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Abstract

BACKGROUND
Patients with right sided colorectal cancer are known to have a poorer prognosis
than patients with left sided colorectal cancer, whatever the cancer stage. To this
day, primary tumor resection (PTR) is still controversial in a metastatic, non
resectable setting.

AIM
To explore the survival impact of PTR in patients with metastatic colorectal cancer
(mCRC) depending on PTL.

METHODS

We retrospectively collected data from all consecutive patients treated for mCRC
at the Centre Georges Francois Leclerc Hospital. Univariate and multivariate Cox
proportional hazard regression models were used to assess the influence of PTR
on survival. We then evaluated the association between PTL and overall survival
among patients who previously underwent or did not undergo PTR. A propensity
score was performed to match cohorts.

RESULTS

Four hundred and sixty-six patients were included. A total of 153 (32.8%) patients
had unresected synchronous mCRC and 313 (67.2%) patients had resected
synchronous mCRC. The number of patients with right colic cancer, left colic
cancer and rectal cancer was respectively 174 (37.3%), 203 (43.6%) and 89 (19.1%).
In the multivariate analysis only PTL, PTR, resection of hepatic and or pulmonary
metastases and the use of oxaliplatin, EGFR inhibitors or bevacizumab
throughout treatment were associated to higher overall survival rates. Survival
evaluation depending on PTR and PTL found that PTR improved the prognosis of
both left and right sided mCRC. Results were confirmed by using a weighted
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propensity score.

CONCLUSION
In mCRC, PTR seems to confer a higher survival rate to patients whatever the
PTL.

Key Words: Colorectal cancer; Metastatic; Primary tumor resection; Chemotherapy;
Primary tumor location; Synchronous

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This article presents a large, real life, cohort of patients treated for a
metastatic colorectal cancer. Primary tumor resection in this setting is not a validated
systematic treatment. However, in our hospital, primary tumor resection is performed
widely. In our study, primary tumor resection was associated to higher overall survival
rates even in patients with a poor prognosis. We also looked at the impact of primary
tumor resection depending on primary tumor location. Primary tumor location had no
impact on the benefit provided by primary tumor resection.

Citation: Tharin Z, Blanc J, Charifi Alaoui I, Bertaut A, Ghiringhelli F. Influence of primary
tumor location and resection on survival in metastatic colorectal cancer. World J Gastrointest
Oncol 2020; 12(11): 1296-1310

URL: https://www.wjgnet.com/1948-5204/full/v12/i11/1296.htm
DOI: https://dx.doi.org/10.4251/wjgo.v12.i11.1296
INTRODUCTION

Colorectal cancer (CRC) is a major public health issue and stands as the third most
frequent cancer throughout the world with 1.8 million new cases diagnosed every
year. It is the second cause of cancer related death with, according to GLOBOCAN
estimates, 880000 deaths per year!"l. Between 20% and 30% of patients have metastases
at the time of diagnosis*”? which classifies them as stage IV CRC. It has been
established that primary tumor resection (PTR) and surgery of the metastases is a
necessity for patients presenting resectable metastases as it allows to cure 20% to 25%
of patients!’l. All resectable metastatic patients will undergo chemotherapy, in most
cases they will receive peri-operative chemotherapy relying on the association of 5
fluorouracil (5 FU) and oxaliplatinl.

For 75% to 90% of patients, the cancer is unresectable, and they will receive
palliative chemotherapy! . Recent data underlines that primary tumor location (PTL)
is one of the most important prognostic factors in our study population. Indeed, the
CALGB/SWOG 80405 found that survival was doubled for patients with left-sided
primary tumors vs those with right-sided primary tumors®l. This data was
corroborated by a meta-analysis that pooled all clinical trials, available up to October
2016, which assessed the impact of PTL in metastatic CRC (mCRC)!'".

For patients with unresectable metastases, PTR has not been validated as a
systematic treatment in randomized clinical trials. At present, whether the patient will
undergo PTR or not is decided in multidisciplinary reunions. This decision is based on
quality of life improvement and prevention of complications related to the primary
tumor for patients with unresectable metastases. In a recent analysis of the ARCAD
patient data base, patients with synchronous metastases and no PTR had a
significantly worse median overall survival (OS) (16.4 m) than patients with
synchronous metastases who underwent PTR [22.2 m; hazard ratio (HR): 1.60, 95%
carcinoembryonic antigen (CI): 1.43-1.78]!"l. Moreover, a meta-analysis of 21 studies,
including 44226 patients, found that patients who had PTR had a better OS than the
patients who received chemotherapy alone!*.

However, to our knowledge, the outcome of PTR in terms of OS depending on PTL
has never been evaluated.

The aim of this retrospective study, carried out at the Centre George Francgois
Leclerc Hospital in Dijon, was to evaluate if PTR allowed to improve the prognosis of
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either left or right mCRC.

MATERIALS AND METHODS
Study population

Data was collected retrospectively from all consecutive patients treated at the Centre
George Frangois Leclerc Hospital for synchronous mCRC between January 31st, 2000
and the December 20th, 2018. Patients were included regardless of their tumor burden,
of their resectability, of the treatments they had received (chemotherapy, molecular
targeted agents, PTR, lung and/or liver metastases resection, hyperthermic
chemotherapy). Patients were excluded if the PTL wasn’t specified in the medical file,
if the CRC wasn'’t the first or the only malignancy diagnosed or if it was appendicle
cancer.

Data collection

The following parameters were retrospectively collected in the patients” medical file:
Gender, age, performance status (PS), liver surgery or liver radiofrequency, lung
surgery or lung radiofrequency, PTR, PTL: Right colon/Left colon/rectum (right colon
cancers included right sided and transverse colon cancers ; Left colon cancers included
left sided and sigmoid cancers), number of metastatic sites, KRAS and BRAF
mutations, type of medical treatment, levels of lactate dehydrogenase (LDH),
carcinoembryonic antigen, leucocytes and alkaline phosphatase (ALP).

Statistical analyses

The primary endpoint was to evaluate whether the use of PTR allowed to improve the
prognosis of patients and if the benefit was correlated to PTL. All patients were
followed until either their death or the date of last follow-up prior to the March 31st,
2020. The primary end point was OS, which was defined as the interval between the
time of diagnosis of metastatic disease and the date of death as reported on medical
record. Survivors were censored at last follow-up.

The characteristics of the whole population are presented according to whether PTR
was performed and in function of PTL. Continuous variables were compared using
ANOVA or Kruskal-Wallis tests depending on the distribution of the data. Qualitative
variables were compared using either the y? test or the Fisher exact test.

The median follow-up was estimated using the reverse Kaplan Meier method. OS
was estimated using the Kaplan-Meier method, described using medians with its 95%
confidence interval (95%Cl), and compared using a log-rank test. Univariate Cox
regressions were performed to estimate HR with its 95%CI. The multivariate Cox
regression model was generated with all the variables with a P < 0.20 and with less
than 20% of missing data. The risks proportionality and log-linearity were verified for
each variable. Correlations between all variables were tested and, in case of correlated
variables, only one variable was included in the multivariate model. The interaction
between PTL and PTR was tested.

A propensity score was generated using a multivariate logistic regression and stood
as the likelihood of undergoing PTR. The inverse probability treatment weight was
used to balance clinical variables associated with PTR and to eliminate potential
selection biases. The weight allocated to patients who had undergone PTR was 1/PS
while the patients without PTR received a weight of 1/(1-PS). Then a weighted Cox
regression model was built using the same variables introduced in the raw Cox model.
Statistical analyses were performed using SAS® software version 9.4.

RESULTS

Characteristics of the patients

The data from 466 patients with synchronous mCRC was collected from the Centre
Georges Francois Leclerc Hospital database between January 31% 2000 and December
20% 2018.

The male gender was slightly predominant (54.7%) but not statistically significant.
The mean age was 64 years. PS was good for most patients with 83.6% of patients with
a 0 or 1 PS. The number of patients with right colic cancer, left colic cancer and rectal
cancer was respectively 174 (37.3%), 203 (43.6%) and 89 (19.1%). Three hundred and
thirteen (67.2%) patients had undergone PTR, 153 (32.8) patients had not been
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operated on. One hundred and thirty seven (29.6%) patients were treated for their
metastatic disease with curative intent with either liver and/or pulmonary surgery or
radiofrequency. RAS status was available for 356 patients (76.4%), 154 patients had a
RAS mutation. BRAF status was available for 294 patients (63.1%), 29 patients had a
BRAF mutation.

Patients” characteristics according to PTR status are summarized in Table 1. Age,
PTL, PS, lung metastases, ACE, LDH, leucocyte and ALP and surgery or
radiofrequency of lung and/or liver metastases were the significantly different
variables between the groups.

Patients’ characteristics depending on PTL are summarized in the supplementary
data (Supplementary Table 1). PS, number of metastatic sites, lung and peritoneum
metastases, KRAS and BRAF mutations, PTR, ALP levels, the use of EGFR inhibitors,
chemotherapy regimen and surgery or radiofrequency of lung and/or liver metastases
were the significantly different variables between the groups.

Association between PTR, PTL and survival

Median follow up was 8 years. As expected, we found that left sided colon cancers
were associated to a better OS than right sided colon cancers. Results shown in
Figure 1. As Kaplan Meier curves and Log Rank tests show that left colon cancers and
rectal cancers share similar prognosis, we decided to pool them for further analyses.
We found that patients who underwent PTR had higher OS rates than patients who
didn’t. Results shown in Figure 2A. The benefit of PTR in terms of OS was observed
regardless of PTR taking place before, primary PTR, or after the initiation of
chemotherapy, secondary PTR. Results shown in Figure 2B. As Kaplan Meier curves
and Log Rank tests show that synchronous patients with primary PTR and
synchronous patients with secondary PTR share similar prognosis, we decided to pool
them for further analyses.

Using a univariate Cox model, we tested the impact of each clinical variable on OS.
We found that left sided mCRC, a unique metastatic site, low levels of ACE, LDH,
leucocytes and ALP, PTR, resection of hepatic and/or pulmonary metastases in
curative intent, the use of intensive first line chemotherapy and the use of oxaliplatin,
EGER inhibitors or bevacizumab throughout treatment were associated to a better OS
(Table 2).

Using a multivariate COX model which only included variables with P < 0.2 on
univariate analysis and with less than 20% of missing data, we observed that only left
sided tumors, PTR, the use of oxaliplatin, EGFR inhibitors or bevacizumab throughout
treatment and resection of hepatic and/or pulmonary metastases in curative intent
were associated to higher OS rates. Harrell’s C statistic of the multivariate model is
0.75 which indicates a good discrimination quality of the model. To allow for potential
biases between patients who do and do not undergo PTR, we performed a weighted
propensity score to match both cohorts: 304 patients were retained. The weighted
multivariate COX model obtained similar results to the raw multivariate COX model.
Results shown in Forrest Plot shown in Figure 3A and B.

The interaction test carried out between PTR and PTL was not statistically
significant (P = 0.2426), thus suggesting that the positive effect of PTR is independent
of PTL. The improvement of the HR of OS when PTR was performed was observed
regardless of PTL. In the raw cohort, the one year survival rate for right sided tumors
went from 40.32% (28.15-52.17) without PTR to 80.93% (72.26-87.13) with PTR; for the
left sided tumors, it went from 73.26% (62.80-81.21) without PTR to 91.54% (86.75-
94.66) with PTR. Similar results were observed in the weighted cohorts. Results shown
in Figure 4A and B.

DISCUSSION

This retrospective study is in line with previous studies and supports the idea that
PTR improves OS in patients with mCRC and suggests that PTR could be important in
disease control of both left and right sided mCRC.

Many articles on PTR in mCRC have been published in the last 20 years. In the early
2000’s, Cook et al”l published the first article based on data extracted from a national
prospective database in the United States, The Surveillance, Epidemiology and End
Results where 26754 patients were included. Patients who underwent PTR had an
improved survival”. In 2014, Ahmed etal"™ Published the first prospective
observational study, designed to compare OS depending on PTR in patients with
mCRC. All the results are in favor of PTR regardless of other important prognostic
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Table 1 Patients’ characteristics according to primary tumor resection status

Total PTR No PTR P value

Age 0.0065

n 466 313 153

Mean (std) 64.0 (11.6) 63.0 (11.1) 66.1 (12.4)

Median [min-max] 65.0 (24.0-92.0) 63.0 (29.0-90.0) 67.0 (24.0-92.0)

Gender 0.9563

Male 255 (54.7%) 171 (54.6%) 84 (54.9%)

Female 211 (45.3%) 142 (45.4%) 69 (45.1%)

Primary tumor location 0.0010

Left colon + sigmoid 203 (43.6%) 153 (48.9%) 50 (32.7%)

Right colon + transverse colon 174 (37.3%) 112 (35.8%) 62 (40.5%)

Rectum 89 (19.1%) 48 (15.3%) 41 (26.8%)

PS 0.0296

0-1 300 (83.6%) 202 (86.7%) 98 (77.8%)

2-4 59 (16.4%) 31 (13.3%) 28 (22.2%)

Missing values 107 80 27

Number of metastatic sites 0.1080

1 283 (60.7%) 200 (63.9%) 83 (54.2%)

2 133 (28.5%) 84 (26.8%) 49 (32.0%)

>2 50 (10.7%) 29 (9.3%) 21 (13.7%)

Metastatic sites

Liver 0.9689

No 89 (19.2%) 60 (19.2%) 29 (19.1%)

Yes 375 (80.8%) 252 (80.8%) 123 (80.9%)

Missing values 2 1 1

Lung 0.0206

No 342 (73.9%) 240 (77.2%) 102 (67.1%)

Yes 121 (26.1%) 71 (22.8%) 50 (32.9%)

Missing values 3 2 1

Peritoneum 0.8377

No 356 (76.9%) 240 (77.2%) 116 (76.3%)

Yes 107 (23.1%) 71 (22.8%) 36 (23.7%)

Missing values 3 2 1

Other 0.2531

No 361 (78.1%) 247 (79.7%) 114 (75.0%)

Yes 101 (21.9%) 63 (20.3%) 38 (25.0%)

Missing values 4 3 1

KRAS mutation 0.5956

No 202 (56.7%) 143 (57.7%) 59 (54.6%)

Yes 154 (43.3%) 105 (42.3%) 49 (45.4%)

Missing values 110 65 45

BRAF mutation 0.3218
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No

Yes

Missing values
CEA

<200

>200

Missing values
LDH

<254

> 254

Missing values
Leukocytes > 10000
No

Yes

Missing values
Alkaline phosphatase > 300
No

Yes

Missing values
Oxaliplatin

No

Yes

5 FU or capecitabine
No

Yes

Irinotecan

No

Yes

Missing values
Bevacizumab

No

Yes

Missing values
EGER inhibitors
No

Yes

Missing values

1st line chemotherapy regimen
Mono-chemotherapy
Bi-chemotherapy
Tri- chemotherapy

Missing values

Lung or Liver surgery or radio-frequency
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265 (90.1%)
29 (9.9%)

172

251 (68.6%)
115 (31.4%)

100

175 (53.2%)
154 (46.8%)

137

256 (70.9%)
105 (29.1%)

105

261 (77.9%)
74 (22.1%)

131

35 (7.5%)

431 (92.5%)

3(0.6%)

463 (99.4%)

105 (22.6%)
360 (77.4%)

1

150 (32.4%)
313 (67.6%)

3

267 (57.5%)
197 (42.5%)

2

48 (10.4%)
326 (70.6%)
88 (19.0%)

4
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188 (91.3%)
18 (8.7%)

107

177 (75.3%)
58 (24.7%)

78

130 (62.2%)
79 (37.8%)

104

175 (76.8%)
53 (23.2%)

85

179 (83.6%)
35 (16.4%)

99

21 (6.7%)

292 (93.3%)

2(0.6%)

311 (99.4%)

64 (20.5%)
248 (79.5%)

1

95 (30.4%)
217 (69.6%)

1

174 (55.8%)
138 (44.2%)

1

32 (10.3%)
216 (69.7%)
62 (20.0%)

3
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77 (87.5%)
11 (12.5%)

65

74 (56.5%)
57 (43.5%)

22

45 (37.5%)
75 (62.5%)

33

81 (60.9%)
52 (39.1%)

20

82 (67.8%)
39 (32.2%)

32

14 (9.2%)

139 (90.8%)

1(0.7%)

152 (99.3%)

41 (26.8%)
112 (73.2%)

0

55 (36.4%)
96 (63.6%)

2

93 (61.2%)
59 (38.8%)

1

16 (10.5%)
110 (72.4%)
26 (17.1%)

1

0.0002

<0.0001

0.0014

0.0008

0.3478

1.0000

0.1278

0.1978

0.2681

0.7568

<0.0001
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No
Yes

Missing values

326 (70.4%) 178 (57.4%) 148 (96.7%)
137 (29.6%) 132 (42.6%) 5 (3.3%)
3 3 0

PTR: Primary tumor resection; PS: Performance status; CEA: Carcinoembryonic antigen; LDH: Lactate dehydrogenase; EGDR: Epidermal growth factor.
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factors such as: Age, PS, comorbid illness and chemotherapy. However, many
confounding factors could have influenced and biased these results.

More recently, using an Instrumental Variable analysis based on the annual
hospital-levels of PTR rates, Alawadi ef al"l underlined in a large united states cohort
that survival benefit linked to PTR is mainly related to inclusion biases and therefore
do not recommend it in a non-resectable metastatic setting. A Japanese group
reported, at the ASCO GI this year, the first clinical trial designed to evaluate the
impact of primary PTR, in patients with unresectable mCRC. The study cohort only
included 160 patients out of the 758 patients initially planned: 78 patients were
assigned to the PTR + chemotherapy group, 83 were assigned to the chemotherapy
alone group. They found that PTR followed by chemotherapy had no survival benefit
over chemotherapy alone with respectively a 25.9 mo and 26.7 mo OS [hazard ratio:
1.10 (0.76-1.59), one-sided P = 0.69]1""1.

In contrast, in our study, the multivariate Cox proportional analysis and weighted
Cox proportional analyses were operated on the known bad prognostic risk factors in
order to evaluate, independently, the association between survival and PTR. In these
models, we continued to observe a strong association between PTR and prognosis.

Nevertheless, PTR in patients with unresectable mCRC cancer stays controversial.
Indeed, the results of the studies encouraging PTR are thought to be biased by
confounding factors such as age, PS, metastases resectability. One of the main
arguments against PTR is the risk of post-operative complications and therefore
delayed chemotherapy!l. However, in our study, regardless of its limitations, PTR is
associated to an increased OS independently of the known bad prognostic risk factors
and chemotherapy treatment. Our study also shows that PTR is associated to better
outcomes in both left and right sided mCRC.

The limits to our study are of course its retrospective design and the mono centric
recruitment. However, we studied a large cohort of unselected patients and our results
in terms of outcome and population are very similar to the results observed in clinical
trials testing new strategies in mCRC*'"! or in studies evaluating survival in mCRC",
Other limitations to our study are that it compares a heterogeneous population of
patients in terms of tumor burden and that there is a statically significant difference
when it comes to PTR between our groups. However, the aim of the propensity score
was to balance the disparities observed within our population. The last limitation to
our study is that the reason behind the decision of PTR was not recorded and we
therefore cannot exclude a confounding factor.

CONCLUSION

Our results support that PTR could be associated to OS improvement in patients with
mCRC regardless of PTL. Our findings indicate a possible argument to promote
surgical treatment for this category of patients. Such data needs to be validated in
prospective clinical trials.
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HR 95%Cl Pvalue
Age n =466 0.0714
> 65 yr vs < 65 yr 1.209 [0.984-1.485]
Gender n =466 0.3701
Female vs male 1.099 [0.894-1.350]
Tumor location n =466 0.0022
Rectum s left colon + sigmoid 1.019 [0.767-1.355]
Right colon + transverse colon vs Left colon + sigmoid 1.464 [1.16-1.841]
Number of metastatic sites n =466 0.0035
2vs1 1.219 [0.965-1.539]
>20vs1 1.749 [1.245-2.455]
Number of metastatic sites n =466 0.0084
22vs1 1.328 [1.076-1.641]
Liver metastases n =464 0.8836
Yes vs No 1.020 [0.782-1.330]
Lung metastases n =463 0.6435
Yes vs No 1.057 [0.835-1.338]
Peritoneum metastases n =463 0.0619
Yes vs No 1.260 [0.989-1.606]
Other metastases n =462 0.0114
Yes vs No 1.377 [1.075-1.765]
KRAS mutation n =356 0.0696
Yes vs No 1.256 [0.982-1.606]
BRAF mutation n=29% <0.0001
Yes vs No 2.276 [1.511-3.429]
CEA n =366 < 0.0001
> 200 vs < 200 1.654 [1.290-2.120]
LDH n =329 < 0.0001
> 254 vs < 254 2.022 [1.574-2.596]
Leukocytes > 10000 n =361 0.0016
Yes vs No 1.506 [1.168-1.941]
Alkaline phosphatase > 300 n =335 <0.0001
Yes vs No 2.272 [1.713-3.014]
PTR n =466 <0.0001
Yes vs No 0.313 [0.250-0.392]
Oxaliplatin n =466 <0.0001
Yes vs No 0.361 [0.248-0.524]
Irinotecan n =465 0.112
Yes vs No 0.807 [0.619-1.051]
5 FU or Capecitabine n =466 0.2869
Yes vs No 0.539 [0.173-1.682]
Bevacizumab n =463 0.0117
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Yes vs No 0.750
EGER inhibitors n =464
Yes vs No 0.769
1rst line chemotherapy regimen n =462
Bi-chemotherapy vs Mono-chemotherapy 0.682
Tri-chemotherapy vs Mono-chemotherapy 0.543
Lung or liver surgery or radio-frequency n =463
Yes vs No 0.302

[0.599-0.938]

[0.625-0.946]

[0.496-0.937]

[0.368-0.799]

[0.235-0.388]

0.0129

0.0080

<0.0001

HR: Hazard ratio; CI: Carcinoembryonic antigen; CEA: Carcinoembryonic antigen; LDH: Lactate dehydrogenase; PTR: Primary tumor resection; 5 FU: 5

fluorouracil; EGFR: Epidermal growth factor.
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Survival rates [95%CI]
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Figure 1 Survival depending on primary tumor location.
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Figure 2 Survival and primary tumor resection. A: Survival depending on primary tumor resection; and B: Survival according to timing of primary tumor

resection.
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Figure 3 Forrest plot raw and weighted Cox model. A: Forrest plot raw multivariate Cox model; and B: Forrest plot weighted multivariate Cox model.
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Figure 4 Survival depending on primary tumor resection and primary tumor location. A: Survival depending on primary tumor resection and primary
tumor location, raw cohort; and B: Survival depending on primary tumor resection and primary tumor location, weighted cohort.
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ARTICLE HIGHLIGHTS

Research background
Patients with right sided colorectal cancer (CRC) are known to have a poorer
prognosis than patients with left sided tumors and primary tumor resection (PTR) is

controversial whatever the primary tumor location (PTL).

Research motivation
Results concerning PTR in unresectable metastatic colorectal cancer (mCRC) are non-
consensual and PTR is not a standard practice. To our knowledge, the outcome of PTR
in terms of overall survival (OS) depending on tumor sidedness has never been
evaluated.

Research objectives
This study aimed to explore the survival impact of PTR in patients with mCRC
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depending on PTL.

Research methods

We retrospectively collected data from all consecutive patients treated for mCRC at the
Centre Georges Francois Leclerc Hospital. Univariate and multivariate Cox
proportional hazard regression models were used to assess the influence of PTR on
survival. We then evaluated associations between PTL and OS among patients who
previously underwent or did not undergo PTR. A propensity score was performed to
match cohorts.

Research results

Four hundred and sixty-six patients were included. A total of 153 (32.8%) patients had
unresected synchronous mCRC and 313 (67.2%) patients had resected synchronous
mCRC. The number of patients with right colic cancer, left colic cancer and rectal
cancer was respectively 174 (37.3%), 203 (43.6%) and 89 (19.1%). In the multivariate
analysis only PTL, PTR, resection of hepatic and or pulmonary metastases and the use
of oxaliplatin, EGFR inhibitors or bevacizumab throughout treatment were associated
to higher OS rates. Survival evaluation depending on PTR and PTL found that PTR
improved the prognosis of both left and right sided unresectable mCRC. Results were
confirmed by using a weighted propensity score.

Research conclusions
In mCRC, PTR seems to confer higher survival rates whatever the PTL.

Research perspectives
These results are in favor of PTR for patients treated for a mCRC but would need to be
supported by a large scale, prospective trial.
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