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Abstract

Background—After cancer surgery, complications and disability prevent some patients from 

receiving subsequent treatments. Given that an inability to complete all intended cancer therapies 

may negate the oncologic benefits of surgical therapy, strategies to improve Return to Intended 

Oncologic Treatment (RIOT), including minimally invasive surgery (MIS), are being investigated.

Methods—This project was designed to evaluate liver tumor patients to determine the RIOT rate, 

risk factors for inability to RIOT, and its impact on survivals. Outcomes for a homogenous cohort 

of 223 patients who underwent open-approach surgery for metachronous colorectal liver 

metastases and a group of 27 liver tumor patients treated with MIS hepatectomy were examined.

Results—Of the 223 open-approach patients, 167 were offered postoperative therapy, yielding a 

RIOT rate of 75%. The remaining 56 (25%) patients were unable to receive further treatment due 

to surgical complications (n=29 pts) or poor performance status (n= 27 pts). Risk factors 

associated with inability to RIOT were hypertension (OR 2.2, p=0.025), multiple preoperative 

chemotherapy regimens (OR 5.9, p=0.039), and postoperative complications (OR 2.0, p=0.039). 

Inability to RIOT correlated with shorter disease-free and overall survivals (p<.001,HR=2.16; and 

p=.005,HR=2.07, respectively). In contrast to the open surgery group, 100% of MIS patients who 

were intended to initiate postoperative therapy did so (p=0.038) within a shorter median time 

interval (MIS: 15 days vs. open: 42 days; p<0.001).

Conclusions—The relationship between RIOT and long-term oncologic outcomes suggests that 

RIOT rates for both open- and MIS-approach cancer surgery should routinely be reported as a 

quality indicator.
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Introduction

Recent improvements in survivals for a number of malignancies can be attributed to the 

development of multidisciplinary treatment protocols that include surgery and systemic 

therapies.[1] These oncosurgical strategies frequently indicate surgical tumor resection 

followed by postoperative adjuvant systemic therapy. Specifically,, for patients diagnosed 

with liver metastases from colorectal cancer, the significant improvement in overall survival 

over the last two decades is attributed to the increased safety and use of hepatectomy 

combined with the introduction of effective drugs for systemic treatment.[2, 3] Currently, 

patients with resected colorectal liver metastases (CLM) demonstrate 5-year overall 

survivals (OS) of up to 60%.[4, 5] However, disease recurrence after liver resection remains 

a frequent event, with nearly two-thirds of patients developing relapse.[6] Up to 50% of 

recurrences occur in the liver with the majority occurring within the first 2 years after 

hepatectomy.[7–9]

These statistics, combined with adjuvant therapy efficacy data from patients with locally 

advanced colorectal cancer[10] and recently published multiinstitutional studies, support the 

role of adjuvant chemotherapy following resection of hepatic metastases.[3, 11] Given this 

paradigm, any complications and/or general disability related to the hepatectomy procedure 

that prevents patients from Return to Intended Oncologic Treatment (RIOT) may increase 

the risk of recurrence and negate some or all of the benefits of surgery. In this setting, the 

RIOT rate may serve as an important quality indicator for the combined oncosurgical 

treatment plan. As RIOT is a novel metric, factors negatively affecting RIOT and the 

potential impact of minimally invasive surgery (MIS) on RIOT have never been assessed.

Using a homogenous population of patients undergoing open hepatectomy for metachronous 

CLM as a proof-of-principle, this study was designed to identify the rate of and factors 

independently associated with inability to RIOT. Additionally, it aimed to evaluate the 

potential impact of the MIS-approach on RIOT rate and subsequent, associated, long-term 

oncologic outcomes.

Patients and methods

Study population

With IRB approval, the prospectively maintained liver resection database of the Department 

of Surgical Oncology at The University of Texas-MD Anderson Cancer Center was queried 

in order to identify all patients who underwent hepatectomy from January 2005 to October 

2011 (n=1669). Two cohorts of patients were identified (Figure 1). The first cohort included 

351 patients who underwent open-approach hepatectomy for metachronous colorectal liver 

metastases. After excluding patients who underwent previous liver surgery for metastatic 

colorectal cancer (i.e. redo resection), patients who died within 90 days after hepatectomy, 

patients who received more than 12 cycles of preoperative chemotherapy, patients who were 

not intended to receive postoperative chemotherapy, and those for whom data regarding 

postoperative CHT were incomplete, a homogeneous cohort of 223 patients remained (open-

approach cohort). A second cohort included 27 patients who, from February 2011 to October 
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2012, underwent curative-intent MIS hepatectomy for various primary and metastatic 

malignancies (MIS cohort).

Preoperative assessment

The pre-operative assessment included a computed tomography using liver protocol (rapid 

injection of 3–5 mL/sec of intravenous contrast, triple-phase imaging, and 2.5- to 5-mm 

slice-thickness through the liver) and/or liver protocol magnetic resonance imaging. For MR, 

hepatocyte-specific contrast agents were increasingly used during the study period. If the 

calculated standardized future liver remnant volume was inadequate, pre-operative portal 

vein embolization (PVE) was performed using a previously reported algorithm.[12, 13]

Surgery

In the open approach cohort, a standardized operative technique was used.[14, 15] 

Intraoperative hepatic ultrasonography with a 5- to 7.5-MHz probe (Aloka Co. Ltd., Tokyo, 

Japan) was routinely performed to confirm the preoperative imaging findings, to rule out 

previously undetected nodules, to visualize the relationships between the tumor and vascular 

and biliary structures, and to delineate the extent of hepatectomy. According to the Brisbane 

2000 terminology, the resection of ≥3 segments was defined as major hepatectomy.[16] 

Associated procedures were defined as any intra-or extra-abdominal procedure concomitant 

to the hepatectomy, except hepatic artery pump placement, ablative procedure, 

cholecystectomy, liver wedge biopsy, ventral or umbilical hernia repair, and endoscopic 

evaluations.[17]

In the MIS-approach cohort, patients were placed for left liver resection in the low lithotomy 

position and for right hepatic resection in a left-lateral decubitus position. A 3–4 trocar 

approach with or without hand port placement was utilized and the intra-abdominal pressure 

was maintained at 12 to 15 mm Hg. Dissection of hilar, pericaval and hepatic venous 

structures was conducted as in open surgery. Before parenchymal dissection, an umbilical 

tape was passed around the hepatoduodenal ligament for inflow occlusion (Pringle 

maneuver), when needed. The liver parenchyma was dissected, divided and coagulated with 

bipolar forceps and the Ligasure device (5 mm, COVIDIEN, Boulder, CO, USA). Fibrin 

glue and drains were used at the surgeon’s discretion.

Description of postoperative outcomes and RIOT

Postoperative complications included postoperative adverse events resulting from the liver 

resection or associated procedures. Complications were classified according to a standard 

classification system.[18] Grade I and II complications were defined as minor complications 

and grade III and IV complications were defined as major complications.

Postoperative medical oncology records of all patients (open-approach and MIS-approach) 

included in the current study were reviewed to separate patients into two groups: those who 

could return to intended oncologic treatment (RIOT group) and those who could not (non-

RIOT group). The exact reason(s) for failure to RIOT were documented, including 

postoperative complications or poor general performance status.
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Statistical Analysis

Statistical analysis was performed with SPSS (version 19.0; SPSS Inc., Chicago, IL). 

Overall survival (OS) and recurrence-free survival (RFS) were calculated starting from the 

date of hepatectomy until the date of death, of radiologically or clinically confirmed 

recurrence, or of last follow-up, as appropriate. Continuous data were expressed as medians 

(range) and compared with the Mann-Whitney U test. Categorical data were compared by 

the Chi-squared or Fisher’s exact test as appropriate. Variables with a significant impact on 

the ability to RIOT in univariate analysis were entered into multivariate analysis. 

Multivariate analysis for predictors of the inability to RIOT and for factors associated with 

survivals was performed by logistic regression, with backward elimination of non-significant 

factors. Univariate and multivariate data are presented with (p-value, Hazard Ratio, and 95% 

Confidence Interval) in both text and tables. A p value < 0.05 was considered statistically 

significant in both univariate and multivariate analyses.

Results

Baseline characteristics of patients in the open-approach cohort and analysis of RIOT

In the open-approach cohort, the median age at the time of the hepatectomy was 62 years 

(range: 25–88 years) and 140 (63%) patients were male. The median BMI and ASA score 

were 28.4 and 3, respectively. The incidence of medical comorbidities including 

hypertension (51%) and diabetes (15%) was typical for this patient population. Hepatectomy 

was preceded by PVE in 16 (7.2%) cases and by preoperative CHT in 131 (59%) cases.

Of the 223 patients in the open approach cohort, 167 were offered postoperative therapy 

(156 accepted and 11 declined) yielding a RIOT rate of 75%. The inability to RIOT was 

observed in 56 patients (25%), and was attributed to insufficient recovery from distinct 

complications in 29 patients and general poor performance status in 27 patients. Analysis of 

potential risk factors for the inability to RIOT are summarized in Table 1. In univariate 

analysis, age greater than or equal to 60 years old (p<.001), hypertension (p=.005), more 

than one line of preoperative CHT (p<.001), and postoperative complications (p=.011) were 

associated with the inability to RIOT. In multivariate analysis, hypertension (p=.025, 2.16, 

1.1–4.23), receiving more than one preoperative CHT regimen (p=.039, 5.92 1.1–32.21), and 

postoperative complications (p=.039) retained independent statistical significance for 

association with the inability to RIOT.

Factors associated with recurrence-free and overall survival in the open-approach cohort

Within the open-approach cohort, those patients with the ability to RIOT had median 

recurrence-free and overall survivals of 22 months and 70 months, respectively. In contrast, 

patients who did not RIOT experienced median recurrence-free and overall survivals of only 

13 months and 46 months, respectively (both p<0.01, Figure 2.)

Univariate analysis of risk factors potentially associated with recurrence indicated that 

multiple regimens of preoperative CHT (p=.001, 3.54, 1.63–7.67), multiple CLM (p=.023, 

1.47, 1.05–2.06), and inability to RIOT (2.16, 2.01, 1.39–2.86) were associated with worse 

RFS. Mortality analysis determined that intraoperative blood loss (IOBL) >1000 ml (p= .
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009, 3.92, 1.41–10.85), a positive margin resection (p=.021, 2.14, 1.12–4.08), and inability 

to RIOT (p=.003, 2.13, 1.29–3.52) were associated with a shorter OS. When these factors 

were entered into multivariate analyses, multiple CLM (p=.008, 1.59, 1.13–2.23) and 

inability to RIOT (p=.001, 2.16, 1.48–3.13) were independently associated with a shorter 

RFS, while intraoperative blood loss greater than 1000 ml (p=.019, 3.44, 1.22–9.68), 

positive surgical margin (p=.045, 1.94, 1.02–3.74), and inability to RIOT (p=.005, 2.07 , 

1.24–3.43), were independently associated with a worse OS. (Table 2, Figure 2)

Characteristics of patients in the MIS hepatectomy cohort and comparison with the open-
approach cohort

When comparing preoperative characteristics, including age, comorbidities, and prior 

treatments, no differences were found between open and MIS cohort patients.(Table 3) 

Concerning perioperative characteristics, patients in the MIS cohort were less likely to 

undergo major hepatectomy (7.4% vs. 54%, p<.001) compared to those in the open-

approach cohort. The MIS cohort had lower median intraoperative blood loss (75 cc vs. 200 

cc, p<.001) and less frequent perioperative transfusions (0% vs 17%, p=.03, respectively) 

(197 vs. 135 minutes, p<.001). With regard to pathologic characteristics, the rate of 

multifocal tumor resection was higher in the open-approach group than in the MIS cohort 

(39% vs. 15%, p=.014), while the median size of largest metastasis (25 mm vs. 20 mm, p=.

144) and the rate of positive surgical margin (9% vs. 4%, p=.484) did not differ significantly 

between the two cohorts.

Comparison of postoperative characteristics revealed that the complication rate was lower in 

the MIS-approach cohort compared to the open-approach cohort (0% vs. 35%, p<.001). This 

result paralleled a shorter median length of hospital stay (3.7 vs. 6 days, p<.001) and a 

higher RIOT rate in the MIS cohort (100% vs. 75%, p=.003). In addition, the median time 

from surgery to reinitiation of cancer therapy was significantly shorter in the MIS group 

(median: 15 days; range: 5–36 days), compared to the open-approach group (median: 42 

days; range; 25–70 days, p<0.001).

Discussion

In this study we proposed the Return to Intended Oncologic Treatment or ‘RIOT’ as a novel 

metric to evaluate the quality of oncologic surgery. The results of this analysis demonstrated 

that one-quarter of patients undergoing open-approach hepatectomy for metachronous CLM 

were unable to return to intended oncologic therapies, leading to a RIOT rate of 75%. 

Inability to RIOT was higher in patients who underwent multiple regimens of preoperative 

CHT, were affected by pre-existent hypertension, and in those who had postoperative 

complications. Furthermore, the inability to RIOT was independently associated with both 

shorter RFS and OS.

Cancer survivorship after surgical oncology procedures is dependent on a mix of patient 

comorbidity, tumor biology, and impact of surgery on recovery. In an attempt to dissect this 

milieu, the secondary analysis of this study examined a cohort of patients undergoing MIS 

liver resection for malignancy. Clearly, this was a selected group that contained patients who 

required less extensive hepatectomy when compared to the open-approach cohort. This 
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analysis determined that a significantly higher percentage of patients in the MIS group who 

were intended to RIOT did accomplish this milestone. Despite similar age and comorbidity 

profiles, the MIS group demonstrated a RIOT rate of 100% and, more importantly, a nearly 

4 week reduction in time to reinitiation of cancer treatment. Accepting the differences in 

magnitude of liver resection, we interpret these data simply as a proof-of-concept that RIOT 

rates may differ between surgical approaches. In as much as RIOT rates are associated with 

long-term outcomes this indicator may, therefore, become an important additional metric to 

compare open and MIS oncosurgical approaches when the patient, staging, and tumor 

distribution determine that each approach would be oncologically equivalent as a method to 

achieve R0 resection.

The use of adjuvant chemotherapy for colorectal cancer has been studied in stage III 

colorectal cancer, with multiple randomized clinical trials having identified a survival benefit 

associated with the use of adjuvant chemotherapy for patients with colorectal cancer and 

regional lymph node metastases.[10] These findings have provided a theoretical rationale for 

the utility of adjuvant chemotherapy in the setting of resected stage IV CLM. However, only 

four randomized clinical trials have tried to assess the role of CHT after resection of CLM: 

two of them included a small number of patients and were published only in the form of an 

abstract.[19, 20]. The remaining two trials had a larger number of participants, but were 

prematurely closed because of slow accrual, thus lacking statistical power to demonstrate 

more than a trend toward a survival difference.[21, 22]

However, a pooled analysis including 278 patients from the latter two studies showed an 

independent association between adjuvant chemotherapy and improved progression-free 

survival and overall survival, leading the authors of this study to support the use of systemic 

adjuvant chemotherapy after potentially curative resection of CLM.[23] The role of adjuvant 

CHT after curative resection of CLM has also been examined by several large retrospective, 

nonrandomized studies,[24–29] the majority of which concluded that a survival benefit does 

exist for adjuvant postoperative systemic therapy in patients with resectable colorectal liver 

metastasis.

Although lacking in level 1 evidence, collectively, these data suggest that a subset of patients 

who do not receive adjuvant systemic therapy following potentially curative hepatic 

metastatectomy may be at a survival disadvantage. The findings of our study, which 

identified an independent association between the inability to RIOT and shorter RFS and OS 

supports this hypothesis. Based on these data, we believe that RIOT may be a critically 

important factor in long-term outcomes following oncologic surgery.

We previously demonstrated this relationship in patients with pancreatic adenocarcinoma,

[30] and these data were recently reconfirmed.[31] Similar to patients with pancreatic 

adenocarcinoma, patients with colorectal liver metastases are assumed to have at least 

systemic micrometastatic disease. In this setting, if effective agents are available, an inability 

to deliver systemic chemotherapy would logically result in a shorter disease-free survival, 

and a worse overall prognosis. Given this oncologic construct, data defining a known 

incidence of inability to receive postoperative adjuvant therapy may support delivery of 

neoadjuvant systemic therapy.
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The current study is the first to analyze factors independently predicting an inability to RIOT 

after hepatectomy for malignancy and to assess the impact of MIS approaches in this 

context. As expected, postoperative complications correlated with the inability to RIOT, with 

a two-fold lower RIOT rate in patients who experienced complications. Interestingly, 

undergoing multiple lines of preoperative CHT was the strongest independent predictor of 

inability to RIOT, increasing the risk six-fold. This result could be related to the higher rate 

of complications in patients treated with multiple lines of preoperative CHT, compared to 

patients undergoing single line or no preoperative CHT. This association between long-term 

chemotherapy and hepatic chemotoxicity is well recognized,[32, 33] and leads us to 

advocate for short-course preoperative therapy whenever possible.[34]

Although this study used a retrospective analysis of RIOT rates, the pre and perioperative 

data was entered into our database in real-time and the RIOT data were unambiguous and 

easily obtained. Patients in the open cohort were subjected to strict inclusion and exclusion 

criteria to define a homogenous metachronous population that would have a clear rationale 

for subsequent systemic therapy. In addition, we acknowledge that the number of patients in 

the MIS cohort was small and that the two cohorts were different in terms of extent of 

hepatectomy. Thus, it could be conjectured that the higher RIOT rate in the MIS cohort was 

related to the lower rate of major hepatectomy. However, in the open-approach cohort, major 

hepatectomy was not a predictor of inability to RIOT nor of postoperative complications, 

suggesting that MIS approaches may have an impact on RIOT rates that is independent of 

magnitude of hepatectomy. Lastly, the RIOT metric only addressed reinitiation of systemic 

therapy. Future studies, focusing on the ability to complete the intended systemic therapy 

regimen, a relevant metric in other malignancies,[35–38] are needed to determine the 

minimum chemotherapy doses required to achieve a survival benefit in patients with 

resected colorectal cancer liver metastases.

In summary, this study represents an initial exploration of a novel quality metric in surgical 

oncology. Using open-approach and MIS hepatectomy for malignancy as a proof-of-

principle, we determined that the RIOT rate may have value in assessing oncosurgical 

treatment strategies in multiple tumor types and in the direct comparison of open and MIS 

approaches to cancer surgery. If MIS approaches to malignant disease can achieve equivalent 

resection margins and nodal recovery, a lower rate of postoperative complications, and 

shorter lengths of perioperative disability, a higher RIOT rate may indicate an oncologic 

advantage of MIS over open approaches.
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Synopsis

The ability to return to intended oncologic therapy (RIOT) after cancer surgery is 

associated with improved outcomes. Given the importance of this metric, RIOT rates 

should be reported as a quality indicator in surgical oncology.
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Figure 1. 
Study design. Abbreviations: CLM, colorectal liver metastases; CHT, chemotherapy; RIOT, 

return to intended oncologic treatment.
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Figure 2. 
Impact of Return to Intended Oncologic Therapy (RIOT) on recurrence-free survival (A) and 

on overall survival (B).

Aloia et al. Page 12

J Surg Oncol. Author manuscript; available in PMC 2017 July 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aloia et al. Page 13

Ta
b

le
 1

C
lin

ic
op

at
ho

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s 
an

d 
un

iv
ar

ia
te

 a
na

ly
si

s 
of

 f
ac

to
rs

 a
ss

oc
ia

te
d 

w
ith

 R
IO

T
 in

 th
e 

op
en

-a
pp

ro
ac

h 
co

ho
rt

.

In
ab

ili
ty

 t
o

R
IO

T
 (

n=
56

)
U

ni
va

ri
at

e 
an

al
ys

is
M

ul
ti

va
ri

at
e 

an
al

ys
is

n
%

p
O

R
 (

95
%

 C
I)

p
O

R
 (

95
%

 C
I)

Pr
eo

pe
ra

tiv
e 

ch
ar

ac
te

ri
st

ic
s

A
ge

≥ 
60

42
.0

05
2.

63
 (

1.
33

–5
.1

8)
.0

59
1.

97
 (

0.
97

–4
.0

2)

<
 6

0
14

Se
x

M
al

e
36

.7
88

1.
09

 (
0.

58
–2

.0
8)

Fe
m

al
e

20

D
ia

be
te

s
Y

es
12

.1
32

1.
82

 (
0.

83
–3

.9
)

N
o

43

H
yp

er
te

ns
io

n
Y

es
38

.0
04

2.
52

 (
1.

33
–4

.7
8)

.0
25

2.
16

 (
1.

1–
4.

23
)

N
o

18

B
od

y 
m

as
s 

in
de

x 
>

 3
0

Y
es

20
.5

08
1.

23
 (

0.
66

–2
.3

1)

N
o

36

A
SA

 S
co

re
 >

2
Y

es
50

.1
96

1.
91

 (
0.

71
–5

.3
2)

N
o

5

Pr
eo

pe
ra

tiv
e 

C
H

T
Y

es
29

.1
94

1.
5 

(0
.8

1–
2.

76
)

N
o

27

M
ul

tip
le

 r
eg

im
en

Y
es

6
.0

06
9.

9 
(1

.9
3 

– 
50

)
.0

39
5.

92
 (

1.
1–

32
.2

1)

N
o

50

Pr
eo

pe
ra

tiv
e 

PV
E

Y
es

6
.2

42
1.

8 
(0

.6
5–

5.
43

)

N
o

50

In
tr

ao
pe

ra
tiv

e 
ch

ar
ac

te
ri

st
ic

s

C
on

co
m

ita
nt

 R
FA

Y
es

3
.7

43
1.

24
 (

0.
33

–4
.6

3)

J Surg Oncol. Author manuscript; available in PMC 2017 July 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aloia et al. Page 14

In
ab

ili
ty

 t
o

R
IO

T
 (

n=
56

)
U

ni
va

ri
at

e 
an

al
ys

is
M

ul
ti

va
ri

at
e 

an
al

ys
is

n
%

p
O

R
 (

95
%

 C
I)

p
O

R
 (

95
%

 C
I)

N
o

53

M
aj

or
 h

ep
at

ec
to

m
y

Y
es

30
.9

49
1.

01
 (

0.
55

–1
.8

6)

N
o

26

A
ss

oc
ia

te
d 

pr
oc

ed
ur

es
Y

es
12

.3
15

1.
48

 (
0.

68
–3

.1
7)

N
o

44

O
pe

ra
tio

n 
du

ra
tio

n 
≥ 

18
0 

m
in

Y
es

17
.1

17
1.

69
 (

0.
88

–3
.2

)

N
o

40

IO
B

L
 ≥

 1
00

0 
m

l
Y

es
3

.1
77

3.
06

 (
0.

6–
15

.4
4)

N
o

53

Pe
ri

op
er

at
iv

e 
T

ra
ns

fu
si

on
Y

es
7

.4
9

1.
31

 (
0.

6–
2.

87
)

N
o

49

Po
st

op
er

at
iv

e 
ch

ar
ac

te
ri

st
ic

s

C
om

pl
ic

at
io

ns
Y

es
27

.0
11

2.
24

 (
1.

21
–4

.1
7)

.0
39

2.
00

 (
1.

04
–3

.8
6)

N
o

29

M
aj

or
 c

om
pl

ic
at

io
ns

Y
es

8
.2

05
1.

82
 (

0.
72

–4
.6

1)

N
o

48

A
bb

re
vi

at
io

ns
: R

IO
T,

 r
et

ur
n 

to
 in

te
nd

ed
 o

nc
ol

og
ic

al
 tr

ea
tm

en
t; 

O
R

, O
dd

 R
at

io
; C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; C

H
T,

 c
he

m
ot

he
ra

py
; C

E
A

, c
ar

ci
no

em
br

yo
ni

c 
an

tig
en

; P
V

E
, p

or
ta

l v
ei

n 
em

bo
liz

at
io

n;
 R

FA
, 

ra
di

of
re

qu
en

cy
 a

bl
at

io
n;

 I
O

B
L

, i
nt

ra
op

er
at

iv
e 

bl
oo

d 
lo

ss
.

J Surg Oncol. Author manuscript; available in PMC 2017 July 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aloia et al. Page 15

Table 2

Univariate and multivariate analyses of factors associated with recurrence-free and overall survival in the 

open-approach cohort.

Variables
Univariate analysis Multivariate analysis

p HR (95% CI) p HR (95% CI)

Recurrence-free survival

ASA score > 2 .064 1.66 (0.97–2.84) .125 -

Multiple CHT lines .001 3.54 (1.63–7.67) .221 -

CEA > 5 .055 1.38 (0.99–1.94) .115 -

PVE .081 1.73 (0.93–3.22) .659 -

Largest CLM size > 5cm .074 1.51 (0.96–2.36) .515 -

Multiple CLM .023 1.47 (1.05–2.06) .008 1.59 (1.13–2.23)

Inability to RIOT <.001 2.01 (1.39–2.86) <.001 2.16 (1.48–3.13)

Overall survival

Primary tumor in rectum .054 1.89 (0.99–3.61) .064 -

Largest CLM size > 5cm .063 1.75 (.97–3.15) .338 -

IOBL> 1000 ml .009 3.92 (1.41–10.85) .019 3.44 (1.22–9.68)

Positive margin .021 2.14 (1.12–4.08) .045 1.94 (1.02–3.74)

Inability to RIOT .003 2.13 (1.29–3.52) .005 2.07 (1.24–3.43)

Multivariate Cox regression was applied with stepwise backward selection. Factors with a p value <.01 at the univariate analysis were included in 
the multivariate model. Factors showing no or limited statistically significant association (p> .01) with tumor recurrence or survival were deleted 
from the model in a stepwise fashion. The 22 factors tested were as follows: gender, age (< vs. ≥ 60 years), ASA score (≤ vs. >2), diabetes (yes vs 
no), hypertension (yes vs. no), BMI (< vs. ≥ 30), primary tumor location (rectum vs. colon), primary tumor nodal status (positive vs. negative) 
preoperative CHT (yes vs no), multiple lines of preoperative CHT (yes vs. no), preoperative PVE (yes vs. no), CEA (≤ vs. > 5ng/dl), RFA (yes vs. 
no), extension of hepatectomy (major vs. minor), operation duration (≤ vs. > 180 minutes), IOBL (≤ vs > 1000 ml), largest CLM size (≤ vs. > 5 
cm), number of tumors (solitary v multiple), surgical margin (negative vs. positive), perioperative transfusion (yes vs. no), any complication (yes 
vs. no), major complication (yes vs. no), RIOT (yes vs. no).

Abbreviations: HR, Hazard Ratio; CI: confidence interval; CHT, chemotherapy; CEA, carcinoembryonic antigen; CLM, colorectal liver metastasis; 
PVE, portal vein embolization; RIOT, return to intended oncological therapy; IOBL, intraoperative blood loss.
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