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Abstract

Aim—The objective was to determine trends in the use of chemotherapy as the initial treatment
and evaluate the comparative effectiveness of initial chemotherapy versus resection of the primary
tumour on survival (intention-to-treat analysis) in stage 1V colorectal cancer (CRC).

Methods—This cohort study used Surveillance Epidemiology, and End Results (SEER)-
Medicare (2000-2011) data, including patients =66 years presenting with stage IV CRC. Cox
proportional hazards models and instrumental variable analysis were used to determine the
association of chemotherapy versus resection of the primary tumour as the initial treatment with 2-
year survival.

Results—The use of chemotherapy as the first treatment increased over time, from 26.8% in
2001 to 46.9% in 2009 (p<0.0001). The traditional Cox model showed that chemotherapy as the
initial treatment was associated with the higher risk of mortality (HR, 1.35; 95% CI, 1.27-1.44).
When accounting for known and unknown confounders in an instrumental variable analysis,
chemotherapy as the initial treatment suggested benefit on 2-year survival (HR, 0.68; 95% ClI,
0.44-1.04); however, the association did not reach statistical significance. The study findings were
similar in six subgroup analysis.

Conclusions—The use of chemotherapy as the initial therapy increased substantially in the last
decade. Instrumental variable analysis found that chemotherapy as the initial treatment offers
similar or better 2-year survival in patients with stage IV CRC. Given the morbidity and mortality
associated with colorectal resection in elderly patients, chemotherapy provides an option to
patients who are not good candidates for resection.
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INTRODUCTION

Colorectal cancer (CRC) is the second leading cause of cancer-related death in the U.S [1].
20 — 30% of patients present with stage 1V disease, of which nearly two-thirds are
considered unresectable, including inability to achieve negative margins (RO resection) on
the primary tumor and/or inability to resect all radiographically and clinically visible
metastatic disease. (unable to resect all gross disease) [2]. Historically, stage IV disease was
managed with surgical removal of the primary tumour to prevent complications such as
obstruction, bleeding, and perforation. The introduction of oxaliplatin or irinotecan in
chemotherapy regimens in the 2000s has improved tumor response and survival in stage 1V
disease, triggering changes in treatment paradigms [3-5].

Starting in 2006, the National Comprehensive Cancer Network (NCCN) guidelines
recommend systemic therapy as the initial treatment in patients with unresectable metastatic
disease [6]. For resectable stage IV disease, the NCCN recommends a multimodality
approach of both systemic therapy and surgical resection of the primary tumor and
metastatic disease; in this “curative” setting, the recommendations suggest systemic therapy
can be delivered before or after surgery [7]. Current guidelines, however, are not based on
level | evidence, and considerable debate remains regarding the best initial treatment for
resectable and unresectable synchronous metastatic CRC (systemic therapy vs. resection of
the primary tumour +/— metastases) [8-13].

Our goal was to evaluate population-based trends in the use of chemotherapy as the initial
treatment and to compare the effectiveness of chemotherapy versus resection of the primary
tumor as the initial treatment on survival (intention-to-treat analysis) in older patients with
stage IV CRC and asymptomatic primary tumors. We hypothesized significant confounding
by indication and, therefore, used both traditional multivariable models and instrumental
variable analysis to control for unmeasured confounding.

METHODS

Data Source

We used the Surveillance Epidemiology and End Results (SEER)-Medicare linked database
from 2000 to 2011. Medicare files used for this study included the Denominator file
(demographics and eligibility), the Medicare Provider Analysis and Review (MedPAR) file,
the Carrier claim file, and the Outpatient Standard Analytical File.

Study Cohort

We studied older patients (age =66 years) with histologically confirmed stage IV CRC from
2001 to 2009 who were continuously enrolled in Medicare and received treatment (either

Colorectal Dis. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mehta et al.

Treatment

Outcome

Covariates

Page 3

chemotherapy or resection) for CRC. We excluded the following: 1) patients who received
emergency or urgent resection of the primary tumour as identified from the MedPAR file; 2)
patients with symptomatic tumour defined as those with a primary diagnosis of bleeding,
perforation, obstruction or septic shock; and 3) patients with missing health service area
(HSA) information or those in HSAs having less than 15 patients.

The primary variable of interest was the use of chemotherapy or resection of the primary
tumor as the initial treatment. Chemotherapy was identified using Healthcare Common
Procedure Coding System (HCPCS) Codes, International Classification of Diseases, Ninth
Revision Clinical Modification (ICD-9-CM) procedure and diagnosis codes, J codes, and
revenue center codes (Appendix 1). Resection of the primary tumor was identified using
ICD-9-CM procedure and Current Procedural Terminology, Fourth Edition (CPT-4) codes
for colorectal resections (Appendix 1). We determined the date of first chemotherapy use
and/or date of resection of the primary tumor. Whichever was earlier was considered the
initial treatment.

The primary outcome measure was 2-year cancer-specific survival from the date of initial
treatment as the 5-year survival rate for stage 1V colorectal cancer is low (12.5%) and
current chemotherapy mainly improves the 2-year survival rate [1,4]. Furthermore, the study
used an intention-to-treat analysis approach to compare the initial treatment modality.

Covariates were selected based on prior studies and clinical knowledge. We included age,
sex, race/ethnicity, Medicare/Medicaid dual eligibility status, SEER region, year of
diagnosis, cancer type, resection of metastatic disease (metastasectomy), Charlson
comorbidity score and function-related indicators. All covariates were assessed in a year
prior the cancer diagnosis date. Metastasectomy was defined as liver or pulmonary resection
and identified using CPT and ICD-9-CM procedure codes (Appendix 1). Comorbidity was
assessed using the Charlson comorbidity score [14,15]. To capture functional status of
patients, we included the following indicators: mobility, blood transfusion, oxygen use,
sepsis, malnutrition, fall-related injury and syncope [16]. Multimodality therapy (i.e.,
patients who received chemotherapy then resection of the primary tumor or vice versa),
metastasectomy, and receipt of radiation were included as time-dependent covariates.

Descriptive Analysis

Descriptive statistics were used to describe the study cohort. A Cochran-Armitage test for
trend was used to evaluate time trends. Baseline covariates between the two treatment
groups were compared using standardized difference scores. Unlike t-test or chi-square test,
the standardized difference is not affected by sample size and can be used to compare
baseline characteristics between two groups. A standardized difference of 0.2 (or 20%)
indicates a small effect size and comparability between two groups [17,18]. The Kaplan-
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Meier method was used to determine the unadjusted survival time curve for two treatment
groups.

Cox Proportional Hazards Regression Analysis

First, we constructed unadjusted Cox proportional hazards regression models to determine
the association of initial treatment with survival. Then, a multivariable Cox proportional
hazards regression, which only controls for measured confounding, was used to evaluate the
association between initial treatment and survival after adjusting for potential confounders.

Instrumental Variable Analysis

Instrumental variable analysis is a useful method to control for selection bias and
unmeasured confounding in observational comparative effectiveness research studies [19,
20]. In our study there were multiple potential sources of unmeasured confounding. Patients
receiving chemotherapy first may have had a greater burden of metastatic disease and been
sicker than those who underwent initial surgery. A patient’s likelihood of receiving
chemotherapy first may be determined by Eastern Cooperative Oncology Group (ECOG) or
Karnofsky performance status (KPS). However, these variables are not captured in the
SEER-Medicare data, making it difficult to estimate the true effect of treatment on the
outcome. We used the percentage of those receiving initial chemotherapy within the HSA as
the instrumental variable. This instrumental variable has been used in previous comparative
effectiveness studies [21, 22]. It acts as a natural randomization of patients to regional HSA-
based treatment groups that determine the likelihood of receiving the chemotherapy as the
initial treatment [20-22]. Thus, instrumental variable analysis exploits the natural variation
in treatment choice and uses that to control for unmeasured confounding [20]. A good
instrument should affect treatment, should be unrelated to patient characteristics, and should
be related to the outcome only through its association with treatment [19]. We used the
partial F-test to confirm that the instrument is strongly correlated with the treatment. An F-
statistic more than 10 suggests that the instrument is strong. To confirm that the instrument
is not related to outcome through patient characteristics we evaluated the balance of
covariates across the level of the instrument (below and above the median value of an
instrumental variable). We used the two-stage residual inclusion (2SRI1) method for
instrumental variable analysis [23]. We performed the following sensitivity analyses: (i) by
including colon cancer patients only, (ii) stratified analysis by age group (above and below
75 years) to determine the role of age, (iii) by time period (2001-2004 and 2005-2009), and
(iv) by excluding patients who underwent resection of metastatic disease. We used
Bonferroni correction method with a significance level of 0.0083 (0.05/6) to adjust for
multiplicity while performing subgroup analysis.

All analyses were performed using SAS version 9.4 (SAS Inc., Cary, NC). Statistical
significance was accepted at the p<0.05 level. The Institutional Review Board at the
University of Texas Medical Branch exempted the study from review.
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RESULTS

Cohort Description and Baseline Characteristics

The final cohort included 6,368 patients (Figure 1). The mean age of the cohort was
76.0+6.5 years, 50.9% were female, and 85.4% were non-Hispanic white. As the initial
treatment, 2,216 (34.8%) received chemotherapy and 4,152 (65.2%) underwent resection of
the primary tumor. The median time from diagnosis to receipt of first treatment was 33 days
(interquartile range, 21-49 days). Patients who received chemotherapy as the initial
treatment were more likely to be younger, have rectal cancer as primary cancer and be less
likely to undergo metastasectomy compared to those who received resection first (Table 1).

The use of chemotherapy as the initial treatment increased from 26.8% in 2001 to 46.9% in
2009 (p<0.0001). In rectal cancer, initial chemotherapy increased from 41.4% in 2001 to
59.8% in 2009 (p<0.0001); in colon cancer, it increased from 23.0% to 43.6% (p<0.0001,
Figure 2). Overall, 45.1% (n=2875) of patients received multimodality therapy, with 16.4%
(n=363) of patients who initially received chemotherapy having subsequent surgical
resection and 60.5% (n=2,512) of patients who underwent initial resection receiving
subsequent chemotherapy. Among patients who received chemotherapy as the initial
treatment (n=2,216), 3.9% underwent subsequent emergency or urgent resection in the 2-
year follow-up period. Patients who underwent resection of the primary tumor as the initial
treatment in 2007 to 2009 (n=1,646) were more likely to be older and have higher Charlson
comorbidity scores compared to patients who underwent resection in 2001 to 2003
(n=1,011); for all other characteristics, both groups were similar.

In the unadjusted Kaplan-Meier analysis, the overall 2-year survival was better in patients
who received resection of the primary tumor as the first treatment compared to
chemotherapy (Figure 3). Similar results were found for a subset of patients with colon
cancer only (Appendix 2).

Multivariable Cox Regression

In the unadjusted analysis, chemotherapy as the initial treatment was associated with a 35%
higher risk of 2-year mortality (HR, 1.35; 95% CI, 1.27-1.44). This association was
attenuated to 26%; however, it remained significant, after controlling for all confounders in a
multivariable Cox proportional hazards regression model (HR, 1.26; 95% CI, 1.16 —-1.36)
(Table 2).

Instrumental Variable Analyses

The percentage use of chemotherapy as the initial treatment ranged 10%—-80.6% across 100
HSAs (Appendix 3). The F-statistics was 62.4, indicating that the instrument was strongly
correlated with the treatment. In addition to the balance of baseline characteristics across the
level of exposure, Table 1 also demonstrates the balance of baseline characteristics above
and below the median value of the instrumental variable (36%). In the original cohort,
substantial imbalance existed between treatment groups, suggesting strong selection bias in
the receipt of initial treatment. When patient characteristics were compared using the median
level of the instrumental variable, the standardized difference was attenuated (<0.20 for all
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variables). All variables were also well-balanced across the level of instrumental variable
quintiles (Appendix 4). The instrumental variable analysis that accounted for both known
and unknown confounders found that patients receiving chemotherapy as the initial
treatment had lower risk of mortality (HR, 0.68; 95% CI, 0.44-1.04) compared to those
undergoing resection of the primary tumor as the initial treatment; however, the association
approached but did not reach statistical significance (Table 2).

Sensitivity Analyses

Results were similar to the main analysis in a subgroup of patients with colon cancer, in
patients between 65 and 74 years of age, patients over 75 years of age, both time periods
(2001-2004 and 2005-2009) and when we excluded patients with metastasectomy from the
analysis. All sensitivity analyses results are reported in Table 2 and Appendix 5.

DISCUSSION

The study found that the use of chemotherapy as the initial treatment for older patients
presenting with asymptomatic unresectable stage IV CRC has increased in the last decade.
Patients receiving initial surgery vs. chemotherapy in stage IV had improved survival
outcomes in unadjusted and in standard multivariate models. When accounting for measured
and unmeasured confounders using an instrumental variable analysis, chemotherapy as the
initial treatment showed benefit on survival compared to initial surgical resection. This
association however did not achieve statistical significance. Results were similar in all six
subgroup analysis.

To date, randomized controlled trials (RCT) attempting to compare survival with
chemotherapy vs. surgical resection of the primary tumour as the initial treatment have had
difficulty accruing patients [8]. We used observational data and an instrumental variable
approach to address this question, as we hypothesized significant unmeasured confounding
by indication. Traditional Cox regression showed that chemotherapy as the initial treatment
was associated with worse 2-year survival compared to resection of the primary tumor. In
the instrumental variable analysis, the association was not only attenuated, but direction of
the association was reversed, showing improved survival for patients receiving initial
chemotherapy. However, it was not statistically significant as the confidence interval
included one.

Traditionally, resection of the primary tumor was preferred in patients with stage IV CRC to
prevent tumor-related complications such as obstruction, perforation, and bleeding [9]. The
introduction of oxaliplatin and irinotecan to chemotherapy regimens has challenged this
approach.. The NCCN guidelines changed in 2006 [7]. Population-based SEER-Medicare
data from 1991 to 2000 demonstrated that only 12.2% received chemotherapy as the initial
treatment [24]. Our study covers a more contemporary period, and demonstrates an
increasing trend with chemotherapy as the initial treatment increasing to 34.8% over the
whole period, reaching 47% in 2009. A recent study based on SEER data showed a
reduction in patients undergoing primary tumor resection, from 74.5% in 1998 to 57.4% in
2010. However, the median survival rate increased during the same period [25]. The
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improved survival may be attributed to the improved treatment due to the increased use of
chemotherapy.

Despite NCCN guidelines, significant controversy remains regarding the timing and role of
surgical resection and potential overuse of primary tumor resection in patients presenting
with stage 1V disease [9, 25]. Our study supports a meta-analysis of seven observational
studies concluded that initial resection of the tumor provides only minimal palliative benefit
but higher complication rates that can delay the administration of systemic chemotherapy
[11]. The Cochrane collaboration found that resection of the primary tumor did not improve
survival or reduce complications in asymptomatic patients with unresectable stage IV CRC
managed with initial chemotherapy/radiation [8]. Another meta-analysis of eight
observational studies comparing chemotherapy alone vs. chemotherapy and surgical
resection and showed an improvement in the survival of patients managed with palliative
resection of their primary tumor [12]. However, these studies were retrospective, small, and
subject to considerable selection bias. A recent study, not included in any of the above meta-
analyses, found that resecting the primary tumor in patients receiving chemotherapy for
stage IV CRC did not improve overall survival in when resection of all gross disease was
impossible (unresectable), supporting the use of chemotherapy as the initial treatment in
unresectable patients [26].

In subgroup analysis, we found improved but not significant survival benefit of
chemotherapy as the initial treatment among patients aged 65 to 74 years. These results were
in accordance with some previous studies that also found improved survival in patients
younger than 75 years [27, 28]. In addition, more patients in the younger group (14% vs.
11%) underwent surgery after chemotherapy, possibly explaining the survival benefit in this
group. These patients are likely to represent a selected group of patients with good tumor
response who opted for more aggressive therapy and suggests an additional survival benefit
with removal of the primary tumor even in the palliative setting.

In clinical practice, the choice of initial treatment may be influenced by disease burden,
frailty, and patient preference. Chemotherapy first offers several advantages. Initial
chemotherapy eliminates the immediate risk of operative complications that prevent receipt
of systemic chemotherapy [9, 11]. Resection can then be reserved for patients who respond
to chemotherapy and would most likely benefit from this approach. A prospective
multicenter phase Il trial, RCTs, systematic reviews and meta-analysis have all demonstrated
that chemotherapy is a safe initial treatment [12, 13, 29, 30]. In patients treated with
chemotherapy-first, the rate of complications ranged 6-29% [11]. In our study, less than 4%
of patients who received chemotherapy-first underwent subsequent emergency or urgent
resection.

The results from an instrumental variable analysis differed significantly compared to the
Cox model. Use of instrumental variable analysis changed the direction of the association.
Cox regression models cannot control for unmeasured confounding, which was controlled
for in the instrumental variable analysis. This may explain the change in hazards ratio.
Instrumental variable analysis makes strong assumptions and some are not empirically
verifiable. There is really no way to know which of these answers is “correct”; violation of
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assumptions may produce biased estimates. However, in this study, instrument was strongly
correlated with treatment (F=62.4) and covariates were well-balanced by the level of
instrumental variable.

Our study has several limitations. We cannot measure KPS or ECOG, burden of disease, or
whether chemotherapy was given with intent to downstage and resect. However our
instrumental variable analysis was designed to overcome some of this selection bias and
unmeasured confounding. Our approach is unique in that we compared outcomes on an
intent-to-treat basis, based on initial treatment strategy regardless of receipt of the other
modality. This is important, as patients who initially undergo surgery often do not get
chemotherapy secondary to surgical complications. Our analysis supports this observation.
Patients who had surgery and no chemotherapy had the worst survival. Likewise, given the
controversy regarding the need for resection in stage IV disease, this approach included
patients who did and did not undergo surgery after chemotherapy. It is possible that patients
who responded to chemotherapy got aggressive treatment with surgical resection, while
those who progressed did not. This scenario would explain the change in the direction and
magnitude of the HR when we used the instrumental variable and controlled for selection
bias. The instrumental variable captures “practice style” in the geographic region and is
unlikely to be related to patient survival [19-22]. The study results are applicable to
Medicare patients only. We did not do a subgroup analysis on rectal cancer patients due to
low sample size. While we tried to exclude patients with symptomatic tumors, patients may
not be excluded if symptoms are not recorded correctly in the Medicare data.

In conclusion, the use of chemotherapy as the initial treatment has increased in the past
decade. In patients with stage IV CRC, chemotherapy as the initial treatment offers similar
or better 2-year survival compared to the primary resection of the tumor, with higher
survival benefit among patients younger than 75 years. The goal of therapy is to optimize
outcomes. Given the morbidity and mortality associated with colorectal resection in elderly
patients, chemotherapy provides an option to patients who are not good candidates for
resection. In patients with a large burden of disease or those who progress, surgery can be
avoided.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What does this paper add to the literature?

The use of chemotherapy as the initial treatment for stage 1V colorectal
cancer has increased in the past decade. Chemotherapy as the initial treatment
offers similar or better 2-year survival compared to the primary resection of
the tumour.
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Figure 1.
Cohort Selection Diagram
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Figure 3.

Kaplan-Meier Curve for 2-Year Survival for Colorectal Cancer Patients, Stratified by the
Initial Treatment
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