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ABSTRACT

Background. Hepatic resection combined with perioper-
ative chemotherapy is the standard of care for patients with
multiple colorectal liver metastases (CLMs). However, the
optimal surgical strategy for treating advanced CLMs
remains unclear. The role of the two-stage hepatectomy
(TSH) strategy in the management of multiple CLMs
remains challenging. This study aimed to compare the
outcomes of one-step hepatectomy (OSH)-treated and
TSH-treated patients with multiple CLMs.

Methods. This single-institution study included 742 con-
secutive patients who underwent initial liver resection for
histologically confirmed CLMs. The study enrolled
patients with 10 or more tumors (n = 106). Clinicopatho-
logic characteristics and long-term outcomes were
compared between patients who underwent OSH and those
who underwent TSH for 10 or more CLMs.

Results. The study planned OSH for 67 patients (63%) and
TSH for 39 patients (37%). One of the OSH-planned
patients and two of the TSH-planned patients underwent a
trial laparotomy because of non-curative factors. Five
patients (13%) did not progress to the second stage of TSH.
In the entire cohort, the cumulative 3-year overall survival
rate was 58.4% for the patients who had 10 or more CLMs
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treated with OSH compared with 61.1% for the patients
treated with TSH (P = 0.746). In the curative resection
cohort, the cumulative 1-year recurrence-free survival rate
was 18.2% for the patients treated with OSH and 17.9% for
the patients treated with TSH (P = 0.640).

Conclusions. Hepatectomy with perioperative
chemotherapy for advanced CLMs with 10 or more tumors
is feasible and effective. To prolong survival, TSH is a
promising option when curative resection with OSH is
impossible.

Keywords Hepatectomy - Colorectal liver metastases -
Chemotherapy

Currently, the presence of multiple colorectal liver
metastases (CLMs) is no longer a contraindication to sur-
gery' because of advancements in patient selection,
systemic therapy, and liver resection techniques.” Fur-
thermore, hepatic resection combined with perioperative
chemotherapy has become the standard of care for patients
with multiple CLMs.?

Resection of bilobar multiple CLMs remains challeng-
ing because it can be difficult to achieve a margin-negative
resection while preserving sufficient functional liver par-
enchyma to avoid postoperative hepatic insufficiency
(PHI).4 Preoperative portal vein embolization (PVE) is
associated with a decreased incidence of PHI after a major
hepatectomy.” Patients with bilobar CLMs, including those
for whom extended hemihepatectomy is required, often are
treated with one-step hepatectomy (OSH), in which all
metastases are resected in a single surgical procedure. For
patients with bilobar CLMs, which cannot be resected
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using OSH, the use of preoperative PVE and two-stage
hepatectomy (TSH) is the next option that helps to balance
liver functional reserve and curability.®’

In the current era of multimodality treatment, with the
development of advanced surgical techniques and strate-
gies (e.g., PVE, TSH, and/or liver-first sequencing), an
increasing number of patients with bilobar CLMs have
undergone curative surgical resection.**”'® Furthermore,
tumor distribution (bilobar or unilobar) would not affect
the curability of surgery for multiple CLMs based on the
results of propensity score-matched analysis."!

The TSH procedure is safe but carries a substantial risk
of dropout during the interval between stages 1 and 2 due
to tumor progression or insufficient hypertrophy of the
future liver remnant (FLR).12

The completion rates for planned first and second liver
resections range from 63 to 87 %.'>'* The postoperative
morbidity rates of TSH range from 20 to 59%."'>'® The
mortality rate was 0—15 %, and the 3-year overall survival
(OS) rates in the reported series ranged from 30 to
80%."1%1372! Although the number of CLMs is reported to
be a strong prognostic factor,”> complete resection offers
the chance for cures even for patients with numerous
CLMs.** Furthermore, the role of the TSH strategy in the
management of multiple CLMs remains challenging.

In summary, the optimal surgical strategy for advanced
CLMs remains unclear. This study aimed to compare the
outcomes of OSH- and TSH-treated patients with multiple
CLMs (> 10 nodules).

MATERIALS AND METHODS
Study Design and Population

The Institutional Review Board of the Cancer Institute
Hospital approved this retrospective study (approval no.
2019-1084). From a prospectively maintained database, we
identified 742 consecutive patients who underwent initial
liver resection for histologically confirmed CLMs who had
10 or more CLMs between August 2013 and March 2019.
Among these patients, 37 underwent TSH, all of whom had
more than 10 tumors. Patients with fewer than 10 tumors
(n = 636) were excluded, resulting in a final cohort of 106
patients with 10 or more tumors (Fig. 1).

The number of tumors in this study was defined based
on the number of intraoperative findings with intraopera-
tive contrast-enhanced ultrasonography using Sonazoid™
(Diaichi-Sankyo, Tokyo, Japan).>* All the patients received
preoperative oxaliplatin-based chemotherapy because
perioperative chemotherapy was routinely performed for
patients with four or more CLMs or CLMs larger than 5 cm
in imaging studies after 2010.%

Definition of Resectability

All the patients were evaluated preoperatively with a
baseline history and physical examination. Decisions
regarding treatment were made collectively at a multidis-
ciplinary  liver tumor conference. Perioperative
chemotherapy was routinely performed for all patients
judged to be either “borderline resectable (BR)” (with >4
CLMs, CLMs >5 cm, or resectable extrahepatic metasta-
sis) or “initially unresectable (IR)” (with
unresectable extrahepatic metastases or <30 % FLR
volume).25

For the patients with IR-CLM, conversion hepatectomy
was planned when a documented response to chemotherapy
was observed. After preoperative chemotherapy, the
patients who underwent re-staging due to tumors that had
shrunken and become resectable underwent surgical
resection, defined as resectable with negative margin while
preserving sufficient FLR volume with or without TSH.

TSH Strategy

For multiple CLMs, OSH including multiple limited
hepatectomy or major hepatectomy after percutaneous
PVE was considered as the first-line treatment. Otherwise,
TSH was suggested to patients with advanced bilateral
CLMs that could not be resected in an OSH (& PVE) due
to insufficient FLR volume mainly because of multiple
tumors in the FLR.

The TSH group in this study comprised all the patients
with planned TSH, including PVL, during the first-stage
hepatectomy (first Hx) or sequential percutaneous PVE
after the first Hx. Regarding the PVL procedure during the
first Hx, partial hilar lymphadenectomy was performed to
expose the right portal vein, which then was divided
between clamps and injected with 20 mL of pure ethanol
into the peripheral portal lumen. Sequential percutaneous
PVE was indicated for patients whose first Hx was per-
formed laparoscopically or considered too invasive for
performance of a simultaneous PVL. These steps were
performed using interventional radiology during postoper-
ative hospitalization after the patient’s recovery of general
status and liver function.

Volumetric Analysis

All the patients in this study underwent contrast-en-
hanced computed tomography (CT) images before OSH or
first Hx of TSH and 2 weeks after the first Hx of TSH.
Total liver volume (TLV) was defined as the normal
parenchymal volume minus the tumor volume. Volume
calculation was performed using a three-dimensional liver
analysis software (Synapse Vincent; FujiFilm, Tokyo,
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FIG. 1 Patient flow diagram.
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Japan) based on thin-slice CT images.*® Increased rate of
the FLR was defined as a percentage, calculated as follows:
([FLR volume post-procedure]—[FLR volume pre-proce-
dure]) x 100 = (FLR volume post-procedure).

Indications for Second-Stage Hepatectomy

At our institution, second-stage hepatectomy (second
Hx) was performed while a sufficient FLR (at least 30% of
nontumoral remnant liver without potentially ischemic or
congested areas) was maintained in the era of upfront
surgery.”> However, with the multidisciplinary strategy, we
must consider the problem of chemotherapy-induced liver
injury.?” Thus, the second Hx should be performed with
less than 40% of the FLR volume preserved in the normal
liver. If the initial function is injured based on the indo-
cyanine green clearance test or 99mTc-Galactosyl sialyl
albumin scintigram, the decision for TSH should be made
when less than 50% of the FLR volume is secured. During
the second Hx, new lesions found in the remnant liver were
additionally resected when we judged that the remnant
liver volume was sufficient if these lesions were resected.

The following data were obtained from electronic
medical records: sex, age, diagnosis, preoperative
chemotherapy cycles and regimens, perioperative out-
comes (estimated blood loss, blood transfusion, operative
time, and surgical procedure), tumor characteristics (num-
ber of CLMs and size of largest metastasis), and rat
sarcoma viral oncogene homolog (RAS) mutation status.
All the patients in this study were Japanese. The study
defined RO resection as no exposure of tumor cells to the
cut surface of the liver. Postoperative complications were
reviewed and classified according to the Clavien-Dindo
classification. Major complications were those classified as
class 3a or higher.”® Postoperative hepatic insufficiency

was defined according to the criteria of the International
Study Group of Liver Surgery (ISGLS).*

Statistical Analyses

Continuous variables were compared using the Wil-
coxon rank-sum test, and categorical variables were
compared using the chi-square test. For intention-to-treat-
based analysis of the entire cohort, OS was measured from
the date of definitive OSH resection or first Hx to the date
of death or last follow-up visit. For analysis within the
resection cohort, recurrence-free survival (RFS) was mea-
sured from the date of hepatic resection to the date of
radiographic detection of recurrence or last follow-up visit.
Survival curves were generated using the Kaplan-Meier
method and compared using the log-rank test.

All tests were two-sided, and statistical significance was
set at P value lower than 0.05. Statistical analyses were
performed using JMP software (version 12.1.0; SAS
Institute Inc., Cary, NC, USA).

RESULTS
Treatment Flow

Of the 106 patients who met the inclusion criteria, OSH
was planned for 67 patients (63%) and TSH for 39 patients
(37%). One of the OSH-planned patients had surgery with
only a trial laparotomy because of peritoneal dissemina-
tion. Two TSH-planned patients underwent a trial
laparotomy because of peritoneal dissemination or peri-
hepatic lymph node metastases. Five patients (13%) could
not proceed to the second Hx of TSH because of unre-
sectable tumor appearance in the FLR of two patients,
tumor progression in the lung of two patients, and PHI after
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the first Hx of one patient (Fig. 1). The 32 patients who had
completed the first Hx underwent the second Hx after a
median interval of 35 days (range, 16-388 days).

Baseline Characteristics of OSH and TSH
The baseline characteristics and perioperative data are

summarized in Table 1 based on the planned strategy. In
the OSH group, 60 patients (90%) had bilobar metastases,

65 patients (97%) received preoperative chemotherapy, 4
patients (6%) underwent PVE before hepatectomy, and 24
patients (36%) underwent major hepatectomy.

All the patients in the TSH group had synchronous and
bilobar CLMs and received preoperative chemotherapy.
The median number of preoperative chemotherapy cycles
before first-stage liver resection was six (range, 4-24
cycles). Most of the patients received an oxaliplatin-con-
taining regimen (38 of 39 patients, 97%).

TABLE 1 Clinicopathologic characteristics of the patients with >10 colorectal liver metastases based on the difference in the planned surgical

procedure

One-step hepatectomy n (%) Two stage hepatectomy n (%) P Value®
Total 67 39 -
Rectum primary 21 (31) 14 (36) 0.632
Primary lymph node metastasis 44 (66) 32 (82) 0.065
RAS mutation 22 (33)° 16 (41) 0.430
Synchronous liver metastases 61 (91) 39 (100) 0.017
Extrahepatic metastasis 12 (18) 2 (5) 0.077
Preoperative chemotherapy 65 (97) 39 (100) 0.531
Cycles (range) 6 (3-31) 6 (4-24) 0.067¢
Use of oxaliplatin 63 (94) 38 (97) 0.650
Use of irinotecan 9 (13) 2(5) 0.322
Use of bevacizumab 32 (48) 20 (51) 0.841
Use of anti-EGFR agent 29 (43) 17 (44) 0.976
Median CEA (prechemotherapy): ng/ml (range) 60.1 (1.6-11667.2) 39.2 (1.1-9331) 0.540°
Median CEA (preoperative): ng/ml (range) 11.4 (1.0-15786) 7.1 (0.9-1273.8) 0.238°
Tumor size (prechemotherapy): cm (range) 3.4 (1.0-13.0) 3.4 (1.2-18.8) 0.515¢
Median tumor size (preoperative): cm (range) 2.2 (0.7-14.0) 2.6 (1.3-9.6) 0.012°
Tumor response, partial response (%) 37 (57) 21 (54) 0.840
No. of tumors (prechemotherapy): median (range) 15 (7-46) 18 (10— 40) 0.025°
No. of tumors (preoperative): median (range) 12 (10-46) 16 (10— 42) 0.021°¢
Initially unresectable? 26 (39) 31 (79) <.0001°¢
Median operation time: min (range) 458 (238-970)° 348 (210-865)° 0.0006°
Median blood loss: ml (range) 750 (48-3550)° 1050 (190-6400)° 0.067¢
Morbidity (Clavien-Dindo >3a) 9 (14)° 7 (22)° 0.388
Pathologic margin status (RO) 59 (89)° 25 (78)° 0.216
Postoerative chemotherapy 58 (88)° 23 (72)° 0.085
Cycles: n (range) 6 (1-18)° 6 (1-15)° 0.105°¢
Use of oxaliplatin 52 (91)° 27 (93)° 0.761
Use of irinotecan 6 (11)° 1 (3)° 0.415
Use of bevacizumab 10 (18)° 11 (38)° 0.061
Use of anti-EGFR agent 14 (25)°¢ 17 (59)¢ 0.004

Italic values indicate statistical significance at P values lower than 0.05

RAS rat sarcoma viral oncogene homolog, EGFR epidermal growth factor receptor, CEA carcinoembryonic antigen

“Chi-square test unless indicated otherwise
“Wilcoxon rank-sum test
®Reviewed in 66 cases wherein RAS was measured

dWith unresectable extrahepatic metastases or <30% future liver remnant volume

“Reviewed in 66 cases wherein one-step hepatectomy was completed and in 32 cases wherein two-stage hepatectomy was completed
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The two groups did not differ significantly in terms of
primary tumor location, primary lymph node metastasis,
RAS status, or major comorbidity rates. The median
numbers of prechemotherapy and preoperative tumors were
higher in the patients treated with TSH than in those treated
with OSH (pre-chemotherapy median: 18 vs 15 lesions
[P = 0.025]; preoperative median: 16 vs 12 lesions [P =
0.021]), and the preoperative maximum tumor size in the
TSH group was larger than in the OSH group (2.6 vs 2.2
cm; P = 0.012). The patients treated with TSH had a sig-
nificantly higher incidence of advanced liver metastasis,
judged to be initially unresectable (81% vs 38%; P <
0.0001).

In the OSH group, 12 patients had extrahepatic metas-
tases (6 in the lung, 4 in hilar lymph nodes, and 1 in a
paraaortic lymph node), and in the TSH group, two patients
had extrahepatic metastases (1 in the lung and 1 in the
adrenal gland) (P = 0.077). Furthermore, the OSH group
had a longer surgical time than the TSH group had with the
second Hx (median, 458 vs 358 min; P = 0.0006), but the
two groups did not differ significantly in terms of blood
loss or major morbidity.

Feasibility of TSH Strategy

Among the 37 cases in which TSH was attempted,
detailed profiles of first Hx of TSH are summarized in
Table 2. For 17 patients (46%), resection of the primary
tumor was combined with the first stage of TSH. Major
complications after the first Hx of TSH occurred for three
patients (8%). One patient experienced postoperative liver
insufficiency, which hampered proceeding to a second Hx,
and two patients underwent reoperation because of wound
dehiscence. These patients received more than six courses
of preoperative chemotherapy.

The intra- and postoperative outcomes of the 32 patients
who completed TSH are summarized in Table 3. Of these
32 patients, 7 (22%) underwent sequential percutaneous
PVE. The median rate of increase in future liver remnants
was 29.2%. The median number of days from the first Hx
to the second Hx was 35 (range, 16-388 days). Major
complications (C-D >3a) after the second Hx of TSH
occurred for seven patients (22%). At the second Hx, 11
patients (34%) underwent additional partial resection of the
remnant liver for new lesions. Five patients had bile leak;
one patient had ascites; and one patient had postoperative
bleeding. Interventions included percutaneous or transfis-
tula drainage for ascites or bile leaks and transcatheter
arterial embolization for bleeding. No 90-day mortality
occurred after TSH administration.

Survival Compared OSH With TSH

The median observation period was 29.0 months in the
OSH group and 16.8 months in the TSH group. Based on
intention-to-treat analysis, the cumulative 3-year OS rate
was 58.4%, and the median survival time (MST) was 39.2
months for the patients treated with OSH, compared with
61.1% and 40.9 months, respectively, for the patients
treated with TSH (hazard ratio [HR], 1.12; P = 0.746;
Fig. 2a). Among 66 patients in the OSH group and 32
patients in the TSH group who underwent curative resec-
tion, the cumulative 1-year RFS rate and MST were 18.2 %
and 7.2 months, respectively, for the patients who had 10 or
more CLMs treated with one-step hepatectomy compared
with 17.9% and 6.4 months for the patients treated with
TSH (HR, 1.12; P = 0.640) (Fig. 2b). The locations of
recurrence and the treatment at the time of recurrence are
described in Table 3. The rate of repeat hepatectomy ten-
ded to be lower in the TSH group.

Survival Compared With and Without New Lesions
in the TSH Group

In the TSH group, the cumulative 3-year OS rate was
70.5% for the patients without additional resection for new
lesions, compared with 53.3% for the patients who
underwent additional resection (HR, 2.93; P = 0.104;
Fig. 3a). The cumulative 1-year RFS rate was 30.3 % for
the patients treated without additional resection, compared
with 0% for the patients who underwent additional resec-
tion (HR, 1.38; P = 0.447; Fig. 3b).

DISCUSSION

This study aimed to investigate the resection outcomes
of multiple CLMs in this era of multidisciplinary treatment,
focusing on the differences in surgical strategy. As indi-
cated by the OS rate based on intention-to-treat analysis for
the entire cohort and the RFS rate for the curative resection
cohort, our tailored approach to bilateral CLMs uses OSH
as the first treatment and TSH as the second treatment to
achieve RO resection. Hepatic resection with perioperative
chemotherapy for advanced CLMs with severe tumor
conditions was proven to be acceptable regardless of the
surgical strategy, whether OSH or TSH, from the view-
points of short- and long-term outcomes.

Patients with advanced bilobar CLMs, even those for
whom extended hemihepatectomy is required, often are
treated with OSH, in which all metastases are resected in a
single surgical procedure.’® Ablation also may be used at
the time of OSH to treat lesions that are unresectable be-
cause of deep tumor location and/or the small FLR that
would result from lesion resection.”'
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TABLE 2 Intra- and
postoperative outcomes of the
patients who underwent the
two-stage hepatectomy

First stage
(n=37)n (%)

No. of preoperative chemotherapy cycles: median (range)
Oxaliplatin-containing regimen
Cetuximab/panitumumab-containing regimen
Bevacizumab-containing regimen

Laparoscopic limited liver resection

Associated resection of primary tumor

No. of tumors resected during of 1st stage: median (range)
Median operation time of 1st stage: min (range)

Median blood loss of 1st stage: ml (range)

Morbidity (Clavien-Dindo >3a) (%)

Wound dehiscence

Liver failure

Mortality

6 (4-24)
36 (97)

16 (43)

20 (54)

3(8)

17 (46)

5 (1-14)

319 (83-794)
260 (15-1897)
3(8)

2.(5)

13

0

Second stage
(n=32)n (%)

Intermittent portal vein embolization
Planned procedure
(Extended) right hepatectomy
(Extended) left hepatectomy
Left trisectionectomy
Days from 1st stage to CT: median (range)
Days from 1st stage to 2nd stage: median (range)
Increase rate of future liver remnant: median % (range)
ICG RI15 before 2nd stage: median % (range)
Median operation time of 2nd stage: min (range)
Median blood loss of 2nd stage: ml (range)
Additional partial resection of the remnant liver for the new lesions
Morbidity (Clavien-Dindo >3a) (%)
Bile leakage
Ascites
Bleeding
Pneumothorax
Biliary stenosis
Mortality

7 (22)

30 (94)
1(3)

1(3)

15 (6-140)

35 (16-388)
29.2 (0.3-85.1)
11.9 (4.4-22.6)
348 (210-865)
1050 (190-6400)
11 (34)

7 (22)

3

1
1
1
1
0

*Median (range).

CT computed tomography, /CG R15 indocyanine green retention rate at 15 min

Recently, TSH was reported to be associated with lower
rates of major morbidity and postoperative hepatic insuf-
ficiency as well as improved OS versus OSH with
contralateral resection or ablation.*” If eventual liver vol-
ume is sufficient, margin-free resection is the best choice
for survival. Therefore, it has been our policy to avoid
ablation,33 which never has proved to be efficient for
adenocarcinoma, even in cases with deeply located tumor
or insufficient FLR.

In the current series, margin-free resection using TSH
for severe CLMs provided outcomes similar to those for
OSH with less severe conditions of 10 or more CLMs.
Furthermore, even for the patients who underwent extra
resection at the second Hx, TSH had outcomes comparable
with those of patients without extra resection. The results
of this study showed that our aggressive surgical strategy
for patients with advanced CLMs was valid, and that TSH
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TABLE 3 Locat.ion and One-step hepatectomy n (%)  Two-stage hepatectomy n (%) P Value®
treatment at the time of
refcurrence .based on the Total 60 (91) 27 (84) _
difference in the planned .
. Recurrence site 0.713
surgical procedure
Liver only 26 (43) 10 (37)
Lung only 7 (12) 3(11)
Liver and lung 12 (20) 4 (15)
Others 15 (25) 10 (37)
Treatment for recurrence 0.051
Surgery 34 (56) 9 (33)
Chemotherapy 23 (38) 13 (48)
Best supportive care 3(5) 5(19)
*Median (range).
4Chi-square test
(a) 1.0+ (b) 10
081 08 —— One-step
° E 2 1 P=0.640
§ 0.6 2 064 —— Two Stage
§ 0.4 —— OSH z 044
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No. at risk OS month No. at risk RFS month
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TSH 39 23 15 10 3 1 Two Stage 32 6 5 4

FIG. 2 a Cumulative overall survival (OS) of patients who had
multiple (>10) colorectal liver metastases (CLMs) treated with one-
step hepatectomy and of patients who had multiple CLMs treated with
two-stage hepatectomy. b Cumulative recurrence-free survival (RFS)

(a) 1.0 \—‘
0.8
© ]
& 0.6
=
2
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FIG. 3 a Cumulative overall survival (OS) of patients who had
multiple colorectal liver metastases (CLMs) treated with extra partial
resection of the remnant liver at the second stage and of patients who
had multiple CLMs treated without extra partial resection of the
remnant liver at the second stage. b Cumulative recurrence-free

of patients who had multiple (>10) CLMs treated with one-step
hepatectomy and of patients who had multiple CLMs treated with
two-stage hepatectomy.

1.0
(b)
0.8 1 — Without extra resection
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. 044
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survival (RFS) of patients who had multiple CLMs treated with extra
partial resection of the remnant liver at the second stage and of
patients who had multiple CLMs treated without extra partial
resection of the remnant liver at the second stage.



3574

Omichi et al.

was a good option for severe tumor conditions in which
major hepatectomy with additional contralateral resection
or ablation was otherwise required.

For patients with bilobar CLMs that cannot be resected
in OSH, TSH offers the best chance for prolonged sur-
vival,'” However, TSH is a complicated treatment
sequence that consists of preoperative chemotherapy,
clearance of one hemi-liver with PVL or postoperative
PVE, and eventual hemihepatectomy. Furthermore,
patients who undergo an incomplete TSH have worse
survival than those who can successfully complete TSH.'”
A systematic review showed that the median failure rate of
TSH was 23%.3* Therefore, selection criteria for TSH are
important. Long courses of preoperative chemotherapy,
more than five CLMs, and major complications after the
first Hx of TSH are known to be associated with failure of
TSH.""?

In this study, three patients who could not proceed to the
second Hx received more than six courses of preoperative
chemotherapy, and one patient experienced severe post-
operative liver insufficiency. This is consistent with the
findings of previous studies that have demonstrated factors
associated with the failure of TSH.”'? In contrast, the
failure rate for planned TSH in the current study was 14%.

The short- and long-term outcomes of previous TSH
reports, including the current series, are shown in
Table 4.7'%1372! Table 4 indicates that TSH is used at our

institution to treat more severe cases than those managed
by resection with TSH at other institutions. Our results
were comparable even when extra resection of the remnant
liver at the second Hx was performed. Our favorable TSH
results could be attributed to rigorous selection criteria and
advanced surgical navigation and techniques, which have
made TSH more certain and effective.”**>~*® These results
suggest that completion of TSH for cases in which radical
resection cannot be performed with OSH is an available
option for prolonged survival.

Recurrence after hepatectomy for CLMs is frequent, and
aggressive treatment such as repeat resection combined
with perioperative chemotherapy has been adopted world-
wide.*® Table 3 shows no significant difference in the
location of recurrence, but a strong tendency for a lower
incidence of repeat hepatectomy existed in the TSH group
compared with the OSH group. These results suggest that
some patients with TSH might have difficulty tolerating an
additional hepatectomy or overall disease severity. Nev-
ertheless, recurrence in patients who have previously
undergone hepatectomy for multiple CLMs should be
managed according to the characteristics of recurrence and
tolerance for each treatment.

Recently, associating liver partition and portal vein
ligation for staged hepatectomy (ALPPS) was reported as a
novel variant of TSH.** Baumgart et al.*' reported that a
tailored approach to bilateral CLMs uses TSH/PVL/PVE as

TABLE 4 Short- and long-term outcomes of TSH including the current results

n Median no. of tumors Preoerative Completion Postoperative Postoperative 3-Year OS
(range) chemotherapy (%) rate (%) morbidity (%) mortality (%) (%)
Passot et al’ 109 9 (4-60) 100 82 27 6 68
Brouquet 65 6 (2-18) 100 72 49 6 84
et al'”
Adam et al'’ 16 5 (4-17) 75 81 38 15 35
Jaeck et al'® 33 7 (2-23) 91 76 56 54
Wicherts 59 912 97 69 59 7 60
et al'®
Homayounfar 24 4 (1-10) 75 63 58 5 NA
et al®
Tsai et al'® 45  8.0° 71 78 26 6 58
Tsimet al'* 38 4 (3-6) 91 87 33 0 50
Narita et al®** 80 NA 84 76 54 0 59
Muratore 47 10.5% 79 77 44 0 65
et al’!
Turrini et al'”® 48  8.2° 100 71 20 59
Current series 37 16 (10— 42) 100 86 22 0 65

*Median (range), unless indicated otherwise
OS overall survival, NA not applicable
“Mean
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the first and ALPPS as the second rescue treatment to
achieve resectability for patients with extensive tumor
burden not amenable to OSH. The meta-analysis showed
that overall perioperative safety after TSH was better than
that with ALPPS because it resulted in lower overall
morbidity, serious morbidity, and perioperative mortality
in the TSH group.**

Furthermore, Adam et a reported that OS was sig-
nificantly worse after ALPPS, although the major
complication and 90-day mortality rates of ALPPS were
similar to those of TSH. Meanwhile, Hasselgren et al. ¥
reported that ALPPS seemed to improve survival for
patients with CLMs and FLR lower than 30 % compared
with TSH. However, only 27 patients (54 %) completed
TSH (not including rescue ALPPS).

In our cases, even those with severe tumor conditions
compared with those in previous reports (Table 3), only
one case required ALLPS. Furthermore, 32 patients (86 %)
underwent a second Hx. Based on our results, we believe
that ALPPS is unnecessary, and that TSH with rigorous
patient evaluation and advanced surgical navigation and
techniques are sufficient to treat advanced CLMs where
OSH cannot be applied.

The main limitations of this study were its single-insti-
tution and retrospective design. As such, it had an inherent
risk of selection bias based on our institutional referral
pattern, patient population, and tumor board recommen-
dations. In addition, this study included only patients who
had planned surgery after successful chemotherapy. Fur-
ther analyses of larger cohorts or prospective comparisons
between surgical and medical cohorts are needed.

Finally, because the minimum number of tumors in the
patients who underwent TSH at our institution was 10,
patients with more than 10 tumors were included in the
analysis to reduce the heterogeneity between the two
groups. However, no clear evidence shows that the pres-
ence of 10 or more tumors is suitable for the definition of a
large number of tumors.

In conclusion, hepatectomy with perioperative
chemotherapy for advanced CLMs with severe tumor
conditions is acceptable. The completion of TSH for severe
tumor conditions in cases for which radical resection is not
possible with OSH is an available option for prolonged
survival.
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