing postoperative recurrence.
Adjuvant hepatic arterial infusion (HAI) and HAI combined
with systemic therapy significantly increase RFS compared
with surgery alone [10, 11]. Perioperative adjuvant portal vein
infusion (PVI) also significantly increases postoperative RFS
[12]. Conventional transarterial chemoembolization (cTACE)
has been shown to be safe and effective as a second-line treat-
ment for unresectable colorectal liver metastases [13].
However, studies focusing on reducing recurrence in patients
undergoing conversional hepatectomy have not been conduct-
ed. Drug-eluting beads transarterial chemoembolization

(DEB-TACE), as a new approach of transarterial therapy, uses
microspheres as both drug carriers and embolization agents to
promise more stable and persistent drug release, thus achiev-
ing a better therapeutic effect compared with conventional
TACE [14]. Previous studies also suggested DEB-TACE a
safe therapy with mild and tolerable adverse events (mainly
abdominal pain and fever) in CRLMpatients [15, 16]. But few
studies concerned DEB-TACE as a preoperative treatment in
CRLM. Patients who become resectable after conversion ther-
apy have a “gap” during which they do not receive any anti-
tumor therapy for 2 to 6 weeks before surgery. We hypothe-
sized that DEB-TACE might be a good choice to fill this
“gap” and reduce recurrence. However, no previous study
has been conducted to explore that.

Therefore, the aim of this study was to compare the effica-
cy and safety of preoperative DEB-TACE versus no anti-
tumor therapy before conversional hepatectomy.

Patients and methods

This is a retrospective study using propensity-score matching
analysis. Patients undergoing conversional hepatectomy from
June 1, 2016, to June 30, 2021, were collected. The eligibility
criteria were as follows: (1) with histologically confirmed
CRC; (2) with initially unresectable liver metastases; (3) be-
came resectable after conversion therapy; (4) underwent R0
hepatic resection. The exclusion criteria were as follows: (1)
history of previous malignancy; (2) unresectable primary tu-
mor; (3) extrahepatic metastases that could not be radically
resected. The study was approved by the ethics committee of
Zhongshan Hospital, Fudan University, and was performed
according to Good Clinical Practice guidelines and the
Declaration of Helsinki.Written informed consent was obtain-
ed from all participants.

Conversion therapy, conversional hepatectomy, and
follow-up

The treatment decision and the assessment of treatment effects
including resectability of metastases and tumor response in
this study were made by the multi-disciplinary team (MDT)
of Zhongshan Hospital [17]. Response Evaluation Criteria In
Solid Tumors (RECIST) Criteria were applied to evaluate the
response of conversion therapy [18]. The evaluation of resect-
ability of CRLMs was made by MDT using four criteria [19]
including the ability to obtain a complete resection (negative
margins), preservation of two contiguous hepatic segments,
and preservation of adequate vascular inflow and outflow, as
well as biliary drainage and ability to preserve adequate future
liver remnant (≥ 30% in healthy liver). All patients were
followed up either at our institution or in partnership with their
referring institutions. Carcinoembryonic antigen (CEA) was
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tested every month during the first 2 years, and then every 3–6
months until 5 years. Upper abdominal magnetic resonance
imaging (MRI) and enhanced chest/abdominal/pelvic com-
puted tomography (CT) were performed every 3 or 6 months
for the first 2 years, and then annually for the following
3–5 years.

Indication and procedure of DEB-TACE

Once becoming resectable, patients were stratified by MDT
based on CRS score (node-positive primary, disease-free in-
terval from primary to metastases < 12 months, number of
hepatic tumors > 1, largest hepatic tumor > 5 cm, and carci-
noembryonic antigen level > 200 ng/mL) [20]. Patients with
3–5 risk factors were considered as “high-risk.” Indications
for DEB-TACE include Eastern Cooperative Oncology
Group performance status score 0–2; less than 60% liver re-
placement by the tumor; adequate hematologic function and
liver function. A final decision was based on both MDT and
patients’ preferences.

The DEB-TACE procedures were as follows: 100 mg
irinotecan (Jiangsu Hengrui Pharmaceutical Co. LTD) was dis-
solved in 5 mL of injection water, and a bottle of CalliSpheres®
microspheres (Jiangsu Hengrui Pharmaceutical Co. LTD)
with the diameter of 100–300 μm was used for loading the
irinotecan solution. After drug-loading, the CalliSpheres®
microspheres were mixed with non-ionic contrast media in
a 1:1.1 ratio, followed by standing for 5 min. The right
femoral artery was punctured with Seldinger technique. A
5F arterial sheath was inserted, then a 4F RH catheter was
inserted into the abdominal trunk to perform angiography
and identify the blood-supply artery for the tumor in the
liver. A 3F catheter was entered into the blood-supply ar-
tery for tumor using superselective technique; the prepared
CalliSpheres® microspheres were infused into the blood-
supply artery at a speed of 1mL/min; DSA was performed
again to determine whether the tumor was completely
embolized or not.

Variables and definitions

The postoperative pathological stage of the primary tumor
was determined according to the eighth edition of the
American Joint Committee on Cancer (AJCC) [21]. RAS/
BRAF muta t ions were de t ec t ed by AmoyDx™
KRAS/NRAS/BRAFMutations Detection Kit (AmoyDx) ap-
proved by China Food and Drug Administration (cFDA). The
number of LMs was grouped as ≤ 5 and > 5 and the distribu-
tion of LMs was grouped as a single lobe and a double lobe.
Toxicity of DEB-TACE was assessed using the National
Cancer Institute’s Common Terminology Criteria for
Adverse Events version 3.0 [22]. Postoperative complications
were reviewed for 90 days after liver resection; the Dindo-

Clavien classification of surgical complications was used to
grade them [23]. RFS was defined as the time from liver
resection to the date of death or first recurrence. Liver
recurrence-free survival (LRFS) was defined as the time from
liver resection to the date of liver recurrence or death.

Statistical analysis

Categorical variables were analyzed using the Chi-square test
or Fisher’s exact test, whereas continuous variables were an-
alyzed using the Student t-test. The propensity-score matching
ratio was set to a 1:1 ratio to minimize the differences between
the DEB-TACE group and the control group through the
nearest neighbor method. Age, primary tumor location,
RAS/BRAF status, number, size and distribution of LMs,
synchronous LMs, T stage, and N stage were included in the
matching model. Standardized mean differences (SMD) were
calculated to estimate the propensity score using the MatchIt
package in R software (Version 4.1.1). RFS curves were esti-
mated by Kaplan–Meier method and compared using the log-
rank test. Statistical analyses were performed using the IBM
SPSS software (version 21.0) and the R software (Version
4.1.1); all statistical tests were two-sided, and a p value <
0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 513 hepatic resections were performed between
June 1, 2016, and June 30, 2021, in Zhongshan Hospital,
Fudan University. After excluding patients with initially re-
sectable LMs (n = 276), with unresectable primary tumor (n =
9), and without complete follow-up (n = 6), 222 patients who
underwent conversional hepatectomy were enrolled (Fig. 1).
Among the 222 patients, 44 underwent DEB-TACE preoper-
atively (DEB-TACE group) and 178 underwent hepatic resec-
tion directly (control group). We performed a 1:1 propensity-
score matching between the two groups. After PSM, a total of
44 patients in the control group and 44 in the DEB-TACE
group were included in this study. Before matching, there
were statistically significant differences in baseline character-
istics between the entire control group and the DEB-TACE
group, especially in characteristics of LMs including number
(p = 0.002), size (p < 0.001), and distribution (p = 0.014). As
shown in Table 1, PS matching made baseline characteristics
comparable between groups (p > 0.05 between all variables).
After matching, all SMD for the covariates were below 0.2.
Density plot of propensity showed more overlap after
matching, indicating our matching was satisfied overall
(Supplementary Fig. 1).
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Conversion therapy

The regimens and tumor response of conversion therapy are
shown in Table 2. The regimens of conversion therapy were
similar between the two groups (p = 1.000). Doublet
(FOLFOX/FOLFIRI) plus target therapy was mostly used,
accounting for 84.1% in the control group and 77.3% in the
DEB-TACE group. Compared with the control group, more
patients in the DEB-TACE group received more than 8 cycles

of conversion therapy (50.0% vs. 36.4%, p = 0.197). The
overall response rate was 75.0% in the control group and
81.2% in the DEB-TACE group (p = 0.437).

Short-term outcomes of DEB-TACE procedure

DEB-TACE procedures were technically successful in
every patient and were well tolerated. The interval be-
tween DEB-TACE and hepatic resection was less than 3

Table 1 Baseline characteristics before and after propensity score matching (PSM)

Control (n = 178) DEB-TACE (n = 44) p value Control (n = 44) DEB-TACE (n = 44) p value
Before PSM After PSM

Sex 0.677 1.000

Male 117 (65.7) 31 (70.5) 31 (70.5) 31 (70.5)

Female 61 (34.3) 13 (29.5) 13 (29.5) 13 (29.5)

Age 0.004 1.000

≤ 60 104 (58.4) 36 (81.8) 35 (79.5) 36 (81.8)

> 60 74 (41.6) 8 (18.2) 9 (20.5) 8 (18.2)

ECOG 0.776 1.000

0–1 163 (91.6) 41 (93.2) 42 (95.5) 41 (93.2)

≥ 2 15 (8.4) 3 (6.8) 2 (4.5) 3 (6.8)

Location of primary tumor 0.325 0.681

Right 36 (20.2) 7 (15.9) 6 (13.6) 7 (15.9)

Left 75 (42.1) 15 (34.1) 19 (43.2) 15 (34.1)

Rectum 67 (37.6) 22 (50.0) 19 (43.2) 22 (50.0)

T stage 0.145 0.907

T1–2 14 (7.8) 7 (15.9) 6 (13.6) 7 (15.9)

T3–4 164 (92.2) 37 (84.1) 38 (86.4) 37 (84.1)

N stage 0.424 0.650

N0 48 (27.0) 16 (36.4) 13 (29.5) 16 (36.4)

N1–2 130 (93.0) 28 (63.6) 31 (70.5) 28 (63.6)

Synchronous LMs 165 (92.7) 43 (97.7) 0.377 43 (97.7) 43 (97.7) 1.000

Number of LMs 0.002 0.384

≤ 5 110 (61.8) 15 (34.1) 20 (45.5) 15 (34.1)

> 5 68 (38.2) 29 (65.9) 24 (54.5) 29 (65.9)

Size (mean, SD) (cm) 3.6 ± 2.2 5.4 ± 3.2 < 0.001 5.0 ± 2.8 5.4 ± 3.2 0.524

Lobe 0.014 1.000

Single 45 (25.3) 3 (6.8) 3 (6.8) 3 (6.8)

Double 133 (74.7) 41 (93.2) 41 (93.2) 41 (93.2)

RAS/BRAF status 0.514 1.000

Wild type 97 (54.5) 27 (61.4) 27 (61.4) 27 (61.4)

Mutant 81 (45.5) 17 (38.6) 17 (38.6) 17 (38.6)

CEA 0.011 1.000

≤ 200 162 (91.0) 34 (77.3) 34 (77.3) 34 (77.3)

> 200 16 (9.0) 10 (22.7) 10 (22.7) 10 (22.7)

CRS score 0.000 1.000

0–2 40 (22.5) 0 (0) 0 (0) 0 (0)

3–5 138 (77.5) 44 (100.0) 44 (100.0) 44 (100.0)
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weeks in most patients (65.9%). The drug that was
mostly loaded in the beads was irinotecan (44/44
[100.0%]). Among 44 DEB-TACEs, the overall rate of
adverse events was 100% but most were mild and well
managed by conserved treatment. Nausea was the most
common toxicity. The median hospital stays were 2
days (range: 1–7) after DEB-TACE (Table 3).

Intraoperative and postoperative outcomes of
hepatic resection

Perioperative outcomes of hepatic resection are shown
in Table 4. Segmental resection of LMs was mostly
adopted in both groups (79.5% in the control group
and 86.4% in the DEB-TACE group, p = 0.395). The
proportion of patients who underwent intraoperative ra-
diofrequency (RFA) was slightly higher in the DEB-
TACE group than in the control group, but without
statistical significance (65.9% vs. 52.3%, p = 0.193).
Overall complication rate (27.3% vs. 20.5%, p=0.453),
as well as the Clavien-Dindo grade (p = 1.000), was
similar between the two groups. The hospital stay was
also similar between the two groups (p = 0.831). After
hepatic resection, most people received adjuvant thera-
py. The regimen and cycle of adjuvant therapy were
similar in both groups (Supplementary Table 1).

Fig. 1 Flowchart of this study.
Patients who underwent
conventional hepatectomy from
June 2016 to June 2021 were
collected and divided into control
and DEB-TACE groups. After
propensity-score matching, short-
and long-term outcomes were
compared. LM, liver metastases;
DEB-TACE, Transarterial
Chemoembolization with Drug-
Eluting Beads.

Table 2 Regimens and responses of conversion therapy

Control (n = 44) DEB-TACE (n = 44) p value
After PSM

Regimen 1.000

FOLFOX 4 (9.1) 5 (11.4)

FOLFOX + Cet 16 (36.4) 16 (36.4)

FOLFOX + Bev 11 (25.0) 11 (25.0)

FOLFIRI 0 (0) 1 (2.3)

FOLFIRI + Cet 5 (11.4) 5 (11.4)

FOLFIRI + Bev 5 (11.4) 2 (4.5)

FOLFOXIRI 0 (0) 1 (2.3)

FOLFOXIRI + Cet 0 (0) 3 (6.8)

FOLFOXIRI + Bev 1 (2.3) 0

XELOX + Bev 2 (4.5) 0

Cycle 0.197

≤ 8 cycles 28 (63.6) 22 (50.0)

> 8 cycles 16 (36.4) 22 (50.0)

Response 0.437

PR 33 (75.0) 36 (81.2)

SD* 11 (25.0) 8 (18.8)

Overall response rate 75.0% 81.2%

*These patients also had tumor response, but did not achieve PR (30%)
according to the RECIST criteria

European Radiology



Long-term outcomes

The median follow-up period for RFS was 18.6 months in the
control group and 17.8 months in the DEB-TACE group. The
median RFSwas 8.1 months (95%CI: 3.4–12.8months) in the
control group and 10.7 months (95%CI: 6.6–14.8 months) in
the DEB-TACE group (HR: 0.60, 95%CI: 0.37–0.95,
p = 0.027, Fig. 2A). The 1-year and 3-year RFS rates were
25.0% and 4.5% in the control group and 46.2% and 11.4% in
the DEB-TACE group. We also analyzed the Liver RFS and
got similar results (9.0 months, 95%CI: 4.7–11.8 months in
the control group vs. 10.7 months, 95%CI: 7.5–15.5 months
in the DEB-TACE group, p = 0.049, Fig. 2B).

Discussion

In the current study, we found that among patients who be-
came resectable after conversion therapy, patients who under-
went preoperative DEB-TACE had significantly longer RFS
than patients who did not. Also, the result of this study indi-
cated that preoperative DEB-TACE did not increase the post-
operative complication and hospital stay.

DEB-TACE has been proven to be safe and effective
in chemotherapy-refractory CRLM patients [24].
Besides, in first-line treatment, the combination of

Table 3 Short-term outcomes of preoperative DEB-TACE

DEB-TACE n = 44

Duration from DEB-TACE to hepatic resection

≤ 3 weeks 29 (65.9)

> 3 weeks 15 (34.1)

Drug loaded

IRI 44 (100.0)

Postoperative complication 44 (100.0)

Nausea 42 (95.5)

Fatigue 36 (81.8)

Abdominal distention 30 (68.2)

Abdominal pain 6 (13.6)

Fever 5 (11.4)

Vomiting 3 (6.8)

Respiratory failure 1 (2.3)

Toxicities according to CTCAE 3.0*

I 100 (81.3)

II 19 (15.4)

III 4 (3.3)

> III 0

Hospital stays

≤ 4 days 43 (97.7)

> 4 days 1 (2.3)

*The percentage in brackets represents the proportion of all complications

Table 4 Short-term outcomes of
hepatic resection Control (n = 44) DEB-TACE (n = 44) p value

After PSM

Liver resection 0.395

Lobe resection 9 (20.5) 6 (13.6)

Segmental resection 35 (79.5) 38 (86.4)

Intra-operative radiofrequency 0.193

With 23 (52.3) 29 (65.9)

Without 21 (47.7) 15 (34.1)

Postoperative complication ≥ 2 12 (27.3) 9 (20.5) 0.453

Surgical site infection 6 (13.6) 5 (11.4)

Pleural infusion 2 (4.5) 1 (2.3)

Pulmonary embolism 2 (4.5) 2 (4.5)

Bleeding 1 (2.3) 1 (2.3)

Pericardial effusion 1 (2.3) 0 (0)

Complications according to Clavien-Dindo 1.000

II 8 (18.2) 6 (13.6)

III 2 (4.5) 1 (2.3)

IV 2 (4.5) 2 (4.5)

Hospital stays 0.831

≤ 7 days 22 (50.0) 23 (52.3)

> 7 days 22 (50.0) 21 (47.7)
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DEB-TACE with systemic therapy is promising [25].
Irinotecan drug-eluting beads (DEBIRI) combined with
systemic FOLFOX improved overall response rates and
hepat ic progression-free survival , compared to
mFOLFOX6 alone [26]. However, DEB-TACE was
never reported to be used in reducing recurrence after
hepatic resection. With the use of calibrated non-
resorbable beads, DEB-TACE can load and continuous-
ly release cytotoxic drugs into the target tissues [27]
which allows preoperative DEB-TACE to fill the
“gap” between conversion therapy and hepatic resection.
Consistent with the assumption, patients in the DEB-
TACE group appeared to have longer RFS (10.7 vs
8.1 months). In addition, we also studied the safety of
preoperative DEB-TACE. We found that similar to the
previous studies [28, 29], DEB-TACE is safe and toler-
able in CRLM treatment. Besides, DEB-TACE, as a
preoperative treatment, neither affected the surgical ap-
proach nor increased the complication rate of hepatic
resection.

The RFS in initially unresectable patients reported by the
authors [8, 30] and other researchers [6] was 7.8–15.4 months
after conversional hepatectomy, most of which were higher
than the control group of the current study. This may be due to
that the cohort after PSM presented more severe metastatic
disease (more LMs, bigger diameters, and bilobular distribu-
tion) than those randomized trials [6, 19, 30]. Besides, 59.1%
of patients in the current study underwent intraoperative RFA.
Considering that whether the hepatic resection plus RFA and
hepatic resection alone provided comparable long-term out-
comes was still controversial [31, 32], this might be another
probable reason.

In our center, the decision whether to perform DEB-
TACE preoperatively or not was made by MDT which
led to a selection bias that patients with higher recur-
rence risk would undergo DEB-TACE. This was why

there were significant differences in the baseline data
before PSM. Propensity-score matching allowed patients
with similar recurrence risks to be compared. In the
cohort after PSM, although we found that preoperative
DEB-TACE significantly prolonged RFS from 8.1 to
10.7 months, the results might be interpreted cautiously.
Propensity-score matching balanced the baseline charac-
teristics while also increasing the selectivity of cases.
Moreover, due to the small sample size, this study
was unable to conduct subgroup analysis or Cox regres-
sion to find the patients who really benefited from
DEB-TACE. So we recommend that preoperative
DEB-TACE might be performed in high-risk patients
similar to the current study after the evaluation of
MDT.

Simultaneously or staged resection of primary colorectal
cancer and liver metastases has been controversial for a long
time. Although simultaneous resection avoids the risk of dis-
ease progression which was possible during staged resection,
it is associated with higher postoperative mortality and even
poorer survival, especially in patients with complex liver me-
tastases [33, 34]. Preoperative DEB-TACE might be a choice
to control disease progression during staged resection.

The present study has several limitations that need to be
addressed. First, the retrospective and non-randomized nature
of this study makes it subject to certain selection bias. Second,
participants who underwent DEB-TACE in this study were
high-risk patients selected by MDT. This limited the external
validity of our results. Third, meaningful subgroup analyses
could not be conducted because of the sample size. Fourth,
with a short follow-up period, median overall survival was not
reached. A further randomized trial comparing patients with
DEB-TACE or not is being conducted in our center
(NCT04912258).

In conclusion, in this propensity-score matching analysis,
we have found that preoperative DEB-TACE significantly

Fig. 2 Recurrence-free survival (A) and liver recurrence-free survival (B) of patients in the control group and the DEB-TACE group.
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prolonged RFS in patients with a high recurrence risk. It might
be a feasible choice to fill the gap between systemic therapy
and hepatectomy.
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