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Abstract: Background and Objectives: To investigate whether multidisciplinary team (MDT) intervention is associ-
ated with improved survival for patients with colorectal adenocarcinoma with liver or lung metastasis (CRA-LLM). 
Methods: We enrolled 161 consecutive patients with histologically confirmed CRA-LLM at Taipei Medical University-
Wan Fang Hospital between January 2007 and December 2017. In total, 75 patients with CRA-LLM received MDT 
intervention, and 86 patients did not receive MDT intervention. To evaluate prognostic factors for overall death, we 
performed univariate and multivariate Cox regression analyses of the overall death rate in all patients. Overall sur-
vival rates were calculated using the Kaplan-Meier method, and Kaplan-Meier survival curves were compared using 
the log-rank test (P < .001). Results: A multivariate Cox regression analysis of the overall death rate in patients with 
CRA-LLM showed that age ≤ 65 years, systemic chemotherapy, curative-intent treatments, and MDT intervention 
are strong prognostic factors. The adjusted hazard ratio of death risk for age ≤ 65 years, systemic chemotherapy, 
curative-intent treatments, and MDT intervention were 0.60 (95% confidence interval [CI], 0.40-0.92; P = .019), 
0.19 (95% CI, 0.12-0.32; P = .001), 0.25 (95% CI, 0.13-0.50; P = .001), and 0.40 (95% CI, 0.25-0.65; P = .001), 
respectively. The 3-year overall survival rates in patients with CRA-LLM receiving MDT intervention and not receiving 
MDT intervention were 48.75% and 24.21%, respectively. Conclusion: MDT intervention is associated with improved 
survival for patients with CRA-LLM.

Keywords: Colorectal adenocarcinoma, overall death, multidisciplinary teams, liver metastasis, lung metastasis

Introduction

In Taiwan, colorectal cancer (CRC) is the sec-
ond leading cancer and the third leading cause 
of cancer deaths [1]. Globally, the regional inci-
dence of CRC varies over 10-fold. Western 
countries and North America have the highest 
incidence, whereas Africa and south-central 
Asia have the lowest incidence [2]. These differ-
ences may be attributable to differences in 
dietary and environmental exposures and 
genetic susceptibility [3-6]. In Taiwan, 17.12% 
patients had an initial diagnosis of stage IV 
CRC, and approximately 38.87% of these 
patients had colorectal adenocarcinoma with 
liver or lung metastasis (CRA-LLM) [1]. 

Cancer care can be complex, and given the 
wide range and number of health care profes-

sionals involved, an enormous potential for 
poor coordination and miscommunication ex- 
ists [7]. Multidisciplinary teams (MDTs) should 
improve coordination, communication, and de- 
cision-making among health care team mem-
bers and patients and produce more positive 
outcomes [7]. The resection of limited meta-
static sites could result in a higher overall sur-
vival rate [8, 9]. Therefore, surgery provides a 
curative option for selected patients who pres-
ent with limited metastatic CRC [8, 9]. However, 
the resection rate of metastatic CRC in Taiwan 
was 61.13% in 2016 [1]. For patients with bor-
derline resectable or initially unresectable but 
potentially resectable disease that is limited to 
the liver or lungs, downstaging with neoadju-
vant chemotherapy (CT) may permit successful 
resection later [10, 11]. These patients must be 
managed by an MDT. MDT intervention could 
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improve monitoring of resection guidelines for 
CRC with liver or lung metastases based on the 
number of lesions, tumor size, and margins [12-
14]. In addition, cancer navigators in MDTs can 
monitor clinical practice in patients with CRA-
LLM and compliance with previously formed 
consensus in the colorectal tumor board and 
thus optimally cooperate with related cancer 
groups [15, 16].

Routine MDT intervention in patients with CRC 
has been controversial [7, 17]. Study has shown 
that optimal treatments exist for advanced 
CRC, especially stage IV, but not early stages 
[17]. A review article demonstrated that the 
effective MDT intervention in treatment of 
patients with cancer is scarce [7]. Therefore, 
we recruited patients with CRA-LLM who were 
recommended intensive therapy based on Na- 
tional Comprehensive Cancer Network (NCCN) 
guidelines. We investigated whether MDT inter-
vention is associated with improved survival for 
patients with CRA-LLM.

Patients and methods

Study patients

We enrolled 161 consecutive patients who had 
histologically confirmed CRA-LLM at the Taipei 
Medical University-Wan Fang Hospital between 
January 2007 and December 2017. All enrolled 
patients were Taiwanese (Asian population). 
Colorectal surgeons confirmed that all the 
recruited patients had colorectal adenocarci-
noma with lung or liver metastasis, and patho-
logic results confirmed presence of primary 
tumor without obstruction or imminent obstruc-
tion. The mean follow-up period was 84 months 
(standard deviation, 35 months). Clinical data 
(chest, abdominal, and pelvic computed tomog-
raphy, magnetic resonance imaging, or posi-
tron emission tomography scan) were analyzed 
to evaluate the extent of lung or liver metasta-
sis, including metastatic visceral organs, meta-
static numbers, liver lobe metastatic status, 
largest metastatic tumor size, and secondary 
resectability after neoadjuvant CT. Rectal and 
colon adenocarcinomas were included. Neoad- 
juvant CT or systemic CT is indicated for CRA-
LLM in our hospital [18, 19]. CT included stan-
dard fluorouracil (FU)-based regimens with or 
without contemporary regimens, such as irino-
tecan, oxaliplatin, bevacizumab, cetuximab, re- 
gorafenib, trifluridine-tipiracil, pembrolizumab, 

or nivolumab, depending on physicians’ deci-
sion or patients’ economic status. Crossovers 
of various regimens in systemic treatments 
were allowed. Our protocols were reviewed and 
approved by the institutional review board at 
our hospital (TMU-JIRB No. 201705066).

MDT intervention and follow-up

MDT intervention in patients with CRC has been 
executed in Taiwan according to the encourage-
ment of Health Promotion Administration (HPA), 
Ministry of Health and Welfare since 2007. 
MDT intervention including a consensus regard-
ing treatments for CRC was reached after dis-
cussion among the colorectal tumor board 
members. The members of the tumor board 
include medical oncologists, colorectal sur-
geons, radiation oncologists, diagnostic radiol-
ogists, pathologists, rehabilitation physicians, 
nuclear medicine physicians, professional 
nurses, and CRC navigators. The cancer navi-
gators in MDTs monitor clinical practices in 
patients with CRC, ensure compliance with pre-
viously formed consensus in the colorectal 
tumor board, and reach optimal cooperation 
among related cancer groups [15, 16]. MDT 
intervention was not enforced but encouraged 
by the HPA and our hospital. Between January 
2007 and December 2017, 75 patients with 
CRA-LLM received MDT intervention (MDT 
group), and 86 patients did not receive MDT 
intervention (non-MDT group). Secondary re- 
sectability after neoadjuvant CT was also 
allowed in our study. 

Clinical staging of the disease was performed 
according to the seventh edition of the 
American Joint Committee on Cancer Cancer 
Staging Manual, 7th edition. After clinical imag-
ing, all patients were enrolled in a surveillance 
program designed to detect disease status, 
including disease progression or death. Clinic 
visits were scheduled every 2 weeks during 
treatment followed by every 3 months for the 
first 2 years and subsequently at 6-month inter-
vals for 3 years after treatment. At each visit 
during treatment, pelvic examination was per-
formed, and the metastatic size, location, and 
numbers were determined through liver sonog-
raphy, chest radiography, computed tomogra-
phy scans, or positron emission tomography 
scan. Abdominal ultrasound or computed to- 
mography was performed every 6 months after 
treatment. Colonoscopy was performed after 1 
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Table 1. Characteristics of patients with CRA-LLM receiving and not 
receiving MDT intervention

No MDT  
(N = 86)

MDT  
(N = 75)

P 
value

N (%) N (%)
Sex .527
    Men 43 (50.00) 42 (56.00)
    Women 43 (50.00) 33 (44.00)
Age (years) .635
    ≤ 65 44 (51.63) 42 (56.00)
    > 65 42 (48.37) 33 (44.00)
    Median 64 65 .945
Primary tumor location .736
    Rectum 30 (34.88) 23 (30.67)
    Colon 56 (65.12) 52 (69.33)
Metastatic visceral organs .054
    Liver 73 (84.88) 54 (72.00)
    Lungs 13 (15.12) 21 (28.00)
    Both 8 (9.30) 7 (9.33)
Metastatic numbers .473
    1 22 (25.58) 29 (38.67)
    2-3 21 (24.42) 18 (24.00)
    4-10 15 (17.44) 9 (12.00)
    11-20 8 (9.30) 5 (6.67)
    > 20 19 (22.09) 14 (18.67)
Liver lobe metastatic status .080
    Unilateral lobe 32 (37.21) 39 (52.00)
    Bilateral lobes 54 (62.79) 37 (48.00)
Largest metastatic tumor size .014
    ≤ 5 cm 46 (53.49) 55 (73.33)
    > 5 cm 40 (46.51) 20 (26.67)
Neoadjuvant CT .080
    No 77 (89.53) 59 (78.67)
    Yes 9 (10.47) 16 (21.33)
Curative-intent treatments .010
    No 58 (67.44) 35 (46.67)
    Yes 28 (32.56) 40 (53.33)
Regimens of CT .773
    FU based only 45 (52.36) 41 (54.67)
    FU + contemporary regimens 41 (47.64) 34 (45.33)
Secondary resectability after neoadjuvant CT .291
    No 8 (88.89) 15 (93.75)
    Yes 1 (11.11) 1 (6.25)
Systemic CT .137
    No 16 (18.60) 22 (29.33)
    Yes 70 (81.40) 53 (70.67)
MDT, multidisciplinary team; CT, chemotherapy; FU, fluorouracil. Contemporary 
regimens: irinotecan, oxaliplatin, bevacizumab, cetuximab, regorafenib, trifluridine-
tipiracil, pembrolizumab, or nivolumab. Crossovers of various contemporary regimens 
in systemic treatments were allowed.

and 3 years following treat-
ment. If the patients did not 
return for follow-up at our 
outpatient department, we 
contacted them through 
telephone or email. Any 
symptom potentially relat-
ed to disease progression 
was investigated through 
digital rectal examination, 
colonoscopy, and comput-
ed tomography or magnetic 
resonance imaging.

Statistical analysis

The primary endpoint of the 
study was confirmation of 
overall death. Patients lost 
to follow-up were censored 
from the time of final follow-
up. The MDT group was 
compared with the non-
MDT group. Continuous 
variables were expressed 
as medians (ranges) and 
compared using the Mann-
Whitney U test or analysis 
of variance (2 or more inde-
pendent groups), whereas 
categorical variables (per-
centages) were compared 
using the chi-squared test 
or Fisher exact test, when 
indicated. Multivariate an- 
alysis was performed using 
Cox regression analysis for 
long-term follow-up (differ-
ent time, censored data), 
with only model variables 
having the highest or low-
est (P < .05) univariate risk 
being included. Statistical 
significance was defined as 
P < .05, and results were 
described with a hazard 
ratio (HR) and 95% confi-
dence interval (CI). All P val-
ues were 2-tailed. Signific- 
ant independent predictors 
for overall death, compris-
ing sex, age, primary tumor 
location, metastatic viscer-
al organs, metastatic num-
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bers, liver lobe metastatic 
status, largest metastatic tu- 
mor size, neoadjuvant CT, cu- 
rative-intent treatments, regi-
mens of CT, secondary resect-
ability after neoadjuvant CT, 
and systemic CT, were deter-
mined using a multivariate 
Cox regression analysis to 
determine the HR; the inde-
pendent predictors were con-
trolled using multivariate an- 
alysis in the study, and the 
endpoint was overall survival 
rate among the 2 groups. The 
overall survival rate was cal-
culated through the Kaplan-
Meier method. Kaplan-Meier 
survival curves were com-
pared using the log-rank test. 
Statistical analyses were per-
formed using SPSS, version 
13.0, for Windows (SPSS Inc., 
Chicago, IL).

Results

Study participants

We enrolled 161 patients 
with CRA-LLM. The character-
istics of the patients in the 
MDT and non-MDT groups are 
presented in Table 1. No sig-
nificant difference was ob- 
served in sex, age, primary 
tumor location, metastatic 
visceral organs, metastatic 
numbers, liver lobe metastat-
ic status, neoadjuvant CT, CT 
regimens, secondary resect-
ability after neoadjuvant CT, 
and systemic CT between the 
2 groups (Table 1). 

Univariate and multivariate 
analysis

In the MDT group, largest 
metastatic tumor size > 5  
cm was found in 26.67% of 
the patients compared with 
46.51% in the non-MDT gro- 
up. Moreover, curative-intent 
treatments were significantly 

Table 2. Univariate cox proportional hazard regression analysis of 
death risk among patients with CRA-LLM

HR 95% CI P 
value

MDT
    Yes (Ref.) 1.949 1.299-2.924 .001
    No
Neoadjuvant CT
    Yes (Ref.) 4.529 2.980-6.882 .001
    No
Treatment with curative intent
    Yes (Ref.) 6.385 4.007-10.178 .001
    No
Largest metastatic tumor size
    > 5 cm (Ref.) 0.373 0.253-0.550 .001
    ≤ 5 cm
Liver lobe metastatic status
    Bilateral lobes (Ref.) 0.296 0.193-0.454 .001
    Unilateral lobe
Metastatic numbers (numbers > 20 as Ref.)
    1 0.17 0.093-0.311 .001
    2-3 0.520 0.311-0.870 .013
    4-10 0.703 0.396-1.249 .230
    11-20 0.709 0.346-1.452 .347
Primary tumor location
    Colon (Ref.) 0.991 1.149-3.420  .964
    Rectum
Systemic CT
    Yes (Ref.) 3.675 1.785-7.562 .001
    No
Age
    > 65 (Ref.) 0.691 0.475-1.000 .050
    ≤ 65
Regimens of CT
    FU + contemporary regimens (Ref.) 1.982 1.149-3.420 .014
    FU based only
Secondary resection after neoadjuvant CT 1.468 1.094-5.319 .037
    Yes (Ref.)
    No
Sex
    Women (Ref.) 1.103 0.758-1.604 .609
    Men
Metastatic visceral organs
    Lungs (Ref.)
    Liver 1.002 0.491-1.420 .594
    Both 1.584 0.564-5.762 .508
MDT, multidisciplinary team; Ref., reference Group; CI, confidence interval; CT, 
chemotherapy. Contemporary regimens: irinotecan, oxaliplatin, bevacizumab, cetux-
imab, regorafenib, trifluridine-tipiracil, pembrolizumab, or nivolumab.
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The 1-year overall survival rates of the MDT and 
non-MDT groups were 74.52% and 53.45%, 
respectively (Table 4). Furthermore, the 3-year 
overall survival rates of the MDT and non-MDT 
groups were 48.75% and 24.21%, respectively. 
In addition, the overall survival rate was calcu-

Table 3. Multivariate cox proportional hazard regression analysis of 
death risk among patients with CRA-LLM

HR* 95% CI P 
value

Neoadjuvant CT
    Yes (Ref.) 1.725 0.778-3.826 .180
    No
Sex
    Women (Ref.) 1.166 0.775-1.752 .461
    Men
Age
    > 65 (Ref.) 0.606 0.400-0.920 .019
    ≤ 65
Regimens of CT
    FU + contemporary regimens (Ref.) 1.473 0.521-3.710 .849
    FU based only
Secondary resectability after neoadjuvant CT 1.313 0.752-5.698 .476
    Yes (Ref.)
    No
Metastatic numbers (numbers > 20 as Ref.)
    1 0.581 0.216-1.560 .281
    2-3 0.848 0.467-1.537 .586
    4-10 0.756 0.410-1.396 .372
    11-20 0.893 0.426-1.874 .765
Liver lobe metastatic status
    Bilateral lobes (Ref.) 0.653 0.337-1.267 .207
    Unilateral lobe
Largest metastatic tumor size 
    > 5 cm (Ref.) 1.218 0.767-1.934 .402
    ≤ 5 cm
Treatment with curative intent 
    No (Ref.) 0.252 0.128-0.496 .001
    Yes
MDT
    Yes (Ref.) 0.403 0.251-0.647 .001
    No
Systemic CT
    No (Ref.) 0.194 0.119-0.317 .001
    Yes
MDT, multidisciplinary team; Ref., reference group; CI, confidence interval; CT, chemo-
therapy. *All variables in Table 1 were used in multivariate analysis. Contemporary 
regimens: irinotecan, oxaliplatin, bevacizumab, cetuximab, regorafenib, trifluridine-
tipiracil, pembrolizumab, or nivolumab.

higher in the MDT group. Univariate Cox propor-
tional hazard regression analyses of death risk 
among patients with CRA-LLM are presented in 
Table 2. In the univariate analysis, MDT inter-
vention, age ≤ 65 years, neoadjuvant CT, cura-
tive-intent treatments, largest metastatic tu- 

mor size ≤ 5 cm, liver unilat-
eral lobe metastasis, meta-
static numbers 1-3, receiv-
ing systemic CT, using FU  
+ contemporary regimens, 
and secondary resection af- 
ter neoadjuvant CT reduced 
the death rate significantly 
among patients with CRA-
LLM (Table 2). Moreover, no 
significant differences were 
observed in sex, metastatic 
liver, solitary or both lung 
and liver metastases, or pri-
mary colon or rectal adeno-
carcinoma. Metastatic num-
ber > 3 was not significant 
for death risk compared with 
metastatic number > 20. To 
examine prognostic factors 
for overall survival, we also 
performed a multivariate 
Cox regression analysis of 
the overall death rate in pa- 
tients with CRA-LLM (Table 
3). After including only model 
variables of overall death 
having the highest or lowest 
univariate risk, we observed 
that age ≤ 65 years, system-
ic CT, curative-intent treat-
ments, and MDT interven-
tion were better prognostic 
factors (Table 3). The adjust-
ed HR of death risk for age ≤ 
65 years, systemic CT, cura-
tive-intent treatments, and 
MDT intervention were 0.60 
(95% CI, 0.40-0.92; P = 
.019), 0.19 (95% CI, 0.12-
0.32; P = .001), 0.25 (95% 
CI, 0.13-0.50; P = .001), and 
0.40 (95% CI, 0.25-0.65; P = 
.001), respectively. 

Overall survival rates
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lated using the Kaplan-Meier method, and 
Kaplan-Meier survival curves were compared 
using the log-rank test (Figure 1). As presented 
in the Figure, the 5-year overall survival rates of 
the MDT and non-MDT groups were 44.32% 
and 17.41%, respectively (log-rank test, P < 
.001). Kaplan-Meier curves for 5-year overall 
survival for patients with CRA-LLM with cura-
tive-intent treatments in the MDT and non-MDT 
groups were 64.57% and 41.31%, respectively 
(log-rank test, P = .062) (Figure S1).

Discussion

MDT intervention improved the diagnostic 
accuracy and overall survival of patients with 
CRC [13]. Moreover, it promoted communica-
tion and cooperation among different disci-
plines and ensured high-quality diagnosis, evi-
dence-based decision-making, and optimal 
treatment planning [13]. However, a study 
showed that MDT intervention only benefits 
patients with advanced-stage CRC and delivers 

Surgery provides a potentially curative option 
for selected patients who present with CRA-
LLM [10, 11, 22]. As a result, secondary resect-
ability after neoadjuvant CT is a crucial good 
prognostic factor in patients with CRA-LLM [10, 
11, 14, 22]. In our study, secondary resectabil-
ity was similar in the MDT and non-MDT groups. 
A resection rate of 8% was observed after neo-
adjuvant CT in our patients with initial CRA-
LLM, and the positive outcome rates were 
lower than those of other studies [23, 24] 
because only 41.21% of the patients with CRA-
LLM received contemporary regimens (Table 
1). Secondary resectability after neoadjuvant 
CT reduced the death rate significantly in uni-
variate analysis but not in multivariate analysis. 
The sample size of patients who underwent 
neoadjuvant CT was only 25. The small sample 
size could have led to statistical nonsignifi-
cance. However, these patients with CRA-LLM 
could be managed and monitored by an MDT 
[25]. The necessary cumulative dose or sys-
temic CT and close follow-up are the strengths 

Table 4. Survival rate of population in MDT and Non-MDT groups
No MDT  

intervention (%)
MDT  

intervention (%) P value

1-year overall survival 53.45 74.52 < .001
3-year overall survival 24.21 48.75 < .001

Figure 1. Kaplan-Meier curves for overall survival of patients with CRA-
LLM receiving and not receiving MDT intervention. Note: P value of log-
rank test is < .001.

little demonstrable advantage to 
patients with early-stage CRC 
[20]. These results call into ques-
tion the current belief that all 
new patients with CRC should be 
evaluated at an MDT meeting 
[20]. Furthermore, a review arti-
cle demonstrated that effective 
MDT intervention is scarce [7] 
because ethnic cultural differ-
ences, historical enmities, hier-
archical boundaries, and person-
ality styles that are not condu-
cive to harmonious exchange 
and respect of different view-
points can make MDTs dysfunc-
tional, and participation can be 
stressful [21]. The benefits to 
patients and health care profes-
sionals from MDTs might not be 
possible without substantial 
investment in team training [21]. 
No consolidative conclusions 
exist on the effectiveness of 
MDT intervention in overall sur-
vival, especially in CRA-LLM. The 
effectiveness of MDT interven-
tion in patients with cancer or 
CRC remains debatable [7, 20].
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of MDT intervention [25]. Moreover, sex, age, 
metastatic visceral organs, metastatic num-
bers, liver lobe metastatic status, largest meta-
static tumor size, curative-intent treatments, 
regimens of CT, and systemic CT reported as 
prognostic factors were adjusted in our patients 
[26-34]. These possible confounding factors 
were considered as covariates in our univariate 
and multivariate analyses (Tables 2 and 3).

The majority of the patients with CRA-LLM can-
not be cured, although a subset with limited 
liver or lung disease is potentially curable 
through surgery [10, 11, 22, 35, 36]. For other 
patients, treatment is palliative and generally 
consists of systemic CT [37]. For decades, FU 
was the sole active agent [37]. This has changed 
markedly since 2000, with the approval of FU 
and contemporary regimens like irinotecan; 
oxaliplatin; 3 humanized monoclonal antibod-
ies, namely bevacizumab, cetuximab, and pani-
tumumab; aflibercept; regorafenib; trifluridine-
tipiracil; and tipiracil [37-41]. Most recently, the 
immune checkpoint inhibitors pembrolizumab 
and nivolumab have been approved for adv- 
anced microsatellite instability-high or deficient 
mismatch repair CRC that has progressed fol-
lowing conventional CT [42-44]. Systemic CT 
produces meaningful improvements in median 
overall survival [37]. These benefits are most 
pronounced with regimens containing irinote-
can or oxaliplatin in combination with FU [45, 
46]. Although these regimens have not been 
compared to determine the most effective sup-
portive care individually, median survival is now 
routinely > 2 years, and 5-year survival with 
systemic CT alone is approximately 20% [37-
41]. However, the most effective combination 
and sequence of contemporary agents are not 
established nor is the optimal duration of treat-
ment. In our study, no statistical differences 
were observed between the MDT and non-MDT 
groups after combining contemporary agents 
(Table 1). In multivariate analysis, combined 
use of FU and contemporary agents was not an 
independent prognostic factor of death rate 
(Table 3). 

With improvements in surgical techniques and 
postoperative intensive care, surgical mortality 
has decreased and influences survival out-
comes of patients with CRA-LLM receiving neo-
adjuvant CT [47-49]. However, only 2 patients 
received secondary resection in our study. 
Therefore, the influence of improvements in 
surgical techniques and postoperative inten-

sive care on survival outcomes is negligible. 
Moreover, no significant differences were 
observed in secondary resectability after neo-
adjuvant CT between the MDT and non-MDT 
groups (Table 1). As shown in Table 1, curative-
intent treatment rates were 53.33% and 
32.56% in the MDT and non-MDT groups, 
respectively. Thus, MDT intervention may result 
in more curative-intent treatments in patients 
with CRA-LLM in our study. Curative-intent 
treatments with more aggressive and optimal 
therapies in the MDT group of our study were 
proportional to those of previous studies [50-
53]. Patients with largest metastatic tumor size 
> 5 cm were few in the MDT group, and largest 
metastatic tumor size > 5 cm was not an inde-
pendent prognostic factor in overall death after 
all variables in Table 1 were used in multivari-
ate analysis (Table 3).

According to a multivariate Cox regression anal-
ysis of the overall death rate in patients with 
CRA-LLM (Table 3), we observed that age ≤ 65 
years old, systemic CT, curative-intent treat-
ments, and MDT intervention were indepen-
dent prognostic factors (Table 3). Our findings 
showed that elderly patients with CRA-LLM had 
poor survival rates after treatment; these find-
ings were similar to other studies [26, 54, 55]. 
Systemic CT lowered the death rate for patients 
with CRA-LLM compared with BSC in our study; 
these outcomes were also compatible with a 
previous study [56]. However, studies compar-
ing overall survival outcomes using systemic CT 
and BSC in patients with CRA-LLM are few. In 
addition, multicollinearity might exist in cura-
tive-intent treatments and MDT intervention 
because treatment decisions differ, especially 
in patients with CRA-LLM after MDT interven-
tion [51]. Therefore, we selected only patients 
with CRA-LLM who received curative-intent 
treatments, and we estimated the survival 
curve on the basis of whether they received 
MDT intervention. Kaplan-Meier curves for the 
5-year overall survival rate for patients with 
CRA-LLM with curative-intent treatments of the 
MDT and non-MDT groups were 64.57% and 
41.31%, respectively (log-rank test, P = .062) 
(Figure S1). The 5-year survival rate for patients 
with curative-intent treatments of the MDT 
group (n = 40) was > 20% higher than that of 
the non-MDT group (n = 28). The trend of the P 
value was nearly statistically significant, but 
the limitation was the sample size of patients 
with CRA-LLM receiving curative-intent treat- 
ments. 
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The 1-year overall survival rates of the MDT and 
non-MDT groups were 74.52% and 53.45%, 
respectively (Table 4). The 3-year overall sur-
vival rates of the MDT and non-MDT groups 
were 48.75% and 24.21%, respectively. As pre-
sented in the Figure 1, the 5-year overall sur-
vival rates of the MDT and non-MDT groups 
were 44.32% and 17.41%, respectively (log-
rank test, P < .001). The Kaplan-Meier survival 
curves were focused toward the beginning of 
MDT intervention (Figure 1), which usually 
means the intervention is effective [57].

No clinical data exist that prove increased over-
all survival of patients with CRA-LLM after 
receiving MDT intervention. Our study is the 
largest study to evaluate the effect of MDT 
intervention in patients with CRA-LLM. This is 
also the first article to show independent 
improved prognostic factors such as age ≤ 65 
years, systemic CT, curative-intent treatments, 
and MDT intervention in patients with CRA-
LLM. Although some retrospective data or 
national cohort studies have shown patients 
with CRC receiving MDT intervention to have a 
lower mortality risk, no data specific to patients 
with CRA-LLM were available [17, 20]. We 
believe that MDT intervention promotes com-
munication and cooperation among disciplines 
and ensures high-quality diagnosis, evidence-
based decision-making, and optimal treatment 
planning in patients with CRA-LLM.

Our study had some limitations. First, a small 
sample size of neoadjuvant CT, secondary 
resection after neoadjuvant CT, and only 
46.58% of patients with CRA-LLM received a 
combination of FU and contemporary regimens 
in our study. Second, intensive therapy was 
suggested in patients with CRA-LLM based on 
NCCN guidelines [58], but determining patients 
appropriate for intensive therapy was difficult, 
and well-trained MDTs were necessary [7, 21]. 
Putative benefits to patients and health care 
professionals from MDT intervention may not 
be possible without appropriate team training 
[21]. Third, wild-type and mutated RAS (NRAS, 
KRAS) oncogenes were not checked before 
2014 in our institute. There were only 5 patients 
with mutated KRAS among the 12 patients 
whose oncogenes were checked.

Conclusions

Age ≤ 65 years, systemic CT, curative-intent 
treatments, and MDT intervention improved 

overall survival in patients with CRA-LLM. Thus, 
MDT intervention is associated with improved 
survival for patients with CRA-LLM.

Acknowledgements

Taipei Medical University (103TMU-WFH-07, 
and 104TMU-WFH-07, & TMU105-AE1-B26) 
and Wanfang Hospital funding 107-wf-swf-08. 
Our protocols were reviewed and approved by 
the Institutional Review Board of Taipei Medical 
University (TMU-JIRB No. 201705066).

Disclosure of conflict of interest

None.

Abbreviations

MDT, multidisciplinary team; CRA-LLM, colorec-
tal adenocarcinoma with liver or lung metasta-
sis; CT, chemotherapy; HR, hazard ratio; CRC, 
colorectal cancer; NCCN, National Compre- 
hensive Cancer Network; FU, fluorouracil; HPA, 
Health Promotion Administration; CI, confi-
dence interval.

Address correspondence to: Dr. Szu-Yuan Wu, De- 
partment of Radiation Oncology, Wanfang Hospital, 
Taipei Medical University, No. 111, Section 3, Hsing-
Long Road, Taipei 116, Taiwan. E-mail: szuyuan-
wu5399@gmail.com 

References

[1]	 Health Promotion Administration MoHaW. Tai-
wan Cancer Registry Annual Report. 2017.

[2]	 Fitzmaurice C, Allen C, Barber RM, Barregard 
L, Bhutta ZA, Brenner H, Dicker DJ, Chimed-
Orchir O, Dandona R, Dandona L, Fleming T, 
Forouzanfar MH, Hancock J, Hay RJ, Hunter-
Merrill R, Huynh C, Hosgood HD, Johnson CO, 
Jonas JB, Khubchandani J, Kumar GA, Kutz M, 
Lan Q, Larson HJ, Liang X, Lim SS, Lopez AD, 
MacIntyre MF, Marczak L, Marquez N, Mokdad 
AH, Pinho C, Pourmalek F, Salomon JA, 
Sanabria JR, Sandar L, Sartorius B, Schwartz 
SM, Shackelford KA, Shibuya K, Stanaway J, 
Steiner C, Sun J, Takahashi K, Vollset SE, Vos T, 
Wagner JA, Wang H, Westerman R, Zeeb H, 
Zoeckler L, Abd-Allah F, Ahmed MB, Alabed S, 
Alam NK, Aldhahri SF, Alem G, Alemayohu MA, 
Ali R, Al-Raddadi R, Amare A, Amoako Y, Arta-
man A, Asayesh H, Atnafu N, Awasthi A, Sal-
eem HB, Barac A, Bedi N, Bensenor I, Berhane 
A, Bernabe E, Betsu B, Binagwaho A, Boneya 
D, Campos-Nonato I, Castaneda-Orjuela C, 
Catala-Lopez F, Chiang P, Chibueze C, Chitheer 
A, Choi JY, Cowie B, Damtew S, das Neves J, 

mailto:szuyuanwu5399@gmail.com
mailto:szuyuanwu5399@gmail.com


MDT intervention improves survival in CRA-LLM

1895	 Am J Cancer Res 2018;8(9):1887-1898

Dey S, Dharmaratne S, Dhillon P, Ding E, 
Driscoll T, Ekwueme D, Endries AY, Farvid M, 
Farzadfar F, Fernandes J, Fischer F, TT GH, Ge-
bru A, Gopalani S, Hailu A, Horino M, Horita N, 
Husseini A, Huybrechts I, Inoue M, Islami F, Ja-
kovljevic M, James S, Javanbakht M, Jee SH, 
Kasaeian A, Kedir MS, Khader YS, Khang YH, 
Kim D, Leigh J, Linn S, Lunevicius R, El Razek 
HM, Malekzadeh R, Malta DC, Marcenes W, 
Markos D, Melaku YA, Meles KG, Mendoza W, 
Mengiste DT, Meretoja TJ, Miller TR, Moham-
mad KA, Mohammadi A, Mohammed S, Mora-
di-Lakeh M, Nagel G, Nand D, Le Nguyen Q, 
Nolte S, Ogbo FA, Oladimeji KE, Oren E, Pa M, 
Park EK, Pereira DM, Plass D, Qorbani M, Rad-
far A, Rafay A, Rahman M, Rana SM, Soreide 
K, Satpathy M, Sawhney M, Sepanlou SG, Shai-
kh MA, She J, Shiue I, Shore HR, Shrime MG, 
So S, Soneji S, Stathopoulou V, Stroumpoulis 
K, Sufiyan MB, Sykes BL, Tabares-Seisdedos R, 
Tadese F, Tedla BA, Tessema GA, Thakur JS, 
Tran BX, Ukwaja KN, Uzochukwu BS, Vlassov 
VV, Weiderpass E, Wubshet Terefe M, Yebyo 
HG, Yimam HH, Yonemoto N, Younis MZ, Yu C, 
Zaidi Z, Zaki ME, Zenebe ZM, Murray CJL and 
Naghavi M. Global, regional, and national can-
cer incidence, mortality, years of life lost, years 
lived with disability, and disability-adjusted life-
years for 32 cancer groups, 1990 to 2015: a 
systematic analysis for the global burden of 
disease study. JAMA Oncol 2017; 3: 524-548.

[3]	 Doubeni CA, Laiyemo AO, Major JM, Schoot-
man M, Lian M, Park Y, Graubard BI, Hollen-
beck AR and Sinha R. Socioeconomic status 
and the risk of colorectal cancer: an analysis of 
more than a half million adults in the national 
institutes of Health-AARP diet and health 
study. Cancer 2012; 118: 3636-3644.

[4]	 Doubeni CA, Major JM, Laiyemo AO, Schoot-
man M, Zauber AG, Hollenbeck AR, Sinha R 
and Allison J. Contribution of behavioral risk 
factors and obesity to socioeconomic differ-
ences in colorectal cancer incidence. J Natl 
Cancer Inst 2012; 104: 1353-1362.

[5]	 Klabunde CN, Cronin KA, Breen N, Waldron 
WR, Ambs AH and Nadel MR. Trends in colorec-
tal cancer test use among vulnerable popula-
tions in the United States. Cancer Epidemiol 
Biomarkers Prev 2011; 20: 1611-1621.

[6]	 Jemal A, Ward EM, Johnson CJ, Cronin KA, Ma 
J, Ryerson B, Mariotto A, Lake AJ, Wilson R, 
Sherman RL, Anderson RN, Henley SJ, Kohler 
BA, Penberthy L, Feuer EJ and Weir HK. Annual 
report to the nation on the status of cancer, 
1975-2014, featuring survival. J Natl Cancer 
Inst 2017; 109.

[7]	 Fleissig A, Jenkins V, Catt S and Fallowfield L. 
Multidisciplinary teams in cancer care: are 
they effective in the UK? Lancet Oncol 2006; 7: 
935-943.

[8]	 Robertson DJ, Stukel TA, Gottlieb DJ, Suther-
land JM and Fisher ES. Survival after hepatic 
resection of colorectal cancer metastases: a 
national experience. Cancer 2009; 115: 752-
759.

[9]	 Tomlinson JS, Jarnagin WR, DeMatteo RP, Fong 
Y, Kornprat P, Gonen M, Kemeny N, Brennan 
MF, Blumgart LH and D’Angelica M. Actual 10-
year survival after resection of colorectal liver 
metastases defines cure. J Clin Oncol 2007; 
25: 4575-4580.

[10]	 Adam R, Wicherts DA, de Haas RJ, Ciacio O, 
Levi F, Paule B, Ducreux M, Azoulay D, Bismuth 
H and Castaing D. Patients with initially unre-
sectable colorectal liver metastases: is there a 
possibility of cure? J Clin Oncol 2009; 27: 
1829-1835.

[11]	 Alberts SR, Horvath WL, Sternfeld WC, Gold-
berg RM, Mahoney MR, Dakhil SR, Levitt R, 
Rowland K, Nair S, Sargent DJ and Donohue 
JH. Oxaliplatin, fluorouracil, and leucovorin for 
patients with unresectable liver-only metasta-
ses from colorectal cancer: a north central 
cancer treatment group phase II study. J Clin 
Oncol 2005; 23: 9243-9249.

[12]	 Richardson B, Preskitt J, Lichliter W, Peschka 
S, Carmack S, de Prisco G and Fleshman J. The 
effect of multidisciplinary teams for rectal can-
cer on delivery of care and patient outcome: 
has the use of multidisciplinary teams for rec-
tal cancer affected the utilization of available 
resources, proportion of patients meeting the 
standard of care, and does this translate into 
changes in patient outcome? Am J Surg 2016; 
211: 46-52.

[13]	 Ye YJ, Shen ZL, Sun XT, Wang ZF, Shen DH, Liu 
HJ, Zhang WL, Chen YL, Zhou J, Poston GJ and 
Wang S. Impact of multidisciplinary team work-
ing on the management of colorectal cancer. 
Chin Med J (Engl) 2012; 125: 172-177.

[14]	 Mise Y, Imamura H, Hashimoto T, Seyama Y, 
Aoki T, Hasegawa K, Beck Y, Sugawara Y, 
Makuuchi M, Nakajima J and Kokudo N. Co-
hort study of the survival benefit of resection 
for recurrent hepatic and/or pulmonary metas-
tases after primary hepatectomy for colorectal 
metastases. Ann Surg 2010; 251: 902-909.

[15]	 Dohan D and Schrag D. Using navigators to im-
prove care of underserved patients: current 
practices and approaches. Cancer 2005; 104: 
848-855.

[16]	 Cook S, Fillion L, Fitch M, Veillette AM, Mathe-
son T, Aubin M, de Serres M, Doll R and Rain-
ville F. Core areas of practice and associated 
competencies for nurses working as profes-
sional cancer navigators. Can Oncol Nurs J 
2013; 23: 44-62.

[17]	 Hsu YH, Kung PT, Wang ST, Fang CY and Tsai 
WC. Improved patient survivals with colorectal 
cancer under multidisciplinary team care: a 



MDT intervention improves survival in CRA-LLM

1896	 Am J Cancer Res 2018;8(9):1887-1898

nationwide cohort study of 25,766 patients in 
Taiwan. Health Policy 2016; 120: 674-681.

[18]	 Chen CH, Wei PL, Hsieh MC, Lin EK, Chiou JF, 
Lu YJ and Wu SY. The outcomes of therapeutic 
decision in lower 3rd rectal cancer patients. 
Medicine (Baltimore) 2016; 95: e4638.

[19]	 Chen CH, Hsieh MC, Hsiao PK, Lin EK, Lu YJ 
and Wu SY. Tumor location is an independent 
predictive factor for distant metastasis and 
metastatic sites of rectal adenocarcinoma in 
patients receiving total mesorectal excision. J 
Cancer 2018; 9: 950-958.

[20]	 Munro A, Brown M, Niblock P, Steele R and 
Carey F. Do Multidisciplinary Team (MDT) pro-
cesses influence survival in patients with 
colorectal cancer? A population-based experi-
ence. BMC Cancer 2015; 15: 686.

[21]	 Catt S, Fallowfield L, Jenkins V, Langridge C 
and Cox A. The informational roles and psycho-
logical health of members of 10 oncology mul-
tidisciplinary teams in the UK. Br J Cancer 
2005; 93: 1092-1097.

[22]	 Mitry E, Fields AL, Bleiberg H, Labianca R, Port-
ier G, Tu D, Nitti D, Torri V, Elias D, O’Callaghan 
C, Langer B, Martignoni G, Bouche O, Lazorthes 
F, Van Cutsem E, Bedenne L, Moore MJ and 
Rougier P. Adjuvant chemotherapy after poten-
tially curative resection of metastases from 
colorectal cancer: a pooled analysis of two ran-
domized trials. J Clin Oncol 2008; 26: 4906-
4911.

[23]	 Folprecht G, Gruenberger T, Bechstein WO, 
Raab HR, Lordick F, Hartmann JT, Lang H, Frill-
ing A, Stoehlmacher J, Weitz J, Konopke R, 
Stroszczynski C, Liersch T, Ockert D, Herrmann 
T, Goekkurt E, Parisi F and Kohne CH. Tumour 
response and secondary resectability of 
colorectal liver metastases following neoadju-
vant chemotherapy with cetuximab: the CELIM 
randomised phase 2 trial. Lancet Oncol 2010; 
11: 38-47.

[24]	 Van Cutsem E, Kohne CH, Hitre E, Zaluski J, 
Chang Chien CR, Makhson A, D’Haens G, Pint-
er T, Lim R, Bodoky G, Roh JK, Folprecht G, Ruff 
P, Stroh C, Tejpar S, Schlichting M, Nippgen J 
and Rougier P. Cetuximab and chemotherapy 
as initial treatment for metastatic colorectal 
cancer. N Engl J Med 2009; 360: 1408-1417.

[25]	 Fennell ML, Das IP, Clauser S, Petrelli N and 
Salner A. The organization of multidisciplinary 
care teams: modeling internal and external in-
fluences on cancer care quality. J Natl Cancer 
Inst Monogr 2010; 2010: 72-80.

[26]	 Nordlinger B, Guiguet M, Vaillant JC, Balladur 
P, Boudjema K, Bachellier P and Jaeck D. Sur-
gical resection of colorectal carcinoma metas-
tases to the liver. A prognostic scoring system 
to improve case selection, based on 1568 pa-
tients. Association Francaise de Chirurgie. 
Cancer 1996; 77: 1254-1262.

[27]	 Salah S, Watanabe K, Welter S, Park JS, Park 
JW, Zabaleta J, Ardissone F, Kim J, Riquet M, 
Nojiri K, Gisabella M, Kim SY, Tanaka K and 
Al-Haj Ali B. Colorectal cancer pulmonary oligo-
metastases: pooled analysis and construction 
of a clinical lung metastasectomy prognostic 
model. Ann Oncol 2012; 23: 2649-2655.

[28]	 Engstrand J, Nilsson H, Stromberg C, Jonas E 
and Freedman J. Colorectal cancer liver metas-
tases - a population-based study on incidence, 
management and survival. BMC Cancer 2018; 
18: 78.

[29]	 Jang KU, Kim CW, Kim KH, Lim SB, Yu CS, Kim 
TW, Kim PN, Kim JH and Kim JC. Prognostic 
factors in terms of the number of metastatic 
nodules in patients with colorectal cancer liver 
metastases. Ann Coloproctol 2016; 32: 92-
100.

[30]	 Ye LC, Liu TS, Ren L, Wei Y, Zhu DX, Zai SY, Ye 
QH, Yu Y, Xu B, Qin XY and Xu J. Randomized 
controlled trial of cetuximab plus chemothera-
py for patients with KRAS wild-type unresect-
able colorectal liver-limited metastases. J Clin 
Oncol 2013; 31: 1931-1938.

[31]	 Adam R, Delvart V, Pascal G, Valeanu A, Casta-
ing D, Azoulay D, Giacchetti S, Paule B, Kun-
stlinger F, Ghemard O, Levi F and Bismuth H. 
Rescue surgery for unresectable colorectal liv-
er metastases downstaged by chemotherapy: 
a model to predict long-term survival. Ann Surg 
2004; 240: 644-657; discussion 657-648.

[32]	 Bengmark S and Hafstrom L. The natural his-
tory of primary and secondary malignant tu-
mors of the liver. I. The prognosis for patients 
with hepatic metastases from colonic and rec-
tal carcinoma by laparotomy. Cancer 1969; 
23: 198-202.

[33]	 Hsu CW, King TM, Chang MC and Wang JH. 
Factors that influence survival in colorectal 
cancer with synchronous distant metastasis. J 
Chin Med Assoc 2012; 75: 370-375.

[34]	 Okines A, Puerto OD, Cunningham D, Chau I, 
Van Cutsem E, Saltz L and Cassidy J. Surgery 
with curative-intent in patients treated with 
first-line chemotherapy plus bevacizumab for 
metastatic colorectal cancer First BEAT and 
the randomised phase-III NO16966 trial. Br J 
Cancer 2009; 101: 1033-1038.

[35]	 Michael M, Hedley D, Oza A, Feld R, Pintilie M, 
Goel R, Maroun J, Jolivet J, Fields A, Lee IM and 
Moore MJ. The palliative benefit of irinotecan 
in 5-fluorouracil-refractory colorectal cancer: 
its prospective evaluation by a multicenter Ca-
nadian trial. Clin Colorectal Cancer 2002; 2: 
93-101.

[36]	 Benoist S, Brouquet A, Penna C, Julie C, El Haj-
jam M, Chagnon S, Mitry E, Rougier P and Nor-
dlinger B. Complete response of colorectal liv-
er metastases after chemotherapy: does it 
mean cure? J Clin Oncol 2006; 24: 3939-
3945.



MDT intervention improves survival in CRA-LLM

1897	 Am J Cancer Res 2018;8(9):1887-1898

[37]	 Weeks JC, Catalano PJ, Cronin A, Finkelman 
MD, Mack JW, Keating NL and Schrag D. Pa-
tients’ expectations about effects of chemo-
therapy for advanced cancer. N Engl J Med 
2012; 367: 1616-1625.

[38]	 Grothey A, Hedrick EE, Mass RD, Sarkar S, Su-
zuki S, Ramanathan RK, Hurwitz HI, Goldberg 
RM and Sargent DJ. Response-independent 
survival benefit in metastatic colorectal can-
cer: a comparative analysis of N9741 and 
AVF2107. J Clin Oncol 2008; 26: 183-189.

[39]	 Siena S, Peeters M, Van Cutsem E, Humblet Y, 
Conte P, Bajetta E, Comandini D, Bodoky G, 
Van Hazel G, Salek T, Wolf M, Devercelli G, 
Woolley M and Amado RG. Association of pro-
gression-free survival with patient-reported 
outcomes and survival: results from a ran-
domised phase 3 trial of panitumumab. Br J 
Cancer 2007; 97: 1469-1474.

[40]	 Giessen C, Laubender RP, Ankerst DP, Stintz-
ing S, Modest DP, Mansmann U and Heine-
mann V. Progression-free survival as a surro-
gate endpoint for median overall survival in 
metastatic colorectal cancer: literature-based 
analysis from 50 randomized first-line trials. 
Clin Cancer Res 2013; 19: 225-235.

[41]	 Li J, Qin S, Xu R, Yau TC, Ma B, Pan H, Xu J, Bai 
Y, Chi Y, Wang L, Yeh KH, Bi F, Cheng Y, Le AT, 
Lin JK, Liu T, Ma D, Kappeler C, Kalmus J and 
Kim TW. Regorafenib plus best supportive care 
versus placebo plus best supportive care in 
Asian patients with previously treated meta-
static colorectal cancer (CONCUR): a ran-
domised, double-blind, placebo-controlled, 
phase 3 trial. Lancet Oncol 2015; 16: 619-
629.

[42]	 Le DT, Uram JN, Wang H, Bartlett BR, Kember-
ling H, Eyring AD, Skora AD, Luber BS, Azad NS, 
Laheru D, Biedrzycki B, Donehower RC, Zaheer 
A, Fisher GA, Crocenzi TS, Lee JJ, Duffy SM, 
Goldberg RM, de la Chapelle A, Koshiji M, Bhai-
jee F, Huebner T, Hruban RH, Wood LD, Cuka 
N, Pardoll DM, Papadopoulos N, Kinzler KW, 
Zhou S, Cornish TC, Taube JM, Anders RA, Es-
hleman JR, Vogelstein B and Diaz LA Jr. PD-1 
blockade in tumors with mismatch-repair defi-
ciency. N Engl J Med 2015; 372: 2509-2520.

[43]	 Dudley JC, Lin MT, Le DT and Eshleman JR. Mi-
crosatellite Instability as a Biomarker for PD-1 
Blockade. Clin Cancer Res 2016; 22: 813-820.

[44]	 Koopman M, Kortman GA, Mekenkamp L, Lig-
tenberg MJ, Hoogerbrugge N, Antonini NF, Punt 
CJ and van Krieken JH. Deficient mismatch re-
pair system in patients with sporadic advanced 
colorectal cancer. Br J Cancer 2009; 100: 266-
273.

[45]	 Douillard JY, Cunningham D, Roth AD, Navarro 
M, James RD, Karasek P, Jandik P, Iveson T, 
Carmichael J, Alakl M, Gruia G, Awad L and 
Rougier P. Irinotecan combined with fluoroura-

cil compared with fluorouracil alone as first-
line treatment for metastatic colorectal can-
cer: a multicentre randomised trial. Lancet 
2000; 355: 1041-1047.

[46]	 de Gramont A, Figer A, Seymour M, Homerin M, 
Hmissi A, Cassidy J, Boni C, Cortes-Funes H, 
Cervantes A, Freyer G, Papamichael D, Le Bail 
N, Louvet C, Hendler D, de Braud F, Wilson C, 
Morvan F and Bonetti A. Leucovorin and fluoro-
uracil with or without oxaliplatin as first-line 
treatment in advanced colorectal cancer. J Clin 
Oncol 2000; 18: 2938-2947.

[47]	 Choti MA, Sitzmann JV, Tiburi MF, Sumetchoti-
metha W, Rangsin R, Schulick RD, Lillemoe 
KD, Yeo CJ and Cameron JL. Trends in long-
term survival following liver resection for he-
patic colorectal metastases. Ann Surg 2002; 
235: 759-766.

[48]	 Biondi A, Grosso G, Mistretta A, Marventano S, 
Toscano C, Gruttadauria S and Basile F. Lapa-
roscopic-assisted versus open surgery for 
colorectal cancer: short- and long-term out-
comes comparison. J Laparoendosc Adv Surg 
Tech A 2013; 23: 1-7.

[49]	 Laparoscopically assisted colectomy is as safe 
and effective as open colectomy in people with 
colon cancer Abstracted from: Nelson H, Sar-
gent D, Wieand HS, et al; for the Clinical Out-
comes of Surgical Therapy Study Group. A 
comparison of laparoscopically assisted and 
open colectomy for colon cancer. N Engl J Med 
2004; 350: 2050-2059. Cancer Treat Rev 
2004; 30: 707-709.

[50]	 Brauer DG, Strand MS, Sanford DE, Kushnir 
VM, Lim KH, Mullady DK, Tan BR Jr, Wang-Gil-
lam A, Morton AE, Ruzinova MB, Parikh PJ, 
Narra VR, Fowler KJ, Doyle MB, Chapman WC, 
Strasberg SS, Hawkins WG and Fields RC. Util-
ity of a multidisciplinary tumor board in the 
management of pancreatic and upper gastro-
intestinal diseases: an observational study. 
HPB (Oxford) 2017; 19: 133-139.

[51]	 Lowes M, Kleiss M, Lueck R, Detken S, Koenig 
A, Nietert M, Beissbarth T, Stanek K, Langer C, 
Ghadimi M, Conradi LC and Homayounfar K. 
The utilization of multidisciplinary tumor 
boards (MDT) in clinical routine: results of a 
health care research study focusing on pa-
tients with metastasized colorectal cancer. Int 
J Colorectal Dis 2017; 32: 1463-1469.

[52]	 Engstrand J, Kartalis N, Stromberg C, Broberg 
M, Stillstrom A, Lekberg T, Jonas E, Freedman 
J and Nilsson H. The impact of a hepatobiliary 
multidisciplinary team assessment in patients 
with colorectal cancer liver metastases: a pop-
ulation-based study. Oncologist 2017; 22: 
1067-1074.

[53]	 Jung SM, Hong YS, Kim TW, Park JH, Kim JH, 
Park SH, Kim AY, Lim SB, Lee YJ and Yu CS. 
Impact of a multidisciplinary team approach 



MDT intervention improves survival in CRA-LLM

1898	 Am J Cancer Res 2018;8(9):1887-1898

for managing advanced and recurrent colorec-
tal cancer. World J Surg 2018; 42: 2227-2233.

[54]	 Li ZM, Peng YF, Du CZ and Gu J. Colon cancer 
with unresectable synchronous metastases: 
the AAAP scoring system for predicting the out-
come after primary tumour resection. Colorec-
tal Dis 2016; 18: 255-263.

[55]	 Miller G, Biernacki P, Kemeny NE, Gonen M, 
Downey R, Jarnagin WR, D’Angelica M, Fong Y, 
Blumgart LH and DeMatteo RP. Outcomes af-
ter resection of synchronous or metachronous 
hepatic and pulmonary colorectal metastases. 
J Am Coll Surg 2007; 205: 231-238.

[56]	 Cunningham D, Pyrhonen S, James RD, Punt 
CJ, Hickish TF, Heikkila R, Johannesen TB, 
Starkhammar H, Topham CA, Awad L, Jacques 
C and Herait P. Randomised trial of irinotecan 
plus supportive care versus supportive care 
alone after fluorouracil failure for patients with 
metastatic colorectal cancer. Lancet 1998; 
352: 1413-1418.

[57]	 Cox C, Chu H and Munoz A. Survival attribut-
able to an exposure. Stat Med 2009; 28: 
3276-3293.

[58]	 NCCN Clinical practice guidelines in oncology. 
2018. 



MDT intervention improves survival in CRA-LLM

1	

Figure S1. Kaplan-Meier curves for overall survival of patients with CRA-LLM receiving and not receiving MDT inter-
vention with curative-intent treatments. Note: P value of log-rank test is .062.


