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The boundaries of possibility in hepatic surgery con-
tinue to expand. Refinements in surgical and anesthetic
techniques, deeper understanding of hepatic anatomy,
development of new technologies and strategies for hepatic
transection, and improvements in postoperative care all
have contributed to making hepatic surgery safer while also
broadening the universe of patients who might benefit from
this therapy. As surgeons versed in the principles of
modern hepatic surgery through dedicated training pro-
grams at high-volume centers become more widely
disseminated, surgical options can be offered to more and
more patients who need them. Patients with colorectal liver
metastases (CRLM) represent an important group who
stand to gain from these advancements.

Historically, CRLM has been associated with a poor
outcome and a 5-year overall survival rate as low as 5.3%."
Surgical resection with or without ablation of liver
metastases allows selected CRLM patients to achieve
5-year overall survival rates well above 50%.%> Not sur-
prisingly, hepatectomy for CRLM, when feasible, has
become the standard of care in this population for more
than two decades.’

Despite these data, enthusiasm is tempered by the fact
that only 25% to 30% of patients with CRLM are deemed
resectable at presentation.”™ Therefore, devising strategies
to improve resectability for these patients carries a very
high priority. Bilobar distribution of CRLM represents a
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challenging clinical management scenario for patients
previously deemed unresectable who may be given the
opportunity to benefit from surgery, with many approaches
devised to tackle this problem.

The surgical options for bilobar CRLM currently
include anatomic hepatectomy, one-stage parenchymal-
sparing hepatectomy, and traditional two-stage hepatec-
tomy (TSH) with or without portal vein embolization
(PVE), as well as associated liver partition and portal vein
ligation for staged hepatectomy (ALPPS) and liver trans-
plantation. Any one of these approaches for patients with
CRLM relies heavily on precise and accurate assessment of
resectability based on the size, location, and distribution of
the tumors and their proximity to the portal and hepatic
vein branches, all with the goal of eventually preserving an
adequate future liver remnant (FLR).

The need to perform a right hepatectomy with additional
left-sided resections (as is the case in most patients with
multiple bilobar CRLM) exposes patients to a high risk of
post-hepatectomy liver failure. Therefore, many patients
will require hypertrophy of the FLR before resection via
PVE. Furthermore, there is evidence that metastases in the
FLR can grow more rapidly than in the non-tumor-con-
taining hepatic parenchyma in the FLR after PVE, so these
lesions should ideally be resected before a PVE.®’ There-
fore, a staged approach using TSH can be a powerful
strategy for removing all CRLM while leaving an adequate
FLR in patients who would otherwise be unresectable with
a single operation.®

In this issue of Annals of Surgical Oncology, Chavez
et al.” examines the presentation, management, and out-
comes of patients who completed TSH in a cohort in five
major hepatobiliary surgery centers from across the United
States. From December 2000 to March 2016, 196 patients
with bilobar CRLM were identified who had completed a
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TSH. Notably, the average is only two to three patients per
center each year from some of the largest and most expe-
rienced liver surgery centers in the country. This illustrates
how few patients will successfully complete this surgical
approach. Despite this, the Chavez et al.” study represents
one of the largest cohorts investigating outcomes of TSH
for CRLM to date, adding important data to the literature.

The results of this study are largely similar to those of
prior studies in terms of perioperative outcomes and overall
survival, with a 5-year overall survival rate of 44% in this
series compared with 42% to 51% in prior studies.*'”
Notably, the median follow-up period for this cohort was
only 28 months, so to date, the data are not mature enough
to help us understand long-term survival, nor was the
dataset adequately powered to analyze survival in a mul-
tivariate comparison.

This analysis leaves unanswered a very important
question: what proportion of patients who underwent the
first stage of planned TSH did not complete the second
stage? Going back even further in the timeline, what per-
centage of patients with extensive liver metastases who
were deemed potentially resectable and underwent
chemotherapy upfront did not have a good enough response
to move forward with any resection strategy?

These data were not tracked in the report by Chavez
et al.,” whose study included only patients who completed
the second stage of TSH. In prior studies, 25 to 31% of the
patients did not proceed to the second stage of planned
TSH.**'" In the current series with more modern
chemotherapy options, would we see similar results? For
61 to 94% of patients unable to proceed to the second
stage, the most common reason historically has been dis-
ease progression. What was the reason in the current
cohort?

This leads to the question whether chemotherapy should
be administered between stages of TSH. The rationale for
administration of chemotherapy after the first hepatectomy
procedure includes evidence that growth factors inducing
hypertrophy of parenchymal cells after liver resection and
portal embolization also may have the potential to stimu-
late tumor cells.”'*"'? This notion must be tempered with
the concern for further hepatotoxicity from chemotherapy
as more chemotherapy is administered.

In the current series, 60.5% of the patients underwent
chemotherapy between stages of TSH, with an interstage
interval of 4 £ 3.1 months. This is comparable with the
series described by Wicherts et al.,' in which 78% of the
patients underwent chemotherapy between the stages of
TSH, with a mean interstage interval of 4.2 months.

Importantly, in the current study, the patients who had
an interstage interval shorter than 6 months had a better
overall survival after TSH. This difference likely was
multifactorial, representing the patients in the group with

an interval longer than 6 months who had worse disease
biology and a tumor burden harder to control with systemic
chemotherapy. It also could be a reflection of hepatic
toxicity from prolonged systemic chemotherapy and its
contribution to adverse perioperative outcomes.

As noted earlier, an inadequate FLR is a principal
concern when patients are considered for TSH."*> Our most
important tool for manipulating the volume of the FLR still
is PVE (alternatively, portal vein ligation). It is heavily
used in the management of bilobar CRLM, particularly
when a right or extended right hepatectomy is planned at
the second stage.

In the current series, only 65% of the patients underwent
a PVE, a lower rate than in prior studies although 75.5% of
the patients underwent a major hepatectomy at the second
stage.**1°

Accurate calculation of the FLR before major hepatec-
tomy is an important part of surgical planning, and well-
defined volume cutoffs have been reported previously. Of
the patients for whom PVE was omitted, 35% likely had an
adequate FLR volume, which begs the question why they
needed a TSH in the first place. It also is possible that the
longer median interstage interval allowed for more hyper-
trophy of the FLR after the first resection, obviating the
need for PVE.

Approximately 15% of patients will have an inadequate
FLR after PVE. A notable adjunctive option for these
patients is hepatic vein embolization (HVE) in combination
with PVE, which can safely be added to gain even more
hypertrophy of the FLR. Laurent et al.'* recently reported a
series of 73 patients who underwent PVE either with or
without simultaneous HVE. Simultaneous PVE and HVE
resulted in a hypertrophy of 16.98% versus only 8.46%
with PVE alone. For patients found to have an inadequate
FLR, HVE may help to increase the size of the FLR further
to a sufficient volume and should be considered more
widely to help more patients reach the second stage of
TSH.

The application of ALPPS remains controversial. Prior
studies have shown that although ALPPS enabled an ade-
quate FLR to be reached in a shorter time, this came at the
cost of higher morbidity and mortality rates than with TSH.
Furthermore, although not shown in the current series, the
most common reason for patients not undergoing the sec-
ond stage of TSH generally is disease progression, not an
inadequate FLR.*®'® The LIGRO trial, which compared
TSH and ALPPS for the management of patients with
CRLM, showed a higher rate for completion of planned
liver surgery with ALPPS (84% of the patients completed
ALPPS vs 54% of the patients completing TSH).'> The
reason patients did not proceed to the second stage of TSH
in the LIGRO trial was almost always an inadequate FLR,
per the trial’s primary end point. Newer adjuncts such as
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HVE affording even greater increases in volume of the
FLR may further reduce the rate of patients failing to
proceed to the second stage of TSH while making ALPPS
(with its incumbent higher morbidity) less frequently
needed.

On a system level, an important issue to consider is
underutilization of liver surgery in general for CRLM. As
mentioned previously, TSH was used in the current series
for only two or three patients per center annually. Although
this partly resulted from the fact that few patients are
candidates for TSH, it also may reflect under-referral of
bilobar CRLM patients to hepatobiliary surgeons for
evaluation by medical oncologists and other associated
providers early in the course of disease.

In a survey of medical oncologists in the state of
Michigan, Krell et al.'® found wide variation in referral of
patients to a hepatobiliary surgeon for consideration of
surgical resection and identified both bilobar disease and
large tumor size as the most commonly perceived con-
traindications to surgical resection of CRLM. Defining
resectability is paramount in multimodal treatment plan-
ning and relies on detailed understanding of hepatic
surgical anatomy, which is possible only if a hepatobiliary
surgeon is involved upfront in evaluation of all patients
with CRLM. Therefore, TSH often may not be used
because patients with bilobar CRLM are under-referred for
evaluation. We strongly reiterate that all such patients
should be referred to hepatobiliary surgeons upfront for
assessment of surgical options.

Patients with bilobar CRLM remain a challenging group
to evaluate and treat. Currently, TSH remains an important,
safe surgical management strategy for these patients, with
acceptable postoperative outcomes and represents an
opportunity to offer potentially curative treatment. How-
ever, it seldom is used, as demonstrated in the current
study. As more data emerge for the TSH approach, all
patients with CRLM should be referred to hepatobiliary
surgeons for accurate assessment of resectability and con-
sideration of this technique.
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