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Achieving an RO hepatic resection, optimally with more than 1 mm of clear margin, should always be the goal. In
the era of the aggressive multimodality treatment of liver metastatic colorectal cancer, an R1 resection might be the
cost of increasing the pool of patients finally eligible for resection. The majority of literature reports have highlighted
the detrimental effect of R1 resections on local recurrence and overall survival. There are indeed studies that
degraded the prognostic handicap as a consequence of an R1 resection in selected patients and highlighted the
presence of RAS mutations, the response to chemotherapy, and, in general, factors that reflect the biology of the
disease as important, if not the determinant, prognostic factors. In these patients, the aggressive disease biology
seems to outperform the resection margin status as a prognostic factor, and the recorded differences between R1

and RO resections are equalized.

colorectal cancer liver metastases resection margins RO resection R1 resection

| 1. Introduction

Metastatic colorectal cancer is associated with a rather dismal 5-year overall survival of 14% W. Liver is the most
commonly affected organ. Improved 5-year survival rates, even up to 58% after successful hepatic resections, for
metastases confined to the liver, have been reported [2. Therefore, surgery, in the form of hepatic resection with
clear resection margins, can assign these stage IV colorectal cancer patients with resectable colorectal cancer liver
metastases (CRLM) into a prognostic group with an associated overall survival pretty much similar to stage Il
colorectal cancer Bl. The technical definition of resectability has, notably, evolved over time with an obvious trend
towards the expansion of the indications for surgery. In general, the disease is considered resectable as long as
complete macroscopic resection is feasible, while maintaining at least a 30% future liver remnant or a remnant liver
to body weight ratio >0.5 . However, there are patients eligible for hepatectomy according to the technical criteria
that the disease relapses shortly after the operation and ultimately do not experience benefits, in terms of survival,
out of this approach. Indeed, as much as half of the patients submitted to hepatectomy for CRLM will develop

widespread systemic disease within 3 years of resection &,

The proper patient selection relies upon the identification of the risk factors behind the devastating event of early
recurrence following hepatic resection for CRLM. In 1999, Fong et al. published a classic, in the field of liver
surgery, analysis of 1001 patients submitted to hepatectomy for CRLM aiming to define the risk factors for

recurrence after hepatic resection on the background of metastatic colorectal cancer €. The authors identified
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seven factors as independent predictors of poor long-term outcome: (1) Positive margin, (2) Extrahepatic disease,
(3) Node-positive primary tumor, (4) Disease-free interval, from the diagnosis of the primary tumor to the
development of the metastases, less than 12 months, (5) Number of hepatic tumors > 1, (6) Largest hepatic tumor
larger than 5 cm in diameter, and (7) Carcinoembryonic antigen (CEA) levels > 200 ng/mL 8. It becomes obvious
that apart from the technical aspects of resectability, oncological criteria should be taken into account, as well,
when deciding the treatment plan in patients with CRLM 2. In practice, parameters such as the number of lesions,
the possible presence of extrahepatic disease, and, in general, the criteria highlighted by Fong et al. 8, in their
classic report, can predict a higher likelihood of longer disease-free survival 4. Surgery is probably not the best
option, at least upfront, when these risk factors are present.

| 2. Risk Factors for R1 Resection

An important aspect before assessing the prognostic correspondence of an R1 hepatic resection for CRLM is to
identify patients at risk for such a resection. Welsh et al. developed a predictive index for quantifying the likelihood
of an R1 hepatic resection for CRLM by studying a cohort of 929 patients. The authors reported an R1 resection
incidence of 8.8%, while they identified five risk factors as independent predictors of an R1 resection: (1) Non-
anatomical resection, (2) >3 hepatic metastases involving >50% of the liver parenchyma, (3) Bilobar disease, (4)

Repeat hepatic resection, and (5) Abnormal preoperative liver function tests [&l,

RAS mutations, which have been linked to more invasive and migratory tumor biology and a poor response to
modern chemotherapeutic agents, have been implemented, as well. Brudvik et al. studied 663 patients with CRLM,
of whom 229 had mutant RAS. The positive margin rate, defined as tumor cells < 1 mm from the resection margin,
was 11.4% in the mutant RAS group and 5.4% in the wild-type RAS group (p = 0.007). The only factors associated
with a positive margin were RAS mutation status (p = 0.005) and carcinoembryonic antigen levels of more than 4.5
ng/mL (p = 0.026). Furthermore, the authors analyzed the patients presenting with metachronous liver metastases
and reported that those with mutant RAS had narrower clear resection margins during hepatectomy (median 4 mm
vs. 7 mm—p = 0.031) &,

The role of preoperative chemotherapy on resection margin status has been also investigated. Solaini et al.
conducted a retrospective analysis, but with a propensity score matched analysis, and reported that preoperative
chemotherapy was significantly associated with the rate of positive resection margin (25.5% vs. 8.5%) 9. Aligned
in the same direction, a multicenter study by Benedetti et al. analyzed a cohort of 3387 patients who underwent
open or laparoscopic liver resection for CRLM in nine European high-volume referral centers. According to the
results, the risk factors for R1 resection were: (1) The type of resection (non-anatomic or anatomic), (2) The
number of nodules, and (3) The size of the tumor. In regard to the laparoscopic group specifically, blood loss
proved to be a risk factor, whereas the Pringle maneuver had a protective effect against an R1 resection. The
predictive size of a tumor for R1 resection was >45 mm for the open surgery and > 30 mm for the laparoscopic
approach; the presence of more than two metastases increased the risk in both groups, while blood loss of more

than 350 cc increased the risk in the laparoscopic approach 111,
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It becomes clear that an R1 hepatic resection should not be considered solely synonymous to a poor surgical
technique because the oncological characteristics of the metastatic disease could occasionally compromise the
goal for an RO resection. The presence of parameters that predict aggressive disease biology such as the
increased number of lesions, the presence of bilobar disease, the mutant RAS status, and the poor response to
chemotherapy could increase the likelihood for an R1 resection even when extensive hepatic resections, aiming to

guarantee clear resection margins, are undertaken.

| 3. Definition and Prognostic Implications of R1 Resection

In general, curative surgery prerequisites the complete resection of the tumor with clear pathological resection
margins, i.e., an RO resection. Aligned with this dogma of surgical oncology, multiple studies in the early 2000s
analyzing the results of hepatic resection on the background of CRLM have demonstrated that when a
microscopically positive resection margin, i.e., an R1 resection, is the case, then a worse overall survival should be
anticipated. More specifically, 5-year survival rates following a microscopically negative RO resection and an R1
resection have been reported to range from 37% to 64%, and less than 20%, respectively [21213114] However, de
Haas et al., in their 2008 study with 436 patients treated with combined modality therapy utilizing chemotherapy
and surgical resection, directly questioned these results. The authors reported that R1 resection had comparable
long-term survival outcomes to RO resection, i.e., 5-year overall survival rates were similar, i.e., 61% vs. 57%,
between patients who had undergone an RO or an R1 resection, respectively 231, The study was greeted with
skepticism by the surgical community and criticized for its methodology. However, it created the necessary creative
doubt in regard to the actual impact of the resection margin status on overall survival. The logical assumption was
that additional factors, besides the resection margin status, acting either synergically or independently could

decisively influence the prognosis of patients with CRLM.

Traditionally, an R1 resection is considered a resection where, although there is no macroscopic tumor involvement
on the resection margin, the pathology report highlights the microscopic resection margin as infiltrated by tumor
cells. However, in 2015, the EGOSLIM (Expert Group on OncoSurgery management of Liver Metastases) group
suggested that a minimal surgical clearance margin of 1 mm can be considered adequately safe when performing
hepatic resection for CRLM 28], This statement decisively influenced the definition of R1 resection as a resection
with at least 1 mm of clear resection margin. However, in the literature, a microscopically positive margin (R1) has
been commonly equated with either an involved margin (margin width = 0 mm) or a margin width of less than 1
mm. Unavoidably, the absence of a universally adopted definition acted as the starting point for problems with the
interpretation of the results out of different studies. In practice, the proposal of the >1 mm clear margin definition of
RO resection appears justified as long as a notable difference in prognosis can be documented in the cohorts of

patients created when the two definitions are separately applied.

Wang et al. aimed to test the validity of the definition of R1 resection focusing especially on patients with a margin
width of 0—1 mm, a group of patients that have been inconsistently classified in either the RO or R1 categories. The
authors studied 633 patients who underwent a resection of CRLM and reported that a margin width of =1 mm was

associated with improved survival vs. a sub-mm margin (65 vs. 36 months—p = 0.03) or an involved margin (65 vs.
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33 months—p < 0.001) &7, Using the same methodology, another study with 2368 patients submitted to a liver
resection for CRLM at the Memorial Sloan Kettering Cancer Center compared survival according to the resection
margin width. According to the results, the median overall survival of the R1 (0 mm), 0.1 to 0.9 mm, 1 to 9 mm, and
10 mm or more groups were 32, 40, 53, and 56 months, respectively. Compared with R1 resection (0 mm), all
margin widths, including sub-mm margins, correlated with prolonged overall survival (p < 0.05). The authors
concluded that wide margins should be the goal whenever possible, but resection should not be precluded if

narrow margins are anticipated, as submillimeter margin clearance is also associated with improved survival 28,

The existing reports on the subject are mainly retrospective in nature with significant limitations. Propensity score
matching is a statistical technique that has been widely used in order to reduce confounding biases such as
selection bias in observational studies. A study by Sakai et al. represents an example on how propensity scores
can alter the results of an observational study. The authors evaluated the influence of R1 resection on recurrence
patterns and prognosis in 232 patients submitted to hepatic resection for CRLM. According to the results, patients
with R1 resection had significantly poorer recurrence-free survival and overall survival compared to patients with
RO resection. However, after propensity score matching, there were no significant differences in recurrence-free
survival and overall survival associated with the margin status. The authors concluded that among the group of
patients with similar characteristics, as created by the propensity score matching, R1 resection does not seem to
affect long-term outcomes and the R1 resection status should be regarded as an indicator of aggressive tumor
biology 19,

In general, achieving an RO resection with at least 1 mm of clear resection margin should always be the goal of a
hepatic resection for CRLM because this seems to be consistently the safest way to achieve optimal long-term
results. However, several technical and disease-related factors could lead to a suboptimal, i.e., less than 1 mm,
resection margin. This R1 resection patient group exhibits notable heterogeneity in regard to prognosis. More
specifically, among R1 resections, there are patients with a prognosis pretty much similar to RO resections, while
there are also patients with significantly worse prognosis compared to RO resections. Within this context, adapting
the definition of an RO resection as a resection with at least 1 mm of clear resection margin appears justified. In
regard to R1 resections, the actual challenge is to accurately define the oncological, technical, and clinical
parameters that could neutralize the possible prognostic handicap associated with this certain resection margin

status.
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