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Abstract

Background—Most patients requiring an extended right hepatectomy (ERH) have an inadequate
standardized future liver remnant (SFLR) and need preoperative portal vein embolization (PVE).
However, the clinical and oncologic impact of PVE in such patients remains unclear.

Methods—All consecutive patients from MD Anderson Cancer Center with colorectal liver
metastases (CLM) requiring ERH at presentation from 1995 through 2012. The surgical and
oncologic outcomes were compared between patients with adequate and inadequate sFLRs at
presentation.

Results—Of the 265 patients requiring ERH, 126 (47.5%) had an adequate sFLR at presentation,
and 123 of them underwent curative resection. Of the 139 patients (52.5%) who had an inadequate
SFLR and underwent PVE, 87 (62.6% PVE) underwent curative resection. Thus, PVE increased
the curative resection rate from 123/265 (46.4%) at baseline to 210/265 (79.2%). Among patients
who underwent ERH, rates of major complications and 90-day mortality were similar in the non-
PVE and PVE groups (22.0% and 4.1% vs. 31% and 7%, respectively); overall survival (OS) and
disease-free survival (DFS) were also similar in these 2 groups. Among patients with an
inadequate SFLR at presentation, patients who underwent ERH had significantly better median OS
(50.2 months) than patients who underwent noncurative surgery (21.3 months) or did not undergo
surgery (24.7 months) (p=0.002).

Conclusions—PVE enables curative resection in two-thirds of patients with CLM who have an
inadequate sFLR to tolerate ERH at presentation. Patients who undergo curative resection after
PVE have OS and DFS equivalent to that of patients who never needed PVE.

INTRODUCTION

For patients with colorectal liver metastases (CLM), complete surgical resection with
perioperative chemotherapy has contributed to improved survival over the decades.!
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Theoretically, the more hepatic parenchyma is removed, the higher the chance of cure
because of clearance of latent tumor cells present in the liver. However, small future liver
remnant (FLR) volume is strongly associated with increased postoperative morbidity and
mortality rates in patients undergoing major hepatectomy.2-6 Therefore, it is important to
leave a sufficient volume of hepatic parenchyma, tailored to the functional reserve of the
underlying liver, to secure the safety of hepatic resection.

For many patients with CLM, complete surgical resection of the metastases requires
extended right hepatectomy (ERH). ERH is a challenging procedure involving removal of 5
segments of the liver and is associated with reported mortality rates of 6% to 8% even in
high-volume hepatobiliary centers.”10 With routine measurement of FLR volume prior to
major hepatectomy;, it has been clarified that for ERH to be performed safely, 20% or greater
FLR volume compared to the standard liver volume (standardized FLR volume [sFLR
volume]) is required for patients with normal livers* and 30% or greater sFLR volume is
required for patients who underwent preoperative chemotherapy lasting more than 3
months.8 However, a previous anatomic study revealed that the left lateral bisegments
account for only 16% of the total liver volume.11 Thus, an inadequate SFLR volume often
precludes surgery in patients requiring ERH.

Portal vein embolization (PVE) is an effective strategy for producing hypertrophy of the
FLR and improving the safety of extended hepatectomy.# 12-15 This technique has allowed
many patients whose tumors were initially unresectable because of small FLR volume to
benefit from curative resection. However, several authors have reported that PVE might be
associated with interval tumor progression and a worse long-term survival rate after curative
resection of CLM.16-19 Thus, the prognostic impact of PVE for patients undergoing curative
resection of extensive CLM remains controversial. The objective of this study was to clarify
the prognostic impact of PVE by comparing long-term surgical outcomes in patients
requiring ERH.

PATIENTS AND METHODS

Patients

The Institutional Review Board of The University of Texas MD Anderson Cancer Center
approved this study protocol. From a prospective hepatobiliary database maintained by the
Department of Surgical Oncology, 265 patients were identified as having resectable or
potentially resectable CLM requiring ERH (resection of partial or whole part of segment 1V
adding to right hemihepatectomy with or without caudate resection) at presentation from
January 1995 to November 2012. The patients were divided into 2 cohorts—one with an
adequate sFLR for ERH at presentation according to our volume criteria and one with an
inadequate sFLR (disease deemed unresectable). Surgical and oncologic outcomes were
compared between the 2 cohorts.

Preoperative management of potential surgical candidates

At the MD Anderson Cancer Center, patients with advanced CLM initially unsuitable for
resection are seen by surgeon before initiation of chemotherapy to determine whether they
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may be potential candidates for surgery. Every potential candidate for hepatectomy
underwent 2—-3 months of chemotherapy first, and response to chemotherapy and technical
resectability were assessed. Surgical indication was determined by 1) chemosensitivity of
the tumor (at least stable disease in size-based response criteria2%: 21 should be achieved
after chemotherapy), 2) absence of extrahepatic metastases, and 3) technical feasibility of
curative (RO) resection. In patients indicated for surgery, chemotherapy-free interval was
taken for at least 4 weeks prior to surgery to reduce the risk of postoperative complication.

Pre-PVE liver volumetry, calculation of FLR volume, and PVE

All patients with potentially resectable CLM underwent preoperative liver volumetry based
on computed tomography (CT), and sFLR volume was estimated according to the previously
reported method.22 Enhanced CT scans were performed with a multidetector row CT
scanner, with 4, 16, or 64 slices (Light-Speed; GE Healthcare, Piscataway, NJ), using a
triphasic liver protocol or single-phase technique at 2.5- to 5-mm-thick slices. Liver volumes
was determined by loading the CT images onto an Advantage Workstation 4.1 (GE Medical
Systems, Milwaukee, WI). Standardized liver volume was calculated using the following
formula: SLV = -794.41 + 1267.28 x body surface area (m?).23 PVE was considered when
SFLR was less than 20% in patients with normal liver, or less than 30% in patients with
evidence of fibrosis or severe liver injury including sinusoidal obstructive syndrome or
steatohepatitis.? 24 25 All embolizations were performed by the ipsilateral percutaneous
transhepatic approach using tris-acryl microspheres ranging in size from 100 to 700 microns
and coils. The right PVE was expanded to segment 1V branches because this practice was
expected to result in better regeneration of the FLR (i.e., left lateral segment) for ERH.26-29
Post-PVE liver volume assessments were performed with 3-dimensional CT volumetry 2 to
8 weeks after PVE, and resectability was reassessed at that time on the basis of degree of
regeneration in nonembolized liver and progression of tumor. Interval chemotherapy was not
routinely used to avoid the risk associated with extended chemotherapy.3%: 31 If hypertrophy
at the first post-PVE volume assessment was insufficient serial radiographic volumetric
assessments were performed and systemic therapy was administered if applicable until the
sFLR volume was sufficient to permit resection.

Definitions of outcomes

Postoperative complications were classified using standard criteria, and major complications
were defined as grade 111 or higher complications.32 Postoperative hepatic insufficiency was
defined as a peak total bilirubin level (normal range, <2 mg/dL) greater than 7mg/dL.33 The
mortality rate was assessed at 90 days after surgery.

All patients who underwent surgical resection were followed up every 3-6 months with CT
scan and serum carcinoembryonic antigen (CEA) level postoperatively. When an equivocal
finding was pointed out on CT scan image with increased serum CEA level, MRI or PET
scan was added to confirm recurrence. Overall survival (OS) was calculated from the date of
surgery to death or last follow-up date for the non-PVE group and from the date of PVE to
death or last follow-up date for the PVE group. Disease-free survival (DFS) was calculated
from the date of surgery to first recurrence detected on CT scan or last follow-up date.
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Statistical analysis

RESULTS

Statistical analysis was performed using IBM SPSS software (ver19.0. SPSS Inc., IL, USA).
Continuous variables were compared using the Mann-Whitney U test. Categorical variables
were compared using chi-squared test or Fisher’s exact test as appropriate. Survival curves
were generated using the Kaplan-Meier method and compared by the log-rank test. All the
tests were two-tailed and statistical significance was defined as p<0.05.

Patient characteristics

Of the 265 patients requiring ERH at presentation, only 126 (47.5%) had an adequate sFLR
to undergo surgery up front; the remaining 139 patients (52.5%) required PVE (Figure 1).
Among the 126 patients with an adequate sFLR, 3 patients were unable to undergo resection
because of interval disease progression (n=1) or grossly abnormal liver tissue associated
with sinusoidal injury (n=1) or steatohepatitis (n=1). Among the 139 patients with an
inadequate sFLR at presentation, right PVE plus segment 4 embolization was successfully
accomplished at the first session in 134 patients (96.4%), and a median volume increase of
52.4% (range, —60.6%—381%) was achieved at a median time from PVE of 27 days (range,
15-259 days). Among the 139 patients with an inadequate sFLR at presentation, 36 never
made it to the operating room because of disease progression (23, 16.5%) including new
lesions in FLR (n=13), rapid progression of tumor extending to FLR (n=2), and extrahepatic
metastases (n=8), inadequate sFLR growth (n=6, 4.3%), or medical comorbidities (n=7,
5.0%). Another 16 patients (11.5%) underwent nontherapeutic laparotomy due to
progression of disease (n=14) or grossly abnormal liver tissue (n=2). Eighty-seven patients
(62.6%) eventually underwent curative ERH. As a result, the curative resection rate
increased from 123/265 (46.4%) at baseline to 210/265 (79.2%) after application of PVE.
PVE did not adversely affect the subsequent treatment outcome except for one patient
(0.7%) who presented inadequate regeneration of FLR due to portal thrombosis developed
after PVE.

Surgical risk (American Society of Anesthesiologists score) was higher and number of
tumors was significantly greater in the PVE group. Operation time was significantly longer
in the PVE group. However, the rates of major complications, postoperative hepatic
insufficiency, and 90-day mortality were similar in the non-PVE and PVE groups (Table 1).

Survival outcomes

With similar follow-up duration (median 44.1 month for non-PVE group and 50.2 months
for PVE group, p=0.234), the 3-year and 5-year survival rates were 54.9% and 38.0%,
respectively for the non-PVE group, and 61.4% and 41.6%, respectively for the PVE group
(Figure 2A). The DFS duration also was similar between these 2 groups (P=0.451) (Figure
2B). Among patients with an inadequate sFLR at presentation, patients who underwent ERH
had significantly better median OS (44.1 months) than patients who underwent noncurative
surgery (21.3 months) and those who did not undergo surgery (24.7 months) (P=0.002)
(Figure 2C).
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DISCUSSION

This study confirms that more than 60% of patients who are diagnosed with unresectable
CLM because of a small FLR are able to undergo ERH after PVE. The patients who
underwent ERH after PVE had operative morbidity and mortality rates similar to those of
patients who underwent ERH without PVE, and these 2 groups of patients also had similar
OS and DFS.

The efficacy of PVE with regard to increasing the proportion of patients who are candidates
for surgery and improving the safety of major hepatectomy has been actively discussed
elsewhere.# 12-15 |n the era of effective chemotherapy and multidisciplinary approaches,
PVE has been increasingly performed because PVE is expected to increase the resectability
of extensive tumors in patients with very small FLR volumes.34 However, although the
feasibility and safety of PVE have already been established,13: 34 35 |ittle evidence is
available regarding the prognostic impact of PVE.36-40

Wicherts et al. analyzed 364 patients who underwent major hepatectomy and reported that
PVE increased resectability and that patients who were able to undergo resection after PVE
had a significantly higher survival rate than patients whose disease remained unresectable
after PVE.1% T In contrast to our findings, these authors also found that the survival rate of
patients who underwent resection after PVE was inferior to that of patients who did not
require PVE. However, in the Wicherts et al. study, the distributions of tumors and extent of
surgery were significantly different between these 2 patient groups: the patients who
underwent resection after PVE had more advanced disease and a higher incidence of bilobar
tumors, and as a result, the proportion of patients who underwent ERH was significantly
higher in this group. Therefore, this study left open the question of whether there is a
survival difference between patients who undergo curative resection without PVE and those
who undergo curative resection after PVE.

The most important result of the current study is that the aggressive surgical approach of
PVE followed by ERH did not result in worse short-term or long-term outcomes than up-
front ERH. In the current oncologically homogeneous population of patients with CLM
requiring resection of the same extent (i.e., ERH), use of PVE clearly increased the number
of patients eligible for ERH, and ultimately, two-thirds of patients with an inadequate sFLR
to permit ERH at presentation were able to undergo curative resection after PVE. As a result,
79.2% of the 265 patients who required ERH at presentation eventually achieved curative
resection with application of PVE. In contrast, survival after nontherapeutic laparotomy was
as poor as that in patients who could not proceed to surgery (Figure 2). Thus, PVE allows
some patients to have prolonged survival by making possible ERH rather than nonsurgical
therapy.

Another noteworthy outcome is that DFS did not differ between patients with PVE followed
by ERH and those with up-front ERH. Several authors have reported that PVE can
accelerate tumor growth and increase the risk of progression of disease during the waiting
time for surgery.17:18. 41 |ndeed, 23 (16.5%) of the 139 patients who underwent PVE in the
current study could not proceed to surgery because of interim tumor progression during the
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waiting time after PVE. However, 87 (62.6%) of the 139 patients who underwent PVE
eventually had curative resection without any evidence of disease progression, and the DFS
of these patients was equivalent to that of patients who had up-front ERH without PVE
(Figure 2). Therefore, with PVE, patients with initially unresectable tumors have a chance to
live as long as patients whose disease was resectable at presentation when adequately
selected based on the degree of regeneration of FLR and oncologic activity of tumor (i.e., no
significant progression) after PVE.

Limitations of the current study include its retrospective nature and a change in the
technique of PVE and definition of sSFLR early in the study period. However, the study was
based on clinical results recorded in a prospective database of patients with CLM, and all
consecutive patients who required ERH at consultation were analyzed. Also, long-term
oncologic outcome is independent of sSFLR or surgical complications. To our knowledge,
this is the first study to compare survival outcomes in a homogeneous population requiring
resection of similar extent (i.e., ERH) and treated with a uniform multidisciplinary approach
with preoperative chemotherapy and PVE. These results warrant a prospective study to
validate the true prognostic impact of PVE.

In conclusion, among patients with CLM with an inadequate sFLR to tolerate ERH at
presentation, two-thirds of patients are able to undergo ERH after PVE. Patients who
undergo ERH after PVE may have OS and DFS equivalent to that of patients who never
needed PVE under a constant policy of a multidisciplinary approach for CLM.
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Clinical outcomes of 265 patients with potentially resectable colorectal liver metastases at

presentation.

Abbreviations. sFLR, Standardized future liver remnant; PVE, portal vein embolization.
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Figure2.

Long-term survival outcomes in patients with colorectal liver metastases. A and B. Overall
(A) and disease-free survival rates (B) in patients treated with extended right hepatectomy
(ERH) without portal vein embolization (PVE) and after PVE. (C) Overall survival rates in
patients who underwent PVE according to surgical treatment.
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Table 1

Clinical parameters for patients who underwent curative resection with extended right hepatectomy (ERH)
without portal vein embolization (PVE) or after PVE.

ERH without PVE ERH after PVE

Parameter (n=123) (n=87) P
Age, median (range), y 56 (25-85) 53 (33-77) 0.13
Gender, male, no. (%) 65 (52.8) 60 (69) 0.02
ASA score 23, no. (%) 78 (63.4) 71(82) 0.004
SFLR at presentation, median (IQR), % - 18.1 (14.1-22.7) -
SFLR before surgery, median (IQR), % 27.5(22.8-33.3) 27.1(21.5-342) 0.94
Preoperative chemotherapy, no. (%) 91 (74.0) 76 (87) 0.02
Number of tumors, median (range) 3(1-21) 5(1-21) 0.0002
Maximum tumor size, median (range), mm 30 (10-260) 33 (5-190) 0.82
Operation time, median (range), min 170 (81-551) 305 (85-745) <0.0001
Blood loss, median (range), mL 400 (40-2900) 500 (50-3500) 0.37
Transfusion, no. (%) 30 (24.4) 15 (17) 0.34
Major complication, no. (%) 27 (22.0) 27 (31) 0.14
Postoperative hepatic insufficiency, no. (%) 18 (14.6) 9 (10) 0.48
90-day mortality, no. (%) 5(4.1) 6 (7) 0.37

ASA, American Society of Anesthesiologists; IQR, interquartile range; sFLR, standardized future liver remnant.
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