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A B S T R A C T

Purpose

Prolonged survival after two-stage resection (TSR) of advanced colorectal liver metastases (CLM)
may be the result of selection of best responders to chemotherapy. The impact of complete
resection in this well-selected group is controversial.

Patients and Methods
Data on 890 patients undergoing resection and 879 patients who received only chemotherapy for

CLM were collected prospectively. We used intent-to-treat analysis to evaluate the survival of
patients who underwent TSR. Additionally, we evaluated a cohort of nonsurgically treated patients
selected to mirror the TSR population: colorectal metastases with liver-only disease, objective
response to chemotherapy, and alive 1 year after chemotherapy initiation.

Results

Sixty-five patients underwent the first stage of TSR; 62 patients fulfilled the inclusion criteria for
the medical group. TSR patients had a mean of 6.7 = 3.4 CLM with mean size of 4.5 = 3.1 cm.
Nonsurgical patients had a mean of 5.9 = 2.9 CLM with mean size of 5.4 = 3.4 cm (not significant).
Forty-seven TSR patients (72%) completed the second stage. Progression between stages was
the main cause of noncompletion of the second stage (61%). After 50 months median follow-up,
the 5-year survival rate was 51% in the TSR group and 15% in the medical group (P = .005). In
patients who underwent TSR, noncompletion of TSR and major postoperative complications were

independently associated with worse survival.

Conclusion

TSR is associated with excellent outcome in patients with advanced CLM as a result of both
selection by chemotherapy and complete resection of metastatic disease.

J Clin Oncol 29:1083-1090. © 2011 by American Society of Clinical Oncology

Surgical resection is associated with long-term sur-
vival in patients with colorectal liver metastases
(CLM)."* The majority of patients with CLM pres-
ent with advanced metastases at the time of diagno-
sis and therefore receive systemic chemotherapy.®*
In patients with advanced CLM who have a suffi-
cient response to chemotherapy, an aggressive sur-
gical approach including two-stage resection (TSR)
has been proposed to improve outcome.” Although
TSR has been associated with prolonged survival in
noncomparative surgical series,”® whether the sur-
vival benefit of this strategy results from complete
resection of metastatic disease or selection for resec-
tion of the best responders to chemotherapy is con-
troversial. In other words, is surgery really helpful in
patients with advanced CLM who respond to chem-

otherapy? What makes this question especially rele-
vant is that the TSR strategy has been introduced
during the same period as new, more effective cyto-
toxic agents (oxaliplatin and irinotecan) and mono-
clonal antibodies targeting the vascular endothelial
growth factor (bevacizumab) and the epidermal
growth factor receptor (cetuximab and panitu-
mumab).”!? To date, the reported median overall
survival of patients with advanced colorectal cancer
who respond to these regimens has been as much as
31 months."”” A randomized trial comparing TSR
and continuation of chemotherapy in patients with
advanced bilateral CLM that respond to systemic
therapy may be impractical. We therefore con-
ducted this retrospective study to compare out-
comes of patients undergoing at least the first stage
of TSR with those of selected nonsurgically treated
patients responding to modern chemotherapy.
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Patient Population

From June 2002 to February 2010, data were prospectively collected on
890 consecutive patients who underwent surgical resection of CLM at one
institution and 879 consecutive patients with advanced colorectal cancer
treated with systemic chemotherapy only at the same institution.

For this study, for the surgically treated group, we selected all patients
who underwent at least the first stage of planned TSR of advanced bilateral
CLM. For the nonsurgically treated group, we selected patients who were
similar to the surgically treated patients in terms of performance status, ab-
sence of extrahepatic metastases, extent of hepatic metastases on pretreatment
imaging, and objective response to chemotherapy. In other words, we tried to
ensure similarity of the surgically treated and nonsurgically treated patient
groups. A similar selection process has previously been used to compare
surgical and medical populations when a prospective controlled trial is not
possible.>'* For the medical population, we selected patients treated with
chemotherapy only who were alive at 1 year and who met the following
inclusion criteria: age younger than 70 years, Eastern Cooperative Oncology
Group performance status 0 to 2, liver-only metastases excluding patients with
innumerable CLM, objective response to first-line chemotherapy consisting of
irinotecan or oxaliplatin with or without bevacizumab or cetuximab, no evi-
dence of bowel obstruction, and alive 1 year after chemotherapy initiation.
Pre- and post-treatment archived imaging of the patients was systematically
reviewed to ensure that they were potential candidates for TSR (J.N.V.,, E.K.A.,
and A.B.). The study was approved by the institutional review board of The
University of Texas MD Anderson Cancer Center.

Systemic Chemotherapy

At the MD Anderson Cancer Center, patients with advanced CLM initially
unsuitable for resection are seen by a surgeon before initiation of chemotherapy
to determine whether the patient may be a surgical candidate with a chemo-
sensitive tumor (one with a radiographic response to chemotherapy). In pa-
tients with advanced CLM who are identified before chemotherapy as being
potential candidates for surgery, resection is considered only if it can be completed
in stable disease (no change in size) or downsized CLM (decrease in size).'> In all
patients receiving first-line chemotherapy, tumor response was assessed every
three to four cycles by using the Response Evaluation Criteria in Solid Tumors
(RECIST) criteria and classified as complete response, partial response, stable
disease, or progressive disease'®; beginning in 2009, tumor response was also
evaluated according to morphologic criteria (none, incomplete, optimal)."?

Two-Stage Liver Resection

TSR was proposed to patients with advanced bilateral CLM who re-
sponded to chemotherapy and in whom limited resection could clear the less
affected side of the liver before the patient underwent a planned extended
contralateral liver resection (Fig 1). TSR requires an area of the liver to be
relatively spared by disease because the surgeon must be able to resect all CLM
while preserving a sufficient future liver remnant (20% of total liver volume)
and adequate vascular inflow and outflow.'” In the majority of patients who
were candidates for and opted for TSR, the program included limited resection
of CLM located in the left liver followed by right portal vein embolization 1 to
2 weeks later and then an extended right hepatectomy. Portal ligation was not
used because most patients needed extended right hepatectomy and this type
of resection requires embolization of segment IV branches which cannot be
achieved by ligation.'®'? Interval chemotherapy was not used routinely to
avoid the risk associated with extended chemotherapy.?**? In patients who
developed disease progression or recurrence after the first stage of liver resec-
tion, usually the second stage was postponed, systemic chemotherapy was
restarted, and response was reevaluated after three or four cycles of interval
chemotherapy to determine whether the second stage could eventually be
performed. Postoperative 30-day and 90-day morbidity and mortality were
recorded prospectively, and postoperative complications were classified ac-
cording to their severity.”> Pathologic response was assessed as previously
described.* Briefly, complete pathologic response was defined as 0% viable
tumor cells in residual tumor, major pathologic response 1% to 49%, and
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minor pathologic response = 50%.* After surgery, chemotherapy was usually
reintroduced to complete a total of 12 cycles, including both preoperative and
postoperative chemotherapy. Patients were reassessed every 4 months after
completion of the second stage of liver resection, and further treatment was
decided according to the findings at reassessment.

Statistical Analysis

Quantitative and qualitative variables were expressed as mean * stan-
dard deviation, median and range, and frequency. Overall and disease-free
survival were calculated by using the Kaplan-Meier method and compared by
using the log-rank test. Overall survival was calculated from the beginning of
chemotherapy in both surgically treated and medically treated patients. Anal-
ysis of survival in surgical patients was done on an intent-to-treat basis and
included patients who died after surgery and patients who underwent only the
first stage of liver resection. For the detection of factors associated with survival
in patients with advanced bilateral CLM undergoing at least the first stage of
TSR, univariate and multivariate analyses were used to examine the relation-
ship between overall survival and the following variables: type of primary
tumor (rectum v colon), regional node metastases (v no metastasis), carcino-
embryonic antigen plasma level, synchronous (v metachronous) CLM, num-
ber of CLM (up to 7 v> 7 CLM) as previously reported,” maximum CLM size
(< 5cmv=5cm), duration of preoperative chemotherapy (> 3 months v =
3 months), type of chemotherapy, cumulative postoperative morbidity, and
noncompletion (v completion) of TSR.

Clinicopathologic Features of Patients With Advanced
Bilateral CLM Who Underwent at Least the First
Stage of TSR

Clinicopathologic characteristics of the 65 patients with ad-
vanced bilateral CLM who underwent at least the first stage of TSR
are summarized in Table 1. Most of the patients (52 of 65; 80%) had
synchronous CLM. All patients received an oxaliplatin- or irinotecan-
containing preoperative chemotherapy regimen, and the median
number of chemotherapy cycles before first-stage liver resection was
six (range, two to 26 cycles). Only 23 patients (35%) received more
than six preoperative chemotherapy cycles.

Feasibility of Two-Stage Strategy

Intraoperative characteristics and postoperative outcomes of the
65 patients who underwent at least the first stage of TSR are summa-
rized in Table 2. No patient died within 90 days after the first stage
hepatectomy. Two patients (3%) developed major postoperative
complications: one required re-operation for severe wound infection
after rectal resection performed at the same time as the first stage, and
one patient developed severe postoperative renal insufficiency. Nine-
teen patients (29%) had resection of the primary tumor combined
with the first-stage hepatectomy. The postoperative complication rate
was significantly increased in patients undergoing resection of the
primary tumor combined with the first stage of liver resection (eight of
19 [429%] v eight of 46 [17%]; P = .03). Histopathologic examination
of CLM resected at the first stage indicated that 52 patients (80%) had
a major response to chemotherapy.

Among the 65 patients who underwent the first-stage hepatec-
tomy, 47 patients (72%) underwent the second-stage hepatectomy, a
mean of 8 = 4 weeks after the first stage. Intraoperative characteristics
and postoperative outcomes of these 47 patients are summarized in
Table 2. Of these 47 patients, nine (19%) developed progression of
CLM between the first and second stages and were restarted on chem-
otherapy before completion of the second stage. In these patients, the
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Fig 1. Advanced bilateral colorectal liver
metastases at diagnosis (A), after preop-
erative chemotherapy with infusional fluo-
rouracil, leucovorin, and oxaliplatin plus
bevacizumab for five cycles (B), after the
first-stage hepatectomy (C), after right
portal vein embolization extended to seg-
ment IV (D), and after the second stage
hepatectomy (E). White arrows indicate
surgical defect after the first-stage hepa-
tectomy; black arrowheads indicate the
coils after right portal vein embolization
extended to segment IV.

© 2011 by American Society of Clinical Oncology 1085



Brouquet et al

Table 1. Clinicopathologic Features of 65 Patients WWho Underwent at Least the First Stage of Two-Stage Resection and 62 Patients Treated by
Chemotherapy Only

Feature

Strategy (n = 65)

Two-Stage Resection Chemotherapy Only

(n = 62)

No. % No. % P

Age, years
Mean = SD
Median
Range
Sex
Male
Female
Rectal primary tumor
Node positive
Synchronous liver metastases
No. of lesions
Mean = SD
Median
Range
Tumor size, cm
Mean = SD
Median
Range
First-line chemotherapy regimen
Fluorouracil + oxaliplatin
Fluorouracil + irinotecan
Bevacizumab-containing regimen
Multiple lines of preoperative chemotherapy
No. of cycles of preoperative chemotherapy
Mean = SD
Median
Range
CEA plasma level, ng/mL (preoperative or after initial response)
Mean = SD
Median
Range
Radiologic response using RECIST
Partial or complete response
Stable disease
Portal vein embolization

N/S

2@
52

35-69

556+ 9
54

32-68

N/S
47
18
18
47
52

37
25
28 "
72 43
80 52

18
69
84

N/S
N/S
N/S
N/S
6.7 34 59+29
2-18 2-14

N/S
45 =*3.1 54 +34

1-15 117
46
19
48

41
21
38

66
34
61

N/S
N/S
N/S

N/S
397 + 2,232 256 + 1,254
6 13
1-17,000 1-9,740

28 62
37 0
45 70

< .001

Abbreviations: N/S, not significant; SD, standard deviation; CEA, carcinoembryonic antigen; RECIST, Response Evaluation Criteria in Solid Tumors.

mean time interval between stages was significantly longer than in
patients who did not receive interval chemotherapy (17 * 2 weeks v
8 * 3 weeks, respectively; P = .04). Thirty patients (64%) had com-
plete resection with negative margins at both stages. Postoperative
30-day mortality rate was 2%. Three patients (6% ) died within 90 days
after the second-stage hepatectomy from irreversible postoperative
liver failure. Of these three patients, one patient had future liver rem-
nant growth from 19% to 21% (hypertrophy < 5%), one patient was
expected to undergo a right hepatectomy but underwent an un-
planned extended right hepatectomy with a future liver remnant vol-
ume of 19% because of intraoperative findings of more advanced
disease, and the remaining patient had an adequate future liver rem-
nant volume but had significant intraoperative blood loss necessitat-
ing polytransfusion. Overall, major complications after first- or
second-stage resection occurred in 14 patients (22%).

Eighteen (33%) of the 65 patients who underwent the first stage
did not undergo the second stage. Of these 18 patients, 11 (61%) had
progression or recurrence, including disease progression of the CLM

1086 © 2011 by American Society of Clinical Oncology

to be resected (n = 7), recurrence in the future liver remnant (n = 3),
or progression of both CLM and extrahepatic metastases (n = 1).
Imaging reevaluation after initiation of interval chemotherapy
showed that complete resection could not be performed. In the other
seven patients (39%) who did not undergo the second-stage hepatec-
tomy, the second stage could not be performed for technical reasons,
including an inadequate increase in future liver remnant volume after
portal vein embolization (n = 3), an inadequate recovery after first-
stage hepatectomy (n = 2), and postoperative (n = 1) or postportal
vein embolization (n = 1) partial portal vein thrombosis.

Influence of the Two-Stage Strategy on Outcome
of Patients With Advanced Bilateral CLM Who
Responded to Chemotherapy

From June 2002 to February 2010, among 879 consecutive pa-
tients who received only chemotherapy for advanced colorectal can-
cer, 62 (7%) fulfilled this study’s inclusion criteria for comparison
with the patients who underwent at least the first stage of TSR (Fig 2).
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Table 2. Perioperative Characteristics in Patients Undergoing First-Stage
and Second-Stage Resection

Characteristic No. %

First-stage resection 65

Major liver resection (> three contiguous
liver segments) 2 8

Radiofrequency ablation
Associated resection of primary tumor 19 29
No. of lesions resected during first stage
Mean = SD
Median 1
Range 1-8
Largest diameter of tumors resected
during first stage in cm

N
w

Mean = SD 2+2

Median 1.4

Range 0.4-15
Estimated blood loss, mL

Mean = SD 215 =222

Median 150

Range 50-1,300
Transfusion 1 2
Postoperative 90-day deaths 0
Postoperative complications 16 25
Major postoperative complications 2 3
Length of hospital stay, days

Mean = SD 7+24

Median 6

Range 4-14
Positive margins 10 15

Second-stage resection 47

Major liver resection (> three contiguous

liver segments) 40 85
Extended liver resection (> four

contiguous liver segments) 32 68
Type of resection

Right hemihepatectomy 8

Left hemihepatectomy 1

Extended right hepatectomy 22

Extended left hepatectomy 10
Segmental resection 6
Estimated blood loss, mL

Mean = SD 500 + 350

Median 400

Range 50-1,950
Transfusion 6 13
Postoperative 90-day deaths 3 6.4
Complications 23 49
Major complications 12 26
Hepatic insufficiency™ 4 6
Fluid collection 13 27
Length of hospital stay in days

Mean = SD 8+6.6

Median 7

Range 4-50
Positive margins 10 21

Abbreviation: SD, standard deviation.
*“Postoperative hepatic insufficiency was defined as bilirubin peak > 7 mg/dL.2°

Clinicopathologic features of these 62 patients are summarized in
Table 1. These patients were not statistically different from patients
who underwent at least one stage of the TSR except for RECIST
response to systemic therapy with all patients in the chemotherapy-
only group having partial response (Table 1).

WwWW.jco.org

Treated with chemotherapy for advanced CRC
(N =879)

\

Extrahepatic
metastases

Liver-only metastases
(n =425, 47%)

Dead < 1 year
Follow-up < 1 year

\

Nonresponders
Responders alive > 12 months
(n =207, 23%)
Age > 70 ‘/
PS*>2

Eligible patients
(n =179, 20%)

\

Innumerable CLM

Nonsurgical cohort
(n=62,7%)

Fig 2. Selection of patients with advanced bilateral colorectal liver metastases
(CLM) treated with chemotherapy for inclusion in the nonsurgically treated
population for this study. CRC, colorectal cancer. (*) Performance status (PS)
according to the Eastern Cooperative Oncology Group scoring system.

After a median of 50 months follow-up, patients who underwent
at least the first stage of TSR had significantly improved survival
compared with patients who underwent only chemotherapy for ad-
vanced bilateral CLM (67% v 41% 3-year overall survival rate and
51% v 15% 5-year overall survival rate; P = .005; Fig 3A). The survival
advantage was prominent for patients who completed the second
stage of TSR (84% v 42% 3-year survival rate and 64% v 15% 5-year
survival rate, respectively; P < .001). In contrast, there was no survival
advantage for patients who underwent only the first stage (3-year
survival rate 13% for first stage only v 42% for chemotherapy only;
P = .12; Fig 3B). Twenty-nine of the 47 patients who underwent
complete TSR (62%) had developed recurrences by the time of last
follow-up. One-year, 3-year, and 5-year disease-free survival rates in
these patients were 39%, 20%, and 20%, respectively.

Factors Associated With Survival in Patients Who
Underwent at Least the First Stage of TSR

Results of univariate and multivariate analyses for predictors of
survival in patients with advanced bilateral CLM who underwent at
least the first stage of TSR are summarized in Table 3. Univariate
analysis showed that total number of CLM greater than seven and
noncompletion of the two-stage strategy were associated with shorter
survival. In multivariate analysis, the occurrence of major postopera-
tive complications after the first- or second-stage hepatectomy and
noncompletion of the two-stage strategy were independently associ-
ated with worse survival.

© 2011 by American Society of Clinical Oncology 1087
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Fig 3. Overall survival in patients with advanced bilateral colorectal liver
metastases (CLM) responding to chemotherapy enrolled in two-stage strategy
(intent-to-treat analysis including patients undergoing only the first stage of
two-stage hepatectomy) or receiving chemotherapy only (A) and stratified on the
basis of whether two-stage resection was completed (B).

This study indicates that complete TSR is associated with excellent
outcome in patients with advanced bilateral CLM who respond to
chemotherapy. Our findings demonstrate that the survival benefit
associated with this aggressive surgical approach is due not only to
selection by preoperative chemotherapy of patients with favorable
tumor biology but also to complete resection of metastatic disease.
Candidates for TSR are selected on the basis of the presenting extent
and location of bilateral CLM and the response to first-line chemo-
therapy. In the current study, all patients selected to undergo TSR had
an objective response to chemotherapy on imaging, and the great majority
of them (80%) also had a major pathologic response, which is recognized
as astrong predictor of survival.* We found that TSR was completed in 47
(72%) of the 65 patients in whom it was attempted. This result is consis-
tent with data from previously reported smaller series,>”**** in which
rates of completion of both stages ranged from 69% to 78%.

In this study, we observed a 64% 5-year overall survival rate in the
patients with advanced bilateral CLM who underwent complete TSR.
To the best of our knowledge, our series of 47 patients is the largest
series of patients with advanced bilateral CLM undergoing complete
TSR reported to date. The survival rate for this group in our study

1088 © 2011 by American Society of Clinical Oncology

compares favorably with previously reported rates, which range from
35% to 509%.>7**** Additionally, we observed a 5-year survival rate of
15% in patients with advanced bilateral CLM who received chemo-
therapy only. This is the highest survival rate reported in a nonsurgical
cohort of patients with CLM. Although the study population repre-
sents a highly selected sample of patients with advanced colorectal
cancer, it highlights the overall improvement of prognosis with the
introduction of new chemotherapy regimens used in this setting.>'*>'*
This improvement in survival rates after chemotherapy probably con-
tributes to the good outcomes reported in TSR series, including ours,
because TSR is offered only to responders to chemotherapy.®”**
However, our finding that patients who completed TSR had higher
survival rates than those in patients treated with chemotherapy only
shows that progress of chemotherapy and selection of good respond-
ers do not fully account for the survival benefit observed. In patients
who underwent resection of advanced CLM, complete resection of
metastatic disease also contributed to the observed survival benefit.
Thus, there was no benefit of attempted TSR if the strategy could not
be completed.

One of the limitations of TSR is the complexity of the approach,
which combines the difficulties associated with repeat hepatectomy
with the difficulties associated with surgery on a regenerative liver. We
report a 6% 90-day mortality rate and a 49% morbidity rate after the
second stage of hepatectomy. These results are consistent with previ-
ously reported mortality and morbidity rates after TSR, which range
from 0% to 9% and from 26% to 59%, respectively.®** The three
postoperative deaths in this series occurred as a consequence of liver
failure after second-stage extended right hepatectomy in patients who
underwent preoperative portal vein embolization. Two of the three
patient deaths occurred early in our experience in patients with either
an inadequate future liver remnant volume (intraoperative change in
treatment plan) or insufficient hypertrophy (<< 5%) after portal vein
embolization. These undesirable events reaffirm the importance of
preoperative assessment and standardized requirements for minimal
volume and hypertrophy cutoffs for extended liver resection and have
since been incorporated into revised guidelines for major hepatec-
tomy.?® The morbidity after the first stage of resection is low,” and the
first stage is generally not a threat to patients’ lives because major
complications are uncommon. However, maintaining a low compli-
cation rate after the first stage clearly must be a surgical priority since
cumulative major complication after first- or second-stage resection
was a strong predictor of survival. Major complications after the first
stage delay recovery, disrupt the treatment strategy, and eventually
compromise completion of the second stage. We also found that
combined resection of the primary tumor with the first stage of liver
resection was associated with an increased risk of complications. An
alternative in patients in whom the primary tumor is nonobstructive is
a reverse strategy in which the primary tumor is resected after com-
pletion of the two-stage strategy.*”*®

This study has some limitations. We retrospectively analyzed two
subsets of patients treated medically and surgically and we cannot
exclude more advanced disease in patients treated medically despite
well-defined selection criteria. However, a randomized controlled trial
in this setting is unlikely because of the small subset of patients who are
potential candidates for this approach (< 10% of patients with ad-
vanced colorectal cancer). Taken together, our findings cannot be
used to define surgery and chemotherapy as opposing treatments;
rather, our findings can be used to define the impact of a sequenced
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Table 3. Univariate and Multivariate Analyses of Factors Associated With Survival in 65 Patients Who Underwent at Least the First Stage of Two-Stage
Liver Resection
No. of 5-Year Univariate Multivariate
Factor Patients Survival (%) Analysis P Analysis P HR 95% ClI
Primary tumor §55)
Rectal 18 48
Colon 47 52
Node 4
Positive 47 42
Negative 12 65
Unknown 6 75
CLM 1 9
Synchronous 52 58
Metachronous 13 22
Total number of CLM .05 18
=7 41 65
>7 24 26
Size of CLM, cm 3
=5 45 58
>5 20 31
Preoperative chemotherapy regimen 3
Fluorouracil + irinotecan 19 59
Fluorouracil + oxaliplatin 46 48
Bevacizumab 9
No 17 50
Yes 48 53
Preoperative chemotherapy duration, months 1 7
=3 43 65
>3 22 15
CEA plasma level, ng/dL .3
= 200 5 0
> 200 60 54
No. of lesions resected during first stage 6
1 29 54
Multiple 36 46
Major postoperative complication after first or second resection A .04 3.1 1.1t09.2
Yes 14 55
No 51 33
Two-stage resection <.001 .001 7.2 2410224
Noncompletion 18 64
Completion 47 13
Abbreviations: HR, hazard ratio; CLM, colorectal liver metastases; CEA, carcinoembryonic antigen.

approach on a subset of patients with multiple bilateral CLM and
sufficient parenchymal sparing to a allow for a two-stage strategy.

In conclusion, this study showed that complete TSR is associated
with excellent outcome in patients with advanced bilateral CLM who
respond to chemotherapy. The survival benefit associated with this
aggressive surgical approach is due to (1) selection of patients with
favorable tumor biology by preoperative chemotherapy, (2) selection
of patients with adequate liver hypertrophy and good performance
status, and (3) complete resection of metastatic disease. To further
improve the survival rate in patients who complete TSR, efforts should
focus on improved patient selection to increase the rate of success and
to lower morbidity.
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