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Background: Salvage palliative chemotherapy in metastatic colorectal cancer has been associated with
significant improvement in survival. However, not all patients receive all available therapies. Travel burden
can affect patient access and use of future therapy. The present study aims to determine relationship between
travel distance (TD) and salvage palliative chemotherapy in patients with metastatic colorectal cancer.
Method: A patient cohort diagnosed with metastatic colorectal cancer during 2006-2010 in the province
of Saskatchewan, Canada was studied. Logistic regression analyses were performed to assess relationship
between travel distance and subsequent line therapies.

Results: The median age of 264 eligible patients was 62 years [interquartile range (IQR): 53-72]. The
patients who received salvage systemic therapy had a median distance to travel of 60.0 km (IQR: 4.7-144)
compared with 88.1 km (IQR: 4.8-189) if they did not receive second- or third-line therapy (P=0.06). In
multivariate analysis distance to the cancer center <100 km, odds ratio (OR) 1.69 (95% CI: 1.003-2.84), no
metastasectomy, OR 1.89 (95% CI: 1.03-3.46), and absence of comorbid illness as per Charlson comorbid
index, OR 1.45 (95% CI: 1.19-1.77) were correlated with the use of second- and subsequent line therapies.
Conclusions: Our result revealed that travel distance to the cancer center greater than 100 km was
associated less frequent use of second or subsequent line therapies in patients with metastatic colorectal

cancer.

Keywords: Metastatic colorectal cancer; travel distance (TD); salvage chemotherapy; second-line therapy; rural

residence

Submitted Sep 30, 2017. Accepted for publication Nov 20, 2017.
doi: 10.21037/jg0.2017.12.01
View this article at: http://dx.doi.org/10.21037/jgo.2017.12.01

Introduction

Colon cancer is one of the most common cancers diagnosed
in Western countries. It is the third most common cancer
and second leading cause of cancer-related death in North
America (1). With the availability of several novel cytotoxic
and biological agents and the prevalence of hepatic and
lung metastasectomy and other liver-directed therapies
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over the past two decades, the survival rate of patients with
metastatic colorectal cancer has improved. Nevertheless,
there is a known disparity in cancer treatment and outcomes
in patients living with cancer (2). A longer distance to travel
for cancer care is known to be associated with less frequent
use of recommended services and could be a burden
to cancer patients (3-6). It has been shown that rural-
dwelling patients with colorectal cancer often travel long
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distances for their cancer care, with potential associated
burdens of time, cost and discomfort (7). Wasif and others
reported that travel distance was associated with differential
90-day and 5-year mortality rates in patients who undergo
surgical resection of gastrointestinal cancers (8). Likewise,
Massarweh and others using the National Cancer Database
demonstrated that increased travel distance was associated
with more advanced colorectal cancer stage at the time of
diagnosis (9). Evidence also showed a lower quality of life
among colorectal cancer survivors who live far from their
treating hospital (10).

Salvage cytotoxic and biological agents following
progression on a first-line anti-cancer regimen improves
the outcomes of patients in several advanced malignancies.
Results from randomized clinical trials have demonstrated
that salvage second- and third-line therapies in metastatic
colorectal cancer have been associated with significant
improvement in survival (1,11). Moreover, outcomes of
patients with metastatic colorectal cancer are better if they
are exposed to all available cytotoxic drugs during the course
of their disease (12). However, not all patients receive all
available therapies. Delays in starting treatment and travel
burden can affect patient access and use of future therapy.
Little is known about the relationship between travel
distance (TD) to the cancer center and salvage second- and
third-line therapies in metastatic colorectal cancer (CRC).
The study aims to determine the relationship between travel
distance to the cancer center with second- and subsequent
lines of therapies. We hypothesize that travel distance to the
cancer center affects access to second- and subsequent line
therapy in patients with advanced CRC.

Methods

The University of Saskatchewan’s Research Ethics Board
approved this study. The Ethics Board provided exemption
for the informed consent. We studied a cohort of patients
with metastatic colorectal cancer who were diagnosed
from January 2006 to December 2010 in the province of
Saskatchewan, Canada. Saskatchewan is a prairie province in
western Canada with an area of 651,900 square kilometers
and a population of approximately 1.1 million (13).
Patients with World Health Organization (WHO)
performance status of >1 and those who did not receive
chemotherapy were excluded. Travel distance was measured
by using driving distance based on Geographic Information
System (GIS) software. Survival of the study cohort was
estimated by using the Kaplan-Meier (KM) method. The
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survival distributions of different groups were compared
by the log-rank test. Based on the use of second- or third-
line therapy, the study cohort was divided into two groups.
Patients in group A received salvage second- or third-line
palliative chemotherapy, and patients in group B did not
receive second-line therapy. Logistic regression analyses
were performed to assess the relationships between various
clinical variables and salvage second- and third-line therapy.
The following variables were examined: distance travelled
to cancer center, age (<70 vs. >70), gender, Charlson
comorbid index, WHO performance status (<1 vs. 1),
blood urea nitrogen (BUN) (=8 vs. <8 mmol/L), albumin
(235 wvs. <35 g/L), bilirubin (>26 vs. <26 mmol/L), alkaline
phosphatase (=120 vs. <120 IU/L), hemoglobin (>120 vs.
<120 g/L), white blood cell (WBC) (=11 vs. <11x10°/L),
carcinoembryonic antigen (CEA) (=5 vs. <5 mcg/L), site
(colon ws. rectal), stage (IVA vs. IVB), symptomatic disease,
extra-hepatic metastases, resection of primary tumor, and
metastasectomy.

All variables with P value of <0.1 in univariate analyses
were fitted to a multivariable model to assess their
independent relationship with subsequent line chemotherapy.
In order to determine if the addition of an independent
variable add significantly to the association of use of salvage
therapy in the model, the likelihood ratio test and 7 test were
performed. A two-sided P value of <0.05 were considered
to be statistically significant. SPSS version 23.0 was used for
statistical analysis (SPSS Inc. Chicago, IL, USA).

Results

A total of 326 patients with synchronous metastatic
adenocarcinoma of the colon and rectum who received
first-line chemotherapy were identified. Of 326 patients,
62 patients who had a WHO performance status of >1 were
excluded. The median age of the 264 eligible patients was
62 years (IQR: 53-72). Sixty-one percent were male and 38%
had a WHO PS of 0. Mean Charlson score was 9.0£1.3. The
preferable first-line regimen in most patients was FOLFIRI
+ bevacizumab. Median TD was 64.4 km (IQR: 4.8-166).
Forty-three percent of patients had to travel >100 km
for their treatment (7able 1).

Of 264 patients, 144 (55%) in group A received salvage
(second- and third-line) systemic therapies and 120 (45%)
patients in group B did not receive further lines of therapy.
There was a significant difference between the two groups
with respect to age and comorbid illness. Patients who
received salvage palliative systemic therapy were younger and
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Table 1 Comparison of baseline characteristics of patients with stage 4 colorectal cancer who received second and subsequent line of treatment

versus no second-line therapy

Variables N='2I'Cét4al(% ) Ncir:):f (';: ) ’\ir :’;g (EZ) P value
Median age (IQR) 62 [53-72] 60 [52-69] 67 [59-74] <0.001
Age >70 86 [33] 36 [25] 50 [42] 0.005
Male 162 [61] 87 [60] 75 [63] 0.80
WHO performance status 0.09
0 101 [38] 62 [43] 39 [33]
1 163 [62] 82 [57] 81 [67]

Charlson score 9.0+1.3 8.7+1.3 9.3+1.27 <0.001
Median distance to travel (km) (IQR) 64.4 [4.8-166] 60.0 [4.7-144] 88.1 [4.8-189] 0.58
Distance =100 km 113 [43] 54 [38] 59 [49] 0.06
Mean albumin g/L 33.8+6.6 34.1+6.1 33.4+7.1 0.40
Mean alkaline phosphatase /L 184+203 195+228 171168 0.31
Mean bilirubin umol/L 12.4+15.7 13.0£17.7 11.7+13.1 0.49
Mean CEA 684+3603 49442195 91244776 0.37
Mean BUN 7.2+3.1 5.2+3.7 9.4+4.6 0.32
Mean hemoglobin g/L 124+16.6 125+17.2 124.4+15.9 0.67
Mean WBC 9.1+£7.08 8.9+2.8 9.3+10 0.67
Extra-hepatic disease 138 [52] 83 [58] 55 [46] 0.06
Liver metastases 206 [78] 110 [76] 96 [80] 0.55
Stage IVB 112 [42] 69 [48] 43 [36] 0.06
Received radiation 63 [24] 38 [26] 25 [21] 0.31
Symptomatic primary tumor 101 [38] 52 [36] 49 [41] 0.44

Group A*, patients who were treated with second- or third-line therapy; Group B*, patients who did not receive second line treatment; =,
standard deviation. IQR, interquartile range; WHO, World Health Organization; CEA, carcinoembryonic antigen; BUN, blood urea nitrogen;

WBC, white blood cell.

had a significantly lower Charlson comorbid index (7able I).
The patients who received salvage systemic therapy had
a median distance to travel of 60.0 km (IQR: 4.7-144)
compared with 88.1 km (IQR: 4.8-189) if they did not
receive second- or third-line therapy (P=0.58).

Median overall survival (OS) of the entire cohort was
23 months (95% CI: 20.1-25.8). Patients who did not
receive second- and other line of therapies had median
OS of 17 months (95% CI: 13.9-20.1) (Figure I). Patients
who received second-line therapy [mostly (5-Fluorouracil,
leucovorin, and oxaliplatin) FOLFOX] had a median
OS of 23 months (95% CI: 19.5-26.5), whereas patients
who received third-line therapy (anti-epidermal growth
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factor receptor monoclonal antibodies + irinotecan) had
median OS of 39 months (95% CI: 32.6-45.4) (Figure I).
In univariate analysis, older age, lower Charlson comorbid
index, WHO performance status of 0, distance to cancer
center <100 km, no metastasectomy, intact primary tumor
resection, and extrahepatic disease were significantly correlated
with the use of second- or third-line therapy (7able 2).
In multivariate analysis distance to the cancer center
<100 km, odds ratio (OR) 1.69 (95% CI: 1.003-2.84), no
metastasectomy, OR 1.89 (95% CI: 1.03-3.46), and absence
of comorbid illness as per Charlson comorbid index, OR 1.45
(95% CI: 1.19-1.77) were correlated with the use of second-
and subsequent line therapies (Table 3).
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Figure 1 Survival of patients with metastatic colorectal cancer who

received first-, second-, and third-line treatments.
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Discussion

Our results show that in patients with metastatic colorectal
cancer and good performance status, the distance to travel
correlated with differential use of second- and subsequent
line of treatment. Although patients who received second-
or third-line therapy were younger with a lower Charlson
comorbid index, when these variables were fitted to a
multivariate model, travel distance was independently
correlated with the use of subsequent lines of chemotherapy.
Opverall, a travel distance to the cancer center lower than
100 km was associated with a 69% likelihood of receiving a
second- or subsequent line of chemotherapy compared with
patients who had to travel a distance greater than 100 km.
In addition, unresectable metastatic disease, younger age,

Table 2 Univariate analysis of correlation between various clinical variables and use of second- and third-line chemotherapy

Variables QOdd ratio (95% confidence interval) P value
Age <70 2.14 (1.27-3.62) 0.004
Low Charlson comorbidity index 1.45 (1.19-1.77) <0.001
WHO performance status 0 1.57 (0.94-2.60) 0.08
Female gender 1.09 (0.66-1.80) 0.73
Colon cancer 1.17 (0.71-1.94) 0.53
Stage IVB 1.65 (1.003-2.71) 0.049
No metastasectomy 1.63 (0.93-2.88) 0.09
Intact primary tumor 1.16 (0.69-1.94) 0.58
Distance to cancer center <100 km 1.61 (0.99-2.64) 0.057
Asymptomatic primary tumor 1.22 (0.74-2.01) 0.43
Normal albumin 1.01 (0.62-1.64) 0.96
Alkaline phosphatase <120 1.14 (0.86-2.29) 0.17
Bilirubin 1.35 (0.43-4.25) 0.60
BUN 0.73 (0.29-1.87) 0.51
CEA >5 1.32 (0.75-2.33) 0.32
Extrahepatic metastases 1.61 (0.99-2.62) 0.056
Hemoglobin >120 g/L 1.44 (0.88-2.36) 0.15
Radiation 1.36 (0.77-2.42) 0.29
Normal WBC 1.29 (0.68-2.44) 0.45

WHO, World Health Organization; BUN, blood urea nitrogen; CEA, carcinoembryonic antigen; WBC, white blood cell.
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Variables Odd ratio (95% confidence interval) P value
No metastasectomy 1.89 (1.03-3.46) 0.03
Distance to cancer center <100 km 1.69 (1.003-2.84) 0.049
Low Charlson comorbid index 1.45 (1.19-1.77) 0.02
Age <70 1.06 (0.45-2.47) 0.89
WHO PS of 0 1.45 (0.85-2.47) 0.17
Stage IVB 1.50 (0.91-2.59) 0.10

WHO PS, World Health Organization performance status.

low burden of comorbid illnesses, WHO performance
status of 0, and stage IVB disease or having more than one
metastatic sites were correlated with use of second- or third-
line chemotherapy. Given that a baseline low performance
status can influence the duration of first-line chemotherapy
and subsequent treatment, we excluded patients with a
WHO performance status of 2 or greater.

There are several factors that potentially affect access
to salvage therapy such as decline in performance status,
previous treatment toxicity, skepticism about the benefit
of further chemotherapy, or refusal to continue further
treatment (14). Travel time is considered to be a direct cost
of cancer care that mainly affects patients and their families
(4,5). Repeated visits to the cancer center for assessment,
investigations, and cancer treatment make distance an
important factor for access and acceptance of treatment both
in the curative and non-curative settings (14). For example,
Lin and others using the National Cancer Database have
shown that an increased travel burden was associated with a
decreased likelihood of receiving adjuvant chemotherapy in
patients with stage III colon cancer, regardless of insurance
status (15). The association between travel distance and
the use of salvage second- and third-line chemotherapy has
not been adequately evaluated in patients with metastatic
advanced colorectal cancer. To our knowledge, this is the
first population-based study using individual patient data
that examined the relationship between travel burden and
the use of second- and third-line palliative chemotherapy in
patients with metastatic colorectal cancer.

Our results confirmed that second- and third-line
treatments can have a positive impact on survival and
showed that real world patients who were treated with
chemotherapy and received all available approved treatment
have a median survival of 39 months, which signifies the
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importance of addressing the factors related to distance to
travel, and this could influence early termination of active
cancer-directed therapy.

Our study has several limitations. For example, we do
not have information on physician or patient preferences
that could influence decisions regarding whether or not to
contemplate second-line therapy. Furthermore, we do not
have information on social determinants including social
support, education, and socio-economic status that could
potentially influence the decision to carry on palliative
chemotherapy. Hence, factors associated with less frequent
use of second-line and further lines of chemotherapy in
residents who were required to travel longer distances
remains unknown.

In summary, our results revealed that a longer travel
distance to the cancer center is associated with less frequent
use of second- or subsequent line therapies in patients with
metastatic CRC. Future studies are required to explore
factors related to travel distance that could potentially
affect under use of palliative chemotherapy in patients with
metastatic colorectal cancer.
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