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Stéphanie Truant, MD,zzz Francois-René Pruvot, MD,zzz Emir Hoti, MD,§§§ Patryk Kambakamba, MD,§§§

Ivan Capobianco, MD,��� Silvio Nadalin, MD,��� Eduardo S. M. Fernandes, MD, MSc,jjjjjj����
Philipp Kron, MD,�yyyy Peter Lodge, MD,yyyy Pim B. Olthof, MD, PhD,zzzz Thomas van Gulik, MD, PhD,zzzz
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Objectives: To analyze long-term oncological outcome along with prognos-

tic risk factors in a large cohort of patients with colorectal liver metastases

(CRLM) undergoing ALPPS.

Background: ALPPS is a two-stage hepatectomy variant that increases

resection rates and R0 resection rates in patients with primarily unresectable

CRLM as evidenced in a recent randomized controlled trial. Long-term

oncologic results, however, are lacking.

Methods: Cases in- and outside the International ALPPS Registry were collected

and completed by direct contacts to ALPPS centers to secure a comprehensive

cohort. Overall, cancer-specific (CSS), and recurrence-free (RFS) survivals were

analyzed along with independent risk factors using Cox-regression analysis.
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Results: The cohort included 510 patients from 22 ALPPS centers over a 10-

year period. Ninety-day mortality was 4.9% and median overall survival, CSS,

and RFS were 39, 42, and 15 months, respectively. The median follow-up time

was 38 months (95% confidence interval 32–43 months). Multivariate

analysis identified tumor-characteristics (primary T4, right colon), biological

features (K/N-RAS status), and response to chemotherapy (Response Evalua-

tion Criteria in Solid Tumors) as independent predictors of CSS. Traditional

factors such as size of metastases, uni versus bilobar involvement, and liver-

first approach were not predictive. When hepatic recurrences after ALPPS

was amenable to surgical/ablative treatment, median CSS was significantly

superior compared to chemotherapy alone (56 vs 30 months, P < 0.001).
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Conclusions: This large cohort provides the first evidence that patients with

primarily unresectable CRLM treated by ALPPS have not only low perioper-

ative mortality, but achieve appealing long-term oncologic outcome espe-

cially those with favorable tumor biology and good response to chemotherapy.

Keywords: associating liver partition and portal vein ligation for staged

hepatectomy, cancer-specific survival, colorectal liver metastases, long-

term outcome, tumor biology

(Ann Surg 2020;xx:xxx–xxx)

T he liver is the most common organotropic site for distant
metastases from colorectal cancer.1 Often, patients with colo-

rectal liver metastases (CRLM) present with extensive hepatic
disease, which are not amenable to curative one-stage resection
due to bi-lobar involvement and/or a too small future liver remnant
(FLR). In these upfront unresectable scenarios, neoadjuvant chemo-
therapy followed by two-stage hepatectomy (TSH) offers a potential
curative strategy.2–4

Associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS) is a TSH variant triggering rapid FLR hyper-
trophy that enables two-stage completion within a short period of 7 to
14 days.5 ALPPS increases resection rates and R0 resection rates and
has been mainly performed for otherwise unresectable CRLM.4,6,7 In
addition, a recent randomized controlled trial revealed superior
resection rates and overall survival over the classical TSH approach
in patients with CRLM.8,9 Although initial reports of ALPPS raised
safety concerns of high morbidity and early mortality rates,7,10 there
is accumulating evidence that perioperative mortality has meanwhile
improved for this complex procedure to the level of comparable
results associated with major hepatectomy.7

Although CRLM remain the main indication for ALPPS
among all liver tumors, long-term oncologic results are still lacking,
and are nowadays considered as the Achilles’ heel of ALPPS.
Therefore, the goal of the present study was to fill the gap of missing
long-term outcome data in a large cohort of patients undergoing
ALPPS for CRLM. In addition, the study aims to identify indepen-
dent predictors of long-term oncological outcome.

MATERIAL AND METHODS

Study Design
This ALPPS cohort study follows an international, multicenter

design and is based on data captured in and outside the International
ALPPS Registry (ClinicalTrials.gov: NCT01924741). The Registry
prospectively collects data on ALPPS cases since 2012 and is coordi-
nated by the Department of Surgery, University of Zurich, Switzerland.
In addition, centers outside the ALPPS registry were contacted to
contribute cases retrospectively. ALPPS centers contributing 10 or
more cases to the ALPPS Registry as well as ALPPS centers outside the
registry with an experience of the same threshold volumes were
considered for study enrollment. Demographic, tumor-related, and
survival data were collected. The primary objective of this study was to
investigate factors determining long-term cancer-specific survival
(CSS) of patients undergoing ALPPS for CRLM. All participating
centers were directly contacted to close data gaps and update their
cases with the most recent follow-up per February 09, 2020. The
Cantonal Ethics Committee of Zurich approved to use registry data for
scientific analysis (KEK 2013–0326). Furthermore, the Scientific
Committee of the ALPPS Registry approved the current study on
June 27, 2017 (http://alpps.net/?q=node/90). Approval to use data of
additional cases for this multicenter analysis was obtained by the local

institutional review boards of the respective centers.
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Grouping of Right- Versus Left-sided Primary Colon
Tumor

The anatomic localization of the primary colorectal
cancer was group into right- and left-sided colonic tumors. Left
colonic and rectal tumors were grouped as left-sided tumors.
Patients with concomitant right- and left-sided tumors were
assigned to the right-sided group. Transverse colon tumors were
assigned to left- and right-sided by the center without providing the
exact anatomic demarcation line. Although the majority of
studies uses the splenic flexure as demarcation line between right-
and left-sided tumors,11 the low incidence of transverse colonic
tumors of approximately 5% among all colorectal tumors would
make a misclassification into right- or left-sided group statistically
negligible.12

Assessment of Response to Chemotherapy
Response to chemotherapy before ALPPS was assessed by

serum carcinoembryonic antigen (CEA) levels, image-based tumor
morphology, and pathological-based microscopic evaluation.
Serum CEA levels were collected before and after pre-ALPPS
chemotherapy and the drop in percent was calculated. Imaging-
based response to chemotherapy was assessed by unidimensional
measurement of the target lesions using the Response Evaluation
Criteria in Solid Tumors (RECIST).13 Good response was defined as
complete or partial response whereas poor response as stable or
progressive disease. Pathology-based response to chemotherapy
was graded using the 5-graded tumor regression classification
system.14

Definition of Survival Endpoints
The primary endpoint was CSS, which was defined as time

from ALPPS stage 1 to death from underlying colorectal cancer
disease excluding patients with 90-day mortality. Secondary survival
endpoints included overall survival (OS, time from ALPPS stage 1 to
death of any cause) and recurrence-free survival (RFS, time from
ALPPS stage 1 to occurrence of recurrent disease). Patients without
documented event (death or recurrence) were censored and marked
in the respective plots.

Statistical Analysis
For descriptive statistics and univariate analysis continuous

data are reported as median and inter-quartile range, categorical data
are reported as frequencies and proportions in percentage (%). In
univariate analysis, OS, CSS, and RFS were compared among
various patients and tumor characteristics as well as individual
response to chemotherapy. Receiver operating characteristics curve
analysis was performed to identify the optimal cut-off points for
continuous variables. Briefly, this was based on the Youden J
statistic, which gives equal weight to sensitivity and specificity.
Primary and secondary survival endpoints were analyzed by the
Kaplan-Meier method and groups were compared with the log-rank
test. Multivariable analysis was performed with Cox regression
analysis. Cases with missing data were excluded from Kaplan-Meier
survival and multivariable analysis. All P-values were two-sided
and considered statistically significant if P� 0.05, unless stated
otherwise, in the multivariable analysis where P� 0.1 was consid-
ered statistically significant. Statistical analysis was performed
using R version 3.3.2, R Studio version 1.0.44 (Boston, MA,
2016) with the graphical user interface rBiostatistics.com alpha
version (rBiostatistics.com, London, UK, 2017) and IBM SPSS
Statistics version 22 for Macintosh (IBM Corporation, Armonk,

NY).
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RESULTS

How Was the Study Population Composed?
The cohort included 510 patients with CRLM who under-

went ALPPS during the 10-year period from 2009 to 2019 from 22
international centers. The median age of the entire cohort was
60 years (51–67 years) and 64% of patients (n ¼ 326) were
male. The majority of patients presented with synchronous
(74%) and bilobar (81%) disease and underwent neoadjuvant
chemotherapy (92%) before ALPPS. The median number of liver
lesions was 6 (4–10) with a median diameter of the largest lesion of
45 mm (30–70). The vast majority of patients (96%) completed
stage 2 surgery. The 90-day mortality rate after ALPPS was 4.9%.
At time of the last follow-up, 121 patients were alive without
disease, 129 alive with disease, 177 died due cancer, 44 died due
other causes, and patient status was unknown in 39 patients. The
median follow-up time was 38 months [95% confidence interval
(CI) 32–43 months]. Detailed information on patient, tumor, and
treatment characteristics as well as survival are presented in

Table 1 and Figure 1.

TABLE 1. Patient and Tumor Characteristics

Variable Number of Patients

Age, yrs 510
Gender; female, n (%) 510
BMI, kg/m2 479
Primary tumor

Location of primary tumor 497
Right colon, n (%)
Left colon, n (%)
Synchronous right and left colon, n (%)
Rectum, n (%)

T1/T2/T3/T4, n (%) 459
N0/N1/N2, n (%) 459

Liver metastases
Concomitant lung metastases, n (%) 453
Timing of liver metastases 500

Synchronous, n (%)
Metachronous, n (%)

Bilobar disease, n (%) 500
Number of lesions, n 446
Diameter of largest lesion, mm 469
Liver-first approach, n (%) 500
K/N-RAS 425

Mutated, n (%)
Wild type, n (%)

CEA before chemotherapy, mg/l 310
CEA before ALPPS, mg/l 288

Chemotherapy
Chemotherapy before ALPPS, n (%) 499
Monoclonal Antibodies, n (%) 472
Chemotherapy response (RECIST) 449

RECIST 0–1, poor response, n (%)
RECIST 2–3, good response, n (%)

Chemotherapy response (Path)�, n (%) 319
TRG 1, no residual cancer, n (%)
TRG 2, rare residual cancer, n (%)
TRG 3, residual cancer < fibrosis, n (%)
TRG 4, residual cancer > fibrosis, n (%)
TRG 5, no signs of regression, n (%)

�Refers to tumor regression according to Rubbia Brandt.
14

Continuous variables presente
(%).

ALPPS indicates associating liver partition and portal vein ligation for staged hepatecto
metastases; RECIST, response evaluation criteria in solid tumors; TRG, tumor regression g
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Did Surgical Strategy or Postsurgical Complications
Influence Oncological Outcome?

Overall, the ‘‘classical’’ ALPPS procedure was performed in
66% of cases, whereas less invasive variants were performed in 34% of
cases (Table 2). The choice of the procedure variant did not affect CSS
(P¼ 0.99). Likewise, the liver-first versus primary tumor-first approach
did not affect CSS (P ¼ 0.467). In contrast, patients developing major
complications (Clavien-Dindo�3b) were associated with significantly
lower median CSS as compared to patients without major complica-
tions, 31 (26–35) versus 45 (39–51) months, P¼ 0.006) (Supplemen-
tary Fig. 1, http://links.lww.com/SLA/C447). When an early period
(2008–2014) was compared with a later period (2015–2019), we found
a significant shift to more less-invasive stage 1 procedures and liver-first
approaches as well as less postoperative complications (Supplementary
Tables 1 and 2, http://links.lww.com/SLA/C447).

What Was the Impact of Traditional and Biological
Tumor Characteristics?

Univariate and Kaplan-Meier survival analysis demonstrated

that age greater 67 years, right colon localization of primary tumor,

Data Completion Value

100% 60 (51–67)
100% 184 (36)
94% 25 (23–28)

97%
107 (36)
206 (41)

7 (1)
177 (36)

90% 9 (2)/46 (10)/298 (65)/106 (23)
90% 106 (23)/184 (40)/169 (37)

89% 40 (9)
98%

369 (74)
131 (26)

98% 403 (81)
87% 6 (4–10)
92% 45 (30–70)
98% 109 (22)
83%

162 (38)
263 (62)

61% 53 (12–208)
56% 10 (3–35)

98% 457 (92)
93% 317 (67)
88%

139 (31)
310 (69)

63%
40 (13)
83 (26)
97 (30)
88 (28)
11 (3)

d as median (inter-quartile range). Categorical variables presented as count and percent

my; BMI, body mass index; CEA, carcinoembryonic antigen; CRLM, colorectal liver
rade.
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FIGURE 1. Short- and long-term survival out-
comes after ALPPS for the entire cohort. Kaplan-
Meier plots for CSS, OS, and RFS. Median CSS, OS,
and RFS were 42, 37, and 11 months. Three- and
5-year CSS, OS, and RFS were 59%, 52%, and
19% and 33%, 27%, and 12%. CSS indicates
cancer-specific survival; OS, overall survival; RFS,
recurrence-free survival.

Petrowsky et al Annals of Surgery � Volume XX, Number XX, Month 2020
T4 stage, presence of positive lymph nodes (N1/2), more than 7 liver
lesions, and K/N-RAS mutation were associated with reduced CSS.
The greatest survival difference was observed for the K/N-RAS status
where median and 5-year CSS was 49 months and 41% for wild-type
versus 34 months and 11% for mutated tumors (Fig. 2F). The impact
of K/N-RAS mutation on survival after ALPPS was documented for
both right- and left-sided primary tumors but was more pronounced
in patients with right-sided tumors (Supplementary Fig. 2, http://
links.lww.com/SLA/C447).

How did Response to Chemotherapy Correlate
With Cancer-specific Survival?

Response to chemotherapy was assessed by three different ele-
ments of serum tumor marker (CEA), morphological (RECIST), and
pathological (tumor regression grade) response. Data on RECIST were
available in 449 patients, tumor regression grade in 320, and CEA levels
in 310. CSS was significantly superior for patients who responded to
neoadjuvant chemotherapy for all 3 tumor response elements (Fig. 2G–
I). For instance, median CSS for patients with RECIST complete or
partial response was 51 months (95%CI 41–61) compared to 30 months
(95%CI 21–35) in patients with stable or progressive disease. Patients
who responded by morphological or pathological criteria had signifi-
cantly greater drops in serum CEA levels after neoadjuvant chemother-
apy (Supplementary Fig. 3, http://links.lww.com/SLA/C447).

Which Independent Risk Factors Were Associated
With Cancer-specific Survival?

Only variables presenting preoperative information were

included in the multivariate analysis. Finally, 9 variables, which

4 | www.annalsofsurgery.com
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proved to be significant at P� 0.1 in the univariate analysis, were
included in the Cox regression analysis. Poor response to chemo-
therapy defined by RECIST (adjusted Hazard ratio [aHR] 2.30),
presence of K/N-RAS mutation (aHR 1.68), localization of primary
tumor in the right colon (aHR 1.55), and T4 stage (aHR 1.51)
independently predicted reduced CSS (Fig. 2J).

How Was Hepatic Recurrence Managed After
ALPPS?

At time of last follow-up, 71% of patients (n¼ 343) experienced
recurrent disease while 29% (n¼ 140) did not, and approximately 80%
of patients experienced recurrent disease within the first 3 years after
ALPPS (Fig. 1). Recurrent metastatic disease was most frequently
localized in the liver (60%) followed by lungs (43%), peritoneum
(19%), and other organs (6%) (Fig. 3A). Median CSS was significantly
better for patients with recurrent liver disease, who were complemen-
tary treated by surgery and/or ablation compared to those treated by
chemotherapy only (56 vs 30 months) (Fig. 3B). The group with
complementary surgery and/or ablation were younger and had a lower
proportion of right primary tumor localization and K/N-RAS mutations.

DISCUSSION

This large cohort study fills the gap of missing oncological long-
term outcome data in patients undergoing ALPPS for extensive CRLM.
The study results demonstrate that favorable tumor characteristics
including tumor biology and disease control by chemotherapy were
the most important elements to secure excellent long-term survival. Of
note, unfavorable response to chemotherapy was associated with

the highest risk of poor prognosis among all independent risk factors.

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Surgery and Outcome Characteristics

Variable Number of Patients Data Completion Value

ALPPS procedure 501 98%
Classic ALPPS, n (%) 331 (66)
Less invasive ALPPS, n (%) 170 (34)
Rescue ALPPS, n (%) 323 63% 25 (8)
sFLR stage 1 265 52% 0.20 (0.15–0.26)
sFLR stage 2 300 59% 0.33 (0.20–0.46)
sFLR increase (%) 272 53% 64 (12–109)
Cleaning of FLR at stage 1, n (%) 319 63% 204 (64)
Concomitant colorectal resection stage 1, n (%) 313 61% 204 (64)
Interstage interval, days 468 92% 13 (9–21)
Stage 2 performed, n (%) 510 100% 492 (96)
R0 Resection at stage 2, n (%) 302 59% 220 (73)

Mortality and complications
90-day mortality, n (%) 510 100% 25 (5)
Any complication stage 1, n (%) 302 59% 166 (55)
Any complication stage 2, n (%) 300 59% 192 (64)
Complications �3b stage 1, n (%) 501 98% 37 (7)
Complications �3b stage 2, n (%) 485 95% 100 (21)

Recurrence
Recurrence, n (%) 483 95% 343 (71)
Liver recurrence, n (%) 442 87% 267 (60)
Extrahepatic recurrence, (%) 426 84% 255 (60)

Lung, n (%) 184 (43)
Peritoneum, n (%) 82 (19)
Bone, n (%) 13 (3)
Nervous system, n (%) 12 (3)
Local (CRC), n (%) 7 (2)
Adrenal gland, n (%) 6 (1)
Other, n (%) 54 (13)

Treatment of recurrence
Chemotherapy, n (%) 348 68% 253 (73)
Surgery, n (%) 337 66% 70 (21)
Ablation, n (%) 322 63% 46 (14)
Other�, n (%) 289 57% 20 (7)

�Refers to liver transplantation, radiation, TACE and SIRT. Continuous variables presented as median (inter-quartile range). Categorical variables presented as count and percent (%).
ALPPS indicates associating liver partition and portal vein ligation for staged hepatectomy; CRC, colorectal cancer; sFLR, standardized future liver remnant; SIRT, selective

internal radiation therapy; TACE, transarterial chemoembolization.

Annals of Surgery � Volume XX, Number XX, Month 2020 ALPPS in CRLM
Patients with unresectable CRLM, who are candidates for two-
stagey hepatectomy, either by ALPPS or conventional TSH, need to be
embedded in an oncological treatment strategy.15 This strategy
requires taking into account the syn- and metachronous timing of
CRLM as well as the extent of hepatic and extrahepatic disease.
Regardless of the recommended individual treatment sequence,16

all ALPPS candidates nowadays should undergo neoadjuvant chemo-
therapy to study the natural behavior of the disease and, more
importantly, control the disease before surgery. In our study, almost
every patient received upfront chemotherapy before ALPPS, which is
also in line with the same neoadjuvant strategy reported for patients
with CRLM in the setting of conventional TSH.3,17,18

The hallmark finding of the study was that response to neo-
adjuvant chemotherapy was the strongest independent predictor of
short- and long-term oncological outcome among all analyzed risk
factors. We have demonstrated that favorable tumor marker (CEA),
morphological (RECIST) as well pathological response (tumor
regression grade) to chemotherapy translated in significantly
improved survival after ALPPS, which has been also reported for
other types of liver surgery in CRLM.19–21 The advantage of the
variable ‘‘tumor response to chemotherapy’’ relates to its dynamic
character unlike static variables such as K/N-RAS mutation status or
localization of the primary colon tumor. Although all 3 response
parameters were significantly associated with CSS in our univariate

survival analysis, we included only morphological response in the

� 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2020 Wolters Kluwer Health, Inc. Un
multivariate analysis due to the potential confounding nature among
the variables.

Another central finding of the study highlights the importance
of tumor biology, which is presented by 3 independent risk factors of
reduced survival after ALPPS including T4 stage, right-sided locali-
zation of the primary colon tumor, and K/N-RAS mutation. Espe-
cially, the tumor intrinsic factor K/N-RAS had the strongest impact on
oncological outcome among all static tumor variables. The negative
prognostic impact of K/N-RAS mutations on survival in our series
parallels observations repeatedly reported for one-stage resec-
tions,22–24 conventional TSH,25 and ALPPS.26 Of note, K/N-RAS
mutated tumors represent the largest proportion among the 7 colo-
rectal cancer molecular subtypes.27

Oncological behavior of colorectal cancer has been linked to the
anatomical localization of the primary tumor.28 In general, right-sided
tumors have a more aggressive behavior and differ in molecular
characteristics compared to left-sided tumors.27 Despite the therapeutic
regimens being different between primary left colonic and rectal
cancers, both entities were grouped into a left-sided category according
to previous studies.29,30 Numerous studies confirmed that right-sided
colon tumors are associated with worse prognosis after hepatic meta-
stasectomy.23,29,30 This prognostic relationship has been observed in the
present ALPPS cohort as well, where right-sided primary tumors were
associated with a worse prognosis after ALPPS. In addition, the

study found that the impact of K/N-RAS mutations is even worse in
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FIGURE 2. Preoperative factors associated with CSS in uni and multivariate analysis. Panels A–I illustrate Kaplan-Meier CCS plots for (A)
age (�67 vs>67 years), (B) timing of liver metastases (syn vs metachronous), (C) localization of primary tumor (right vs left colon), (D) T
stage (T1/2/3 vs T4), (E) lymph node metastasis (N0 vs N1/2), (F) K/N-RAS status (wild-type vs mutation), response to neoadjuvant
chemotherapy using (G) serum CEA levels before and after neoadjuvant chemotherapy (drop in CEA �75% vs <75%), (H) Response
Evaluation Criteria in Solid Tumors (good vs poor) and (I) tumor regression grade (1/2/3 vs 3/5). Survival groups were compared using the
log-rank (Mantel Cox) test. Panel J presents the multivariate Cox regression analysis for CSS with 323 patients. Adjusted Hazard ratio plots
are presented with the 95% confidence interval for significant and nonsignificant risk factors. RECIST good is defined as complete or partial
response while RECIST poor as stable or progressive disease. CEA indicates carcinoembryonic antigen; CSS, cancer-specific survival.
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FIGURE 3. (A) Pattern und distribution of metastatic recurrence after associating liver partition and portal vein ligation for staged
hepatectomy. (B) Cancer-specific survival of patients with recurrent metastatic disease managed by chemotherapy only or
complementary by surgery and/or ablation. The group with complementary surgery and/or ablation were younger and had a
lower frequency of right-sided primary colon tumors and K/N-RAS mutations compared to the group managed by chemotherapy
only for recurrent disease.

Annals of Surgery � Volume XX, Number XX, Month 2020 ALPPS in CRLM
right- compared to left-sided tumors. However, the importance of K/N-
RAS and primary tumor localization does not only apply to the prognosis
after ALPPS but also to the individualized chemotherapy regimen.27

The set of identified independent risk factors not only under-
lines the importance of tumor biology and response to chemotherapy
but also highlights the personalized character of oncological prog-
nosis after ALPPS. These risk factors might help to guide appropriate
selection of patients with unresectable CRLM, who are considered
for ALPPS. In other words, patients who progress under neoadjuvant
chemotherapy and harbor an additional K/N-RAS mutation should
not be considered for ALPPS.

Surprisingly, traditional factors such as size of liver metastases,
bilobar disease, or even concomitant lung metastases before ALPPS
had no significant impact on oncological outcome after ALPPS.
Furthermore, technical aspects of ALPPS and whether ALPPS was
used in a liver-first approach did not affect CSS. The equal oncological
outcome of liver- and primary-first approach in our study has been also
reported by other studies in a non-ALPPS setting.31,32 However, the
occurrence of severe postoperative complications after ALPPS
resulted in inferior long-term survival. This fact underlines the impor-
tance of an uneventful postoperative course for favorable oncological
outcome. Although not assessed in the present study, postoperative
complications might delay or even prevent the start of adjuvant or
additive chemotherapy after ALPPS. This assumption is supported by a
previous study where a short chemotherapy-free interval of less than or
equal 10 weeks was associated with superior survival after ALPPS.33

lthough histological margin status is considered as oncologic
standard assessment after resection of CRLM, there is growing
literature challenging the prognostic significance of R0/1 resection
in the modern era of multimodal liver tumor treatment.34–36 Fur-
thermore, ‘‘disappearing’’ or ‘‘ablated’’ lesions are not amenable to
histological margin assessment. Considering that a significant pro-
portion of ALPPS patients underwent additional ablation procedures

or might have disappearing lesions after effective response to

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
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chemotherapy, histological margin assessment is not applicable to
these case scenarios. For all of these reasons, we did not include
margin status in our analytical statistics.

Another important finding of the study was that hepatic recur-
rence after ALPPS was a frequent event especially during the first
2 years after liver surgery. The hepatic recurrence rate of 60% in the
present study compares to analogous figures reported for previous
ALPPS37 and conventional TSH series.17 Despite the observed high
recurrence rate, many patients achieved remarkable long-term survival
especially those in whom treatment of hepatic recurrence included
repeat liver surgery and/or ablation (Fig. 3B). The benefit of repeat
liver surgery has been repeatedly demonstrated for recurrent CRLM
after initial one- and two-stage hepatectomy.38–41 In our study, repeat
liver surgery and/or ablation for recurrent CRLM after ALPPS was
associated with superior survival compared to those without interven-
tion and treated by chemotherapy. However, this observation needs to
be interpreted with caution since patients with recurrent disease
amenable for local treatment (resection and/or ablation) might present
a selected group compared to those with diffuse tumor spread who can
undergo chemotherapy only. The fact that the local treatment group
had a more favorable tumor biology with fewer K/N-RAS mutations
and right-sided colon tumors suggest the assumption of a selection
effect. We would contend, however, that patients with hepatic recur-
rence after ALPPS responding to chemotherapy should be always
evaluated for repeat liver resection or ablation.

The strength of this study relates to the large multicenter study
population of more than 500 ALPPS patients with actual follow-up of
all participating centers. In addition, the long median follow-up time
of more than 3 years facilitated to draw meaningful long-term
oncological conclusions for this special cohort. The complementary
collection of tumor-related variables beyond those captured in the
registry such as K/N-RAS status and the presence of concomitant lung
metastases further increased the quality of the oncological outcome

analysis. The study was also associated with limitations, which were
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mainly related to the retrospective study design and incomplete data
for certain variables. Missing data were either not identified in the
medical records or literally not available in case of not performed
tests such as serum CEA measurements or K/N-RAS analysis.

In conclusion, this large cohort provides the first and con-
vincing evidence that patients with primarily unresectable CRLM
treated by ALPPS have not only low perioperative mortality, but
achieve appealing long-term oncologic outcome especially those
with favorable tumor biology and good response to chemotherapy.
This data should have a key impact in offering ALPPS to this
population of patients.

ACKNOWLEDGMENTS
The authors thank Carol De Simio for creating the illustration

of Figure 3A for this manuscript.

REFERENCES
1. Hess KR, Varadhachary GR, Taylor SH, et al. Metastatic patterns in adeno-

carcinoma. Cancer. 2006;106:1624–1633.

2. Clavien PA, Petrowsky H, DeOliveira ML, et al. Strategies for safer liver
surgery and partial liver transplantation. N Engl J Med. 2007;356:1545–1559.

3. Mizuno T, Cloyd JM, Omichi K, et al. Two-stage hepatectomy vs one-stage
major hepatectomy with contralateral resection or ablation for advanced
bilobar colorectal liver metastases. J Am Coll Surg. 2018;226:825–834.

4. Linecker M, Kuemmerli C, Clavien PA, et al. Dealing with insufficient liver
remnant: associating liver partition and portal vein ligation for staged hepa-
tectomy. J Surg Oncol. 2019;119:604–612.

5. Schnitzbauer AA, Lang SA, Goessmann H, et al. Right portal vein ligation
combined with in situ splitting induces rapid left lateral liver lobe hypertrophy
enabling 2-staged extended right hepatic resection in small-for-size settings.
Ann Surg. 2012;255:405–414.

6. Schadde E, Ardiles V, Robles-Campos R, et al. Early survival and safety of
ALPPS: first report of the International ALPPS registry. Ann Surg.
2014;260:829–836. discussion 836-838.

7. Linecker M, Bjornsson B, Stavrou GA, et al. Risk adjustment in ALPPS is
associated with a dramatic decrease in early mortality and morbidity. Ann
Surg. 2017;266:779–786.

8. Sandstrom P, Rosok BI, Sparrelid E, et al. ALPPS improves resectability
compared with conventional two-stage hepatectomy in patients with advanced
colorectal liver metastasis: results from a scandinavian multicenter random-
ized controlled trial (LIGRO Trial). Ann Surg. 2018;267:833–840.

9. Hasselgren K, Rosok BI, Larsen PN, et al. ALPPS improves survival com-
pared with TSH in patients affected of CRLM: survival analysis from the
randomized controlled trial LIGRO. Ann Surg. 2019. 10.1097/
SLA0000000000003701), online ahead of print.

10. Truant S, Scatton O, Dokmak S, et al. Associating liver partition and portal
vein ligation for staged hepatectomy (ALPPS): impact of the inter-stages
course on morbi-mortality and implications for management. Eur J Surg
Oncol. 2015;41:674–682.

11. Gasser E, Braunwarth E, Riedmann M, et al. Primary tumour location affects
survival after resection of colorectal liver metastases: a two-institutional
cohort study with international validation, systematic meta-analysis and a
clinical risk score. PLoS One. 2019;14:e0217411.

12. Yang JF, Noffsinger AE, Agrawal D, et al. Colorectal cancer anatomic
distribution patterns remain the same after sessile serrated adenoma/polyp
considered cancer precursor: a 9-year comparison study from community-
based endoscopy centers. J Gastrointest Oncol. 2016;7:917–923.

13. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to evaluate the
response to treatment in solid tumors. European Organization for Research
and Treatment of Cancer, National Cancer Institute of the United States,
National Cancer Institute of Canada. J Natl Cancer Inst. 2000;92:205–216.

14. Rubbia-Brandt L, Giostra E, Brezault C, et al. Importance of histological
tumor response assessment in predicting the outcome in patients with colo-
rectal liver metastases treated with neo-adjuvant chemotherapy followed by
liver surgery. Ann Oncol. 2007;18:299–304.

15. Raptis DA, Linecker M, Kambakamba P, et al. Defining benchmark outcomes
for ALPPS. Ann Surg. 2019;270:835–841.

16. Krell RW, D’Angelica MI. Treatment sequencing for simultaneous colorectal
liver metastases. J Surg Oncol. 2019;119:583–593.

17. Brouquet A, Abdalla EK, Kopetz S, et al. High survival rate after two-stage
resection of advanced colorectal liver metastases: response-based selection

and complete resection define outcome. J Clin Oncol. 2011;29:1083–1090.

8 | www.annalsofsurgery.com

Copyright © 2020 Wolters Kluwer Health, Inc. UnView publication statsView publication stats
18. Turrini O, Ewald J, Viret F, et al. Two-stage hepatectomy: who will not jump
over the second hurdle? Eur J Surg Oncol. 2012;38:266–273.

19. Quenet F, Pissas MH, Gil H, et al. Two-stage hepatectomy for colorectal liver
metastases: Pathologic response to preoperative chemotherapy is associated with
second-stage completion and longer survival. Surgery. 2019;165:703–711.

20. Zimmitti G, Panettieri E, Ardito F, et al. Type of response to conversion
chemotherapy strongly impacts survival after hepatectomy for initially unre-
sectable colorectal liver metastases. ANZ J Surg. 2020;20:558–563.

21. Berardi G, De Man M, Laurent S, et al. Radiologic and pathologic response to
neoadjuvant chemotherapy predicts survival in patients undergoing the liver-
first approach for synchronous colorectal liver metastases. Eur J Surg Oncol.
2018;44:1069–1077.

22. Amikura K, Akagi K, Ogura T, et al. The RAS mutation status predicts survival in
patients undergoing hepatic resection for colorectal liver metastases: The results
from a genetic analysis of all-RAS. J Surg Oncol. 2018;117:745–755.

23. Goffredo P, Utria AF, Beck AC, et al. The prognostic impact of KRAS
mutation in patients having curative resection of synchronous colorectal liver
metastases. J Gastrointest Surg. 2019;23:1957–1963.

24. Lang H, Baumgart J, Heinrich S, et al. Extended molecular profiling improves
stratification and prediction of survival after resection of colorectal liver
metastases. Ann Surg. 2019;270:799–805.

25. Passot G, Chun YS, Kopetz SE, et al. Predictors of safety and efficacy of 2-
stage hepatectomy for bilateral colorectal liver metastases. J Am Coll Surg.
2016;223:99–108.

26. Serenari M, Alvarez FA, Ardiles V, et al. The ALPPS approach for colorectal
liver metastases: impact of KRAS mutation status in survival. Dig Surg.
2018;35:303–310.

27. Petrowsky H, Fritsch R, Guckenberger M, et al. Modern therapeutic
approaches for treatment of malignant liver tumours. Nat Rev Gastroenetol
Hepatol. 2020. doi: 10.1038/s41575-020-0314-8, online ahead of print.

28. Baran B, Mert Ozupek N, Yerli Tetik N, et al. Difference between left-sided
and right-sided colorectal cancer: a focused review of Literature. Gastroen-
terology Res. 2018;11:264–273.

29. Elizabeth McCracken EK, Samsa GP, Fisher DA, et al. Prognostic significance
of primary tumor sidedness in patients undergoing liver resection for meta-
static colorectal cancer. HPB (Oxford). 2019;21:1667–1675.

30. Dupre A, Malik HZ, Jones RP, et al. Influence of the primary tumour location
in patients undergoing surgery for colorectal liver metastases. Eur J Surg
Oncol. 2018;44:80–86.

31. Esposito F, Lim C, Sa Cunha A, et al. Primary tumor versus liver-first approach
for synchronous colorectal liver metastases: an association francaise de
chirurgie (AFC) multicenter-based study with propensity score analysis.
World J Surg. 2018;42:4046–4053.

32. Ghiasloo M, Kahya H, Van Langenhove S, et al. Effect of treatment sequence
on survival in stage IV rectal cancer with synchronous and potentially
resectable liver metastases. J Surg Oncol. 2019;120:415–422.

33. Kambakamba P, Linecker M, Alvarez FA, et al. Short chemotherapy-free
interval improves oncological outcome in patients undergoing two-stage hepa-
tectomy for colorectal liver metastases. Ann Surg Oncol. 2016;23:3915–3923.

34. de Haas RJ, Wicherts DA, Flores E, et al. R1 resection by necessity for
colorectal liver metastases: is it still a contraindication to surgery? Ann Surg.
2008;248:626–637.

35. Truant S, Sequier C, Leteurtre E, et al. Tumour biology of colorectal
liver metastasis is a more important factor in survival than surgical margin
clearance in the era of modern chemotherapy regimens. HPB (Oxford). 2015;17:
176–184.

36. D’Angelica MI. Positive margins after resection of metastatic colorectal
cancer in the liver: back to the drawing board? Ann Surg Oncol. 2017;24:
2432–2433.

37. Wanis KN, Ardiles V, Alvarez FA, et al. Intermediate-term survival and quality
of life outcomes in patients with advanced colorectal liver metastases under-
going associating liver partition and portal vein ligation for staged hepatec-
tomy. Surgery. 2018;163:691–697.

38. Petrowsky H, Gonen M, Jarnagin W, et al. Second liver resections are safe and
effective treatment for recurrent hepatic metastases from colorectal cancer: a
bi-institutional analysis. Ann Surg. 2002;235:863–871.

39. Battula N, Tsapralis D, Mayer D, et al. Repeat liver resection for recurrent
colorectal metastases: a single-centre, 13-year experience. HPB (Oxford).
2014;16:157–163.

40. Wicherts DA, de Haas RJ, Salloum C, et al. Repeat hepatectomy for recurrent
colorectal metastases. Br J Surg. 2013;100:808–818.

41. Lillemoe HA, Kawaguchi Y, Passot G, et al. Surgical resection for recurrence
after two-stage hepatectomy for colorectal liver metastases is feasible, is safe,
and improves survival. J Gastrointest Surg. 2019;23:84–92.
� 2020 Wolters Kluwer Health, Inc. All rights reserved.

authorized reproduction of this article is prohibited.

https://www.researchgate.net/publication/343828586

	Outline placeholder
	Section1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




