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KEYWORDS Abstract The treatment of advanced colorectal liver metastases (CRLMs) follows the
Colorectal liver biphasic pattern characteristic of oncological surgery. A phase of escalation—the therapeutic
metastases; aggressiveness—is followed by a phase of de-escalation aimed at decreasing the morbidity,
Hepatectomy; while preserving the gains in survival. From a maximum of three lesions, the rule no longer
Parenchymal sparing limits the number, provided the intervention does not cause lethal liver failure. Technically
surgery; feasible non-anatomical resections, two-stage hepatectomies, portal vein obliteration and so
Intraoperative forth, have pushed the boundaries of surgery far. However, the impact and the biology of met-
ablation; astatic processes have been long ignored.

Liver failure Parenchymal sparing surgery (PSS) is a de-escalation strategy that targets only metastasis by

minimising the risk of stimulating tumour growth, while enabling iterative interventions.
Reducing the loss of healthy parenchyma increases the tolerance of the liver to interval chemo-
therapy. Technically, PSS could use any type of hepatectomy, providing it is centred on the
metastatic load alongside intraoperative ablation.

The PSS concept sometimes wrongly comes across as a debate between minor versus major
hepatectomies. Hence, we propose a clear definition, both quantitative and qualitative, of
what PSS is and what it is not. Conversely, the degree of selectivity of PSS as a percentage

* Corresponding author: Digestive tumours unit, Institut Bergonié, 229 cours de I’Argonne, 33076 Bordeaux, Cedex, France.
E-mail address: s.evrard@bordeaux.unicancer.fr (S. Evrard).

https://doi.org/10.1016/j.ejca.2018.09.030
0959-8049/ 2018 Published by Elsevier Ltd.

https://reader.clsevier.com/reader/sd/pii/S095980491831400X ?token=747BDB33058... 29/10/2018



Parenchymal sparing surgery brings treatment of colorectal liver metastases into the ...

196 S. Evrard et al. | European Journal of Cancer 104 (2018) 195—200

of the volume of resected metastases versus the volume of total liver removed has not been
stopped to date and should be the subject of prospective studies.

Ultimately, the treatment of advanced CRLMs, of which PSS is a part, needs to be perso-
nalised by the multidisciplinary team by adapting its response to each new recurrence.

2018 Published by Elsevier Ltd.

1. Introduction

Treatment of colorectal liver metastases (CRLMs) is a
paradigm of the progression of surgical oncology.
Initially, conservative techniques were used on a limited
number of lesions. Surgeons were cautious owing to the
inherent difficulties of liver surgery and the low efficacy
of chemotherapy at the time. At the end of the 1980s, it
was assumed that no patient operated on for more than
four CRLMs would survive beyond 3 years. Neverthe-
less, this was progressively followed by more aggressive
approaches, extending the range of indications for more
and more advanced diseases. Finally, indications of re-
sections changed to focus on ensuring enough functional
parenchyma remained. In parallel, extrahepatic targets
such as limited peritoneal carcinomatosis and lung me-
tastases were included in curative procedures. Owing to
the progress in anaesthesiology and perioperative care,
surgeons just focussed on what was technically feasible.
But finally, inspired by biology and through the usual
de-escalation process of surgical oncology, the strategy
matured targeting just the liver metastases and sparing
the healthy liver parenchyma.

To serve this de-escalation, several techniques, such
as non-anatomical resections [1], minor hepatectomies
[2] and intraoperative ablations [3], have been used. The
oncological clearance also evolved from more than 2 cm
to at least 1 cm, then 2 mm and finally to 0 mm [4].
Refined intraoperative ultrasound (IOUS) guidance
allowed removal of deeply located liver lesions, as many
as 50, in a single operation [5]. IOUS also enabled suc-
cessful application of intraoperative ablation [6].
Furthermore, the regenerative ability of liver paren-
chyma presented unique opportunities in surgical
oncology. Selective vascular occlusion of the areas with
CRLMs made it possible to induce hypertrophy of the
future remnant liver (FRL), allowing sophisticated one
or two-stage surgical procedures [7] and minimising the
risk of postoperative liver failure but increasing, at the
same time, the risk of trigging the tumoural growth of
remnant micrometastases.

In parallel, all these aggressive and sophisticated
treatments were legitimised by improving the systemic
control with several lines of chemotherapy and targeted
therapy. Indeed, the survival of metastatic patients in
the palliative setting has increased from 24 to 29 months
[8]. Now, resectable diseases have an overall 5-year
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survival of almost 65% for solitary CRLMs [9] and
35% for multisite CRLMs [3]. However, this efficacy
pays a price in terms of liver-induced toxicity with
increased morbidity and mortality due to extended re-
sections [10].

As surgeons and oncologists faced frequent recurrent
disease requiring several lines of treatments, it became
critical to take into account the biology of the metastatic
process. The risks with concomitant systemic chemo-
therapy and biologicals need to be considered when
defining the optimal type and timing of CRLM surgery.
All these criteria are key for the de-escalation strategy
that spares normal parenchyma and focus treatment on
the sole identified CRLM. Conceptually, this approach
brings back oncology to the heart of the discussion.
Contrarily, the recent introduction of laparoscopy to
treat CRLMs, just because it seems feasible, breaks
down the principle of de-escalation by promoting a re-
turn to major hepatectomies which are less difficult to
perform than tumourectomies.

Nevertheless, authors who support parenchymal
sparing surgery (PSS) have published different defini-
tions introducing some confusion [I,11—16]. Consid-
ering how this technique can potentially decrease the
risk of surgical complications, recurrence and progres-
sion, there is a clear possibility today for hepatobiliary
experts to reach for a consensus on PSS definition; how
PSS should be implemented practically and how quality
assurance measures could help us in its rationalisation
have still to be discussed and developed.

1.1. Diffusion of micrometastatic CRLMs as the main
criticism for extensive resections

From being a lethal disease, the CRLM has become
more of a chronic disease [17]. The higher the number of
treatment lines that can successfully be completed by
patients, the longer the survival. This is true not only for
systemic treatments but also for surgery.

Current rational is that all the metastases are syn-
chronous [18] with the primary tumour. Metachronous
metastasis is thought to be a consequence of the failure
of the immune surveillance of dormant micrometastatic
lesions [18], which are present at an early stage of dis-
ease. These might have also infiltrated the FRL seg-
ments. Hence, increasing the resection volume is a one-
shot strategy that will not necessarily benefit the
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patients. On the other hand, PSS is a precision surgical
strategy that is adapted to spotting multiple micro-
metastases, regardless of their location in the organ.
Moreover, it is delivered similar to systemic chemo-
therapy with several lines tackling several waves of
recurrences.

Recent data on immune surveillance confirm the in-
terest for iterative local treatments such as ablation of
metastases. Such treatments are supposed to liberate
tumour cell—derived antigens leading to autovaccina-
tion. Proponents of trials hypothesise that they may be
able to increase this abscopal effect (e.g. http://www.
eortc.org/research_field/clinical-detail/1560/).  Intraop-
erative ablation, which has been clearly underused in
hepato-biliary (HPB) surgery, could now find a fair
recognition, especially as a complementary strategy to
immune therapy.

It is important for a multidisciplinary team (MDT) to
propose several lines of treatment, including iterative
surgery for CRLMs during different waves of re-
currences [19]. Moreover, choosing chemotherapy regi-
mens that do not significantly increase surgical
complications is crucial for the successful control of
metastatic disease. It is known that more than 12 cycles
of chemotherapy can lead to an unacceptable level of
postoperative mortality [2]. PSS permits good outcomes
both for minor and major hepatectomies, provided only
a small portion of normal parenchyma is resected in
both procedures [11].

1.2. Surgical trauma may induce recurrence and
progression

It is well established that any type of liver parenchymal
trauma—resection, ablation or portal vein obliteration
(PVO)—releases cytokines responsible both for hepa-
tocyte homoeostasis and the residual metastatic growth
[20,21]. It has been clearly shown that PSS advocates
one-stage surgery more frequently compared with two-
stage surgery [5,22], which may require additional PVO.
PSS can offer safe iterative treatment when faced with
many recurrences. It also minimises the biological risk
of the treatment, a risk clearly identified among patients
who drop out of the two-stage procedures because of
progression [23.24]. The idea that PVO, two-stage hep-
atectomies or the associated liver partition and portal
vein ligation for staged hepatectomy (ALPPS) proced-
ure can be a test for more aggressive surgery is not
acceptable [24] as survival of patients who drop out is
lower than that of patients treated by palliative
chemotherapy alone [23]. Moreover, a recent analysis
has shown that recurrence-free survivals of patients who
underwent one-stage surgery are similar to those suc-
cessfully completed staged approach [24]. European
Organisation for Research and Treatment of Cancer
(EORTC)/European Society of Surgical Oncology
(ESSO) 1409 CLIMB study has recently completed its
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primary analysis on 30- and 90-day surgical complica-
tion rates in patients with unresectable CRLMs that
have undergone either one- or two-stage hepatectomies
or surgery for multisite metastases (ASCO 2018 abstract
#216587). There is an indication for more severe com-
plications and higher mortality rates for two-stage pro-
cedures. Assessment of correlation to tumour burden is
ongoing.

ALPPS has been proposed as a better inducer of FRL
growth and consequently, as a salvage strategy for
advanced CRLMs. This technique induces more
parenchymal necrosis and inflammatory cytokine
release. Mortality is as high as 9% [25,26], and the
oncological outcomes do not seem any better than in
palliative treatment [27]. Last but not the least, recent
studies indicate that the volume of hepatocytes is not
correlated to liver function. 99mTc-mebrofenin scintig-
raphy shows that post-ALPPS hepatocytes [28] are
immature. Consequently, even if FRL volume is ob-
tained, the poorly functioning hepatocytes will increase
the risk of postoperative liver failure. One-stage
approach assessed preoperatively by an MDT has a
clinical and biological superiority over more aggressive
approaches such as two-stage hepatectomies, PVO and
ALPPS. The risks and benefits of these different
techniques should be clearly discussed with patients, at
the first instance, or reserved for the more advanced
cases [29].

1.3. A challenge to achieve a common definition of PSS

The main misconception regarding PSS is the issue of
minor versus major hepatectomies [15,30]. If a right liver
is full of CRLMs, a right hepatectomy can be considered
as PSS even though it is a major hepatectomy. On the
other hand, if a 2-mm CRLM is resected by a full seg-
mentectomy, it should not be considered as PSS even
though it is a minor hepatectomy (Fig. 1). The attempt
to justify PSS by studying a series of resections for
unique metastasis [16] is theoretically correct but clini-
cally distorted; in practice, PSS should be applied for
more advanced cases that will need complex decisions

B

Fig. 1. PSS has no correlation with the classification of minor
versus major hepatectomies. (A) illustrates a case of the extended
right hepatectomy which is a PSS and (B) illustrates a case of a
monosegmentectomy not being a PSS. PSS, parenchymal sparing
surgery.
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based on a response to chemotherapy and risk of sur-
gical procedure. The authors believe that focussed
resection (tumourectomies) [31], even accepting tumour
in contact with major vascular structures [32] or the
combination of ablation and resection [6], would
implement the right concept of PSS. Both approaches
minimise the need for a PVO and lower the surgical risk
when compared with other procedures.

For a clinical validation of its theoretical superiority,
the following questions need to be addressed: what is the
practical definition of PSS? How to perform PSS? How
can we tailor CRLM surgery to decrease complications
yet maintain favourable outcomes? In future, studies
evaluating volume-based threshold of an acceptable
ratio of normal parenchyma versus the tumoural burden
need to be carried out. Is 80% or 50% an acceptable cut-
off ratio to judge whether PSS is feasible or not? Will it
be possible to correlate this threshold with assessment of
clinical and molecular biomarkers, clinical outcomes
such as posthepatectomy liver failure frequency or the
surgical morbidity/mortality rate? There is no consensus

in these matters yet. Prospective studies on complex
CRLMs are scarce, and hence, only retrospective studies
[11,15,16,30] have been published based on very
different definitions of PSS.

To achieve a common definition of PSS in prospec-
tive studies, collaboration across expert networks of
surgeons, pathologists, radiologists and oncologists is
needed. A standardised data set to accurately and
consistently document CRLMs in terms of size, loca-
tion and extent is needed. Ideally, a central imaging
platform is needed to collate images. Preoperative im-
ages will need to be correlated with intraoperative
findings and postoperative pathology evaluation. A
quality assurance infrastructure such as SURCARE
[33] can facilitate an integrated central review and
correlate clinical outcomes. Fig. 2 shows pathology
quality assesment (QA) performed in the EORTC 1527
DREAM study demonstrating standard cuts using a
machine slicer and photo documentation of each slice.
This approach will offer more accurate estimates of
tumour volume and definition of PSS.
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Fig. 2. An example of how a surgical specimen has to be proceeded to appraise if the surgery was a PSS. The specimen is cut into 5-mm
slices. The total area and the tumour area are delimited, and software determines the surface of each zone. This operation is performed for
each slide. The subtraction of the total area on the surface of the tumour area makes it possible to determine the surface of healthy
parenchyma and so the respective percentages of healthy and tumour parenchyma. Case 1 illustrates a PSS when case 2, a non-PSS. PSS,

parenchymal sparing surgery.
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2. Conclusion: moving towards precision medicine with
PSS for better CRLM surgery outcomes

We believe that PSS brings surgical treatment of CRLMs
into the personalised medicine era. PSS is tailored around
patient’s disease biology and clinical characteristics. It
requires surgeons and MDTs to plan treatments with less
risk of complications that may trigger recurrences or
progression. In the future, tailoring a parenchymal sur-
gery for one patient will also incorporate molecular and
clinical scores along with the tumour volume.

The main limitation of PSS is the relevance of the
surgical indication itself. Is it relevant to operate on 15,
20, 30 or 50° CRLMs? Probably the answer is personal,
case by case and remains the privilege of the MDT deci-
sion. It is true that the prognosis of the CRLM disease
decreases with the number of metastases and the plurality
of theinvolved organs. Pushing the limits of PSS relegates
surgery to an adjuvant role to chemotherapy (which in-
creases the survival of these patients in the palliative
setting, year after year). Nevertheless, some noteworthy
progress can be expected in CRLM survival in the future,
mainly by making microsatellite stable (MSS) colorectal
tumours sensitive to immunotherapy (which is currently
not the case). Surgeons must be technically ready to as-
sume their role of ‘residual lesion cleaners’.

Another technical limitation is the vanishing and the
isoechoic metastases, two subtypes of CRLMs probably
responsible for a large amount of recurrences of the
disease. At a macroscopic but invisible level, they
represent the same threat as micrometastases do at the
microscopic level. Alone, this cannot justify sacrificing a
large amounts of normal parenchyma. But the debate of
removing the putative volume of a missing CRLM
versus an imaging survey is always pending and sur-
passes the debate of PSS.

The first interesting prospective evaluation is ex-
pected as a translational research study within EORTC
1527 GITCG (DREAM) study (http://www.eortc.org/
research_field/clinical-detail/1527/) in  collaboration
with EORTC Gastrointestinal Cancer Group, ESSO,
Japan Clinical Oncology Group, Ligue nationale
contre le Cancer, MD Anderson Cancer Center and
Ohio Hospital State University.

Reaching a consensus on PSS will potentially offer a
more precise, safe and effective surgery for CRLM
patients.
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