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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 [Cl], 0.40-0.92; P = .019),
0.19 (95% Cl, 0.12-0.32; P = .001), 0.25 (95% Cl, 0.13-0.50; P = .001), and 0.40 (95% Cl, 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.
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Introduction sionals involved, an enormous potential for

poor coordination and miscommunication ex-

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-

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,
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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, 7™ 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

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



MDT intervention improves survival in CRA-LLM

Table 1. Characteristics of patients with CRA-LLM receiving and not
receiving MDT intervention

No MDT MDT P
(N = 86) (N=175) 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
<5cm 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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Table 2. Univariate cox proportional hazard regression analysis of
death risk among patients with CRA-LLM

HR 95% Cl vaIIDue
MDT
Yes (Ref.) 1.949 1.299-2.924 .001
No
Neoadjuvant CT
Yes (Ref.) 4529 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
<5cm
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; Cl, confidence interval; CT,
chemotherapy. Contemporary regimens: irinotecan, oxaliplatin, bevacizumab, cetux-
imab, regorafenib, trifluridine-tipiracil, pembrolizumab, or nivolumab.

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

1890 Am J Cancer Res 2018;8(9):1887-1898



MDT intervention improves survival in CRA-LLM

Table 3. Multivariate cox proportional hazard regression analysis of

death risk among patients with CRA-LLM

HR* 95% Cl 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
<5cm

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; Cl, 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-
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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%
Cl, 0.13-0.50; P=.001), and
0.40 (95% ClI, 0.25-0.65; P =
.001), respectively.

Overall survival rates

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-
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Table 4. Survival rate of population in MDT and Non-MDT groups

No MDT MDT
P value

little demonstrable advantage to
patients with early-stage CRC
[20]. These results call into ques-

intervention (%) intervention (%)

1-year overall survival 53.45 74.52
3-year overall survival 24.21 48.75

< .001 tion the current belief that all
< 001 new patients with CRC should be
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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.

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
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evaluated at an MDT meeting
[20]. Furthermore, a review arti-
cle demonstrated that effective
MDT intervention is scarce [7]
2MDT because ethnic cultural differ-
- 1 censored . . . .
2 censored 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].

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
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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-
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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
[24]. 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

1894

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



