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Utilization and Impact of Adjuvant Chemotherapy Among
Patients with Resected Stage Il Colon Cancer: A Multi-
Institutional Analysis

Aslam Ejaz, MD, MPH1, Leigh Casadaban, MD?, and Ajay V. Maker, MD2"*
1Department of Surgery, Johns Hopkins University, Baltimore, MD

2Division of Surgical Oncology, University of lllinois Hospital and Health Sciences System,
Chicago, lllinois, and the Creticos Cancer Center at Advocate lllinois Masonic Medical Center

Abstract

Background—The use of chemotherapy among patients with stage Il colon cancer is
controversial. We aimed to define the utilization and factors associated with the receipt of
chemotherapy and the impact of chemotherapy on long-term prognosis among a large, multi-
institutional cohort of patients.

Materials and Methods—We identified 876 patients who underwent resection for stage 11
colon cancer between 2004 and 2013 at one of 7 participating institutions. Overall (OS) and
recurrence-free (RFS) survival time was calculated from the date of the index procedure to the
date of death.

Results—163 patients (18.6%) received adjuvant chemotherapy and this utilization decreased
over time (P=0.003). Younger age (P<0.001), margin positivity (OR 12.16, 95%CI 2.57-57.52;
P=0.002) and the presence of perineural invasion (OR 1.24, 95%CI 1.07-1.44; P=0.005) increased
the likelihood of receiving chemotherapy. Receipt of chemotherapy was associated with improved
median OS and RFS. After controlling for all factors, the addition of oxaliplatin to 5-flurorouracil
did not affect survival, and there was no difference in OS (HR: 0.74, 95%CI 0.27-2.06; P=0.57) or
RFS (HR 0.71, 95%CI 0.32-1.58; P=0.88) with adjuvant treatment, including for patients with
high-risk features (OS - HR: 0.63, 95%CI 0.33-1.19; P=0.15; RFS - HR: 0.77, 95%Cl 0.32-1.86;
P=0.56).
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Conclusions—The utilization of chemotherapy has declined over time after resection for stage
Il colon cancer. Chemotherapy was not independently associated with improved OS or RFS in this
study group, including in patients with high-risk features. Future prospective studies should strive
to identify the subset of stage Il colon cancer patients that will benefit the most from the addition
of adjuvant chemotherapy.
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colon cancer; surgery; chemotherapy; outcomes; survival

Introduction

Colorectal cancer is the third most common cancer in the US and the second leading cause
of cancer-related deaths.! In 2015, there were an estimated 132,700 patients newly
diagnosed with the disease resulting in nearly 50,000 deaths.! As the use of surveillance
colonoscopy and other diagnostic techniques have significantly increased over time,
localized disease that has not spread to the regional lymph node basin is the most common
presentation accounting for nearly 40% of all cases.! Complete surgical resection along with
analysis of at least 12 lymph nodes is the mainstay of treatment with curative intent for these
resectable tumors.

For patients with advanced stage 111 and stage IV disease, the indications and survival
advantage of adjuvant chemotherapy is well established. In stage 111 disease, adjuvant based
chemotherapy with fluoropyrimides is recommended due to demonstrated improved overall
survival (OS) of up to 33% after 5-years.2* However, the role of adjuvant chemotherapy
among patients with stage Il disease, where disease recurrence occurs in only approximately
25% of patients,” is controversial®=® and identifying patients with the highest risk of
recurrence has been an ongoing challenge.1% 11 Based on current National Comprehensive
Cancer Network (NCCN) clinical guidelines, the routine use of adjuvant chemotherapy is
not recommended in the absence of definitive randomized controlled trials.12 However,
along with the American Society of Clinical Oncology (ASCO), these guidelines
recommend that patients with high-risk features including those with inadequately sampled
nodes, T4 lesions, perforation, or poorly differentiated histology be considered for adjuvant
chemotherapy.13 Recent studies have been mixed, however, in demonstrating a survival
benefit with the addition of adjuvant chemotherapy in these high-risk patients.14 1°

We recently performed a hospital-based analysis of over 150,000 patients with stage |1
disease and found that improved OS was associated with adjuvant chemotherapy regardless
of single vs. multi-agent regimen, patient age, or high-risk pathologic risk features.16
However, information on patient selection, specific chemotherapy agent, disease recurrence,
and certain high-risk pathologic features was not available in this database. Therefore, we
identified 7 participating large academic-affiliated and community-based institutions in the
Advocate healthcare system, the largest fully integrated healthcare network in the state of
Illinois that diagnoses and treats more cancer patients than any other system in Illinois, to
address these limitations. The goal of the current study was to define the utilization and
factors associated with the receipt of chemotherapy and the impact of chemotherapy on
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long-term prognosis among a large, multi-institutional cohort of patients undergoing
curative-intent resection for colon cancer in a “real-world” setting.

Selection of Cohort

All patients who underwent resection for stage 11 colon cancer between 2004 and 2013 at
one of 7 participating institutions were identified after IRB approval from each institution.
Standard data on clinicopathologic characteristics were collected. All patients underwent
resection with curative intent. Patients who were found to have a malignancy other than
adenocarcinoma of the colon (ie. appendiceal tumor) were excluded. Furthermore, patients
with rectal tumors were also excluded from analysis. Patients were classified according to
whether or not they received chemotherapy. High-risk features included T4 tumors, the
presence of lymphovascular invasion or perineural invasion, or those patients who had <12
nodes examined.12-14 Microsatellite instability was not distinguished as sporadic or
germline, however the presence of microsatellite stability (MSS/absence of microsatellite
instability) was considered higher risk than an instable tumor. In the instance that
chemotherapy administration was related to surgical quality, hospitals with the lowest
surgical quality were identified based on total number of nodes examined at the time of
surgery as well as rates of margin positivity on final pathology. “Low performance”
hospitals were labeled as those in the lower quartile based on the proportion of patients who
had less than 12 nodes examined at the time of surgery as well as those with the lowest rate
of RO resections. All tumors are processed at a central pathology facility for the entire
healthcare system. This controls for differences in processing between hospitals.
Pathologists at the seven hospitals are part of the same group, and as per the systemwide
policy, are held to the same standards, use the same synoptic reports, and must confirm all
new diagnoses of malignancy by at least one other pathologist in their group. Patients who
experienced a death within 30 days were excluded from analysis. The primary endpoint was
death or time to first recurrence. Data on patient comorbidities and the incidence of
perioperative complications was not collected.

Statistical Analysis

Discrete variables were described as medians with interquartile range. Categorical variables
were described as totals and frequencies. Univariable comparisons were assessed using the
chi-squared, analysis of variance, or Mann-Whitney U test as appropriate. Univariable and
multivariable logistic regression models were constructed to determine the association of
relevant clinicopathological factors with receipt of chemotherapy. The most parsimonious
models were created using a stepwise approach including factors that were of clinical
importance or were statistically significant on univariable analysis. Overall (OS) and
recurrence-free (RFS) survival time was calculated from the date of the index procedure to
the date of death. Survival adjusted for censoring was calculated using the Kaplan-Meyer
method and median values compared using the log-rank test. Variables were entered into the
fully adjusted Cox proportional hazards model based on statistical or clinical significance.
Utilizing a power of 80% and a two-sided log-rank test at the 5% significance level, the
minimal detectable hazard ratio reduction between patients receiving and not receiving
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chemotherapy was calculated to be 0.18. All analyses were carried out using STATA version
13.0 (StataCorp, College Station, TX), and a P-value of <0.05 (two-tailed) was considered
statistically significant.

Results

Clincopathologic and Operative Characteristics of Cohort

We identified 876 patients who underwent resection for stage Il colon cancer and met the
inclusion criteria. The median age of the cohort was 74 years with a nearly equal split
between male (n=422, 48.2%) and female (n=454, 51.8%) patients. (Table 1) The majority
of patients were of Caucasian race (n=705, 80.5%). At the time of surgery, most patients had
tumors in the ascending colon (n=474, 54.1%) with the remaining tumors located in the
transverse (n=100, 11.4%), descending (n=57, 6.5%) or rectosigmoid (n=245, 28.0%) colon.
On pathology, an overwhelming majority of patients had negative margins (n=843, 96.2%)
with an average of 17 total lymph nodes examined (IQR: 13, 23). 151 patients (n=17.2%)
had less than 12 nodes examined. Interestingly, the proportion of patients with at least 12
nodes examined varied by hospital (range: 1.0% — 34.2%; P<0.001). Hospitals in the lower
quartile based on the proportion of patients who had less than 12 nodes examined at the time
of surgery as well as those with the lowest rate of RO resections were labeled as “low
performance”. According to the American Joint Committee on Cancer (AJCC) 7t edition
staging system, most patients had either stage I1A (n=744, 84.9%) or stage 11B (n=116,
13.2%) disease. High-risk microscopic features were reported on patients following 2010.
Among this subset of patients 81% (n=281) of tumors had evidence of microsatellite
stability, 16.7% (n=53) were found to have lymphovascular invasion, and 3.9% (n=12) had
perineural invasion.

Receipt of Chemotherapy

Following surgical resection, 163 patients (18.6%) received adjuvant chemotherapy. The
most common form of chemotherapy received was FOLFOX (n=75, 46.0%) followed by 5-
fluorouracil alone (n=49, 30.1%). The use of chemotherapy declined over time (P=0.003)
(Figure 1). Several clinicopathologic differences were found among patients who did and did
not receive chemotherapy. Younger patients (median age, chemotherapy: 62 years, IQR: 53,
72 vs. no chemotherapy: 76 years, IQR: 66, 83; P<0.001) and those who were treated prior
to 2010 (P=0.003) more commonly received chemotherapy for their disease. However,
nearly one-third of patients who received chemotherapy were over the age of 70 (n=49,
30.1%). Among pathologic features, patients with stage 11B or 11C disease (chemotherapy,
stage I1A: n=121, 16.3% vs. stage 11B: n=36, 31.0% vs. stage I1C: n=6, 37.5%; P<0.001),
those with greater number of lymph nodes examined (chemotherapy: 18, IQR: 14, 26 vs. no
chemotherapy: 16, IQR: 13, 22; P=0.002), and those who had evidence of perineural
invasion (chemotherapy: n=6, 13.3% vs. no chemotherapy: n=6, 2.3%; P=0.001) more
commonly received chemotherapy. Among patients with no high-risk pathologic features, 85
patients (18.9%) received adjuvant chemotherapy. Chemotherapy usage did not differ based
on hospital performance quality, regardless of the presence or absence of high-risk
pathologic features (P>0.05).
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After controlling for all measurable factors, several clinicopathologic differences were found
among patients who did and did not receive chemotherapy (Table 2). Among patient factors,
each year of increasing age resulted in a decreased likelihood of receiving chemotherapy
(OR 0.92, 95%CI 0.91-0.96; P<0.001). Pathologic features resulting in an increased
likelihood of receiving chemotherapy included margin positivity (OR 12.16, 95%CI 2.57-
57.52; P=0.002) and the presence of perineural invasion (OR 1.24, 95%CI 1.07-1.44;
P=0.005).

Factors Associated with Overall and Recurrence-Free Survival

At a median follow-up of 50.56 months, mortality occurred in 295 (33.7%) patients. Median
OS among the entire cohort was 106 months (95% CI 93.89 months-Not reached) with 1-,
3-, and 5-year OS being 93.8%, 82.1%, and 70.2%, respectively. Several factors were
associated with shorter median OS (Table 3). Older patients >65 years of age had shorter
median OS as compared to patients <65 years of age (>65 years: 80.21 months vs. <65
years: not reached: P<0.001). Similarly, patients with <12 lymph nodes examined (<12
lymph nodes: 67.65 months vs. =12 lymph nodes: 108.09 months; P=0.001), stage 1B or
I1C disease (stage I1A disease: 121.63 months vs. stage 11B disease: 76.96 months vs. stage
I1C disease: 42.63; P<0.001), and evidence of PNI (no PNI: 70.68 months vs. PNI: 36.98
months; P=0.008) had shorter OS. In the proportional hazards cox regression model,
increasing age (HR: 1.06, 95%CI 1.02-1.09; P<0.001) and patients with stage 11B or 1IC
disease (stage 11B: HR: 2.42, 95%CI 1.17-5.03; stage I1C: HR: 3.84, 95%CI 1.03-14.35;
both P<0.05) were found to be at independently higher risk of death.

Recurrence occurred in 95 (10.8%) patients, most commonly at a distant site (n=52, 54.7%)
consistent with previously reported data.1’ Median RFS among the entire cohort was 94.48
months (95% CI 84.88-113.35 months) with 1-, 3-, and 5-year RFS being 90.6%, 74.6%,
and 64.9%, respectively. Older patients >65 years of age had shorter RFS as compared to
patients <65 years of age (>65 years: 76.53 months vs. <65 years: not reached: P<0.001).
Similarly, patients with stage I1B disease (stage I1A disease: 104.71 months vs. stage 11B
disease: 53.06 months; P<0.001) and those who had <12 nodes examined (<12 nodes: 63.12
months vs. >12 nodes: 100.20 months; P=0.003) had shorter RFS. In the proportional
hazards cox regression model, increasing age (HR: 1.03, 95%CI 1.01-1.05; P=0.04) and
patients with stage 11B disease (HR: 2.76, 95%CI 1.50-5.10; P=0.001) were found to be at
independently higher risk of recurrence.

Effect of Chemotherapy on Overall and Recurrence-Free Survival

Patients receiving chemotherapy had longer median OS (chemotherapy: not reached vs. no
chemotherapy: 90.73 months; P<0.001) and RFS (chemotherapy: not reached vs. no
chemotherapy: 83.04 months; P<0.001) as compared to patients who did not receive
adjuvant chemotherapy (Figure 2). After controlling for all factors, OS (HR: 0.74, 95%CI
0.27-2.06; P=0.57) and RFS (HR 0.71, 95%CI 0.32-1.58; P=0.88) were not affected by
receipt of chemotherapy. Furthermore, among patients who received chemotherapy, the
addition of oxaliplatin to 5-flurorouracil did not affect OS or RFS (both P>0.05).
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In a planned subset analysis of patients with high-risk features, chemotherapy on univariable
analysis resulted in longer median OS (chemotherapy: not reached vs. no chemotherapy:
76.20 months) and RFS (chemotherapy: not reached vs. no chemotherapy: 63.35 months) as
compared to patients who did not receive chemotherapy (Figure 3). After controlling for all
factors, chemotherapy was not associated with improved OS (HR: 0.63, 95%CI 0.33-1.19;
P=0.15) or RFS (HR: 0.77, 95%CI 0.32-1.86; P=0.56). In the subset of patients with
microsatellite stable disease, chemotherapy again was not associated with improved OS
(P=0.26) or RFS (P=0.38).

Discussion

Nearly 25% of patients who undergo surgical resection for localized colon cancer will
experience disease recurrence.® As such, adjuvant chemotherapy has been suggested as a
potential modality to improve both overall and recurrence-free survival. Clinical trials
addressing the use of chemotherapy in this patient , however, have been mixed.8 18-21
Current NCCN and ASCO guidelines recommend practitioners to consider the use of
chemotherapy only among stage 11 colon cancer patients with high-risk features.12 13 The
impact of national clinical guidelines on the use of adjuvant chemotherapy among stage 11
colon cancer patients in the US community-based setting is not well-known.

Referral patterns for adjuvant therapies in cancer patients following surgical resection are
often nonrandom and involve a variety of demographic, clinical and pathologic factors.
Previous studies have shown several patient-specific factors associated with receipt of
adjuvant therapy in patients with other abdominal malignancies.?2-24 Among patients with
stage Il colon cancer, Schrag et al. found that overall utilization among Medicare
beneficiaries was 27%. The authors also found that race and comorbidity status were
associated with receipt of chemotherapy. Similarly, Kirkpatrick et al. reported the utilization
of chemotherapy to be 28% among 287 stage Il colon cancer patients. Our data describes the
utilization of chemotherapy among stage Il colon cancer patients in one of the largest cohort
of patients treated in a community-based setting. We found that the overall utilization of
chemotherapy was 18.6% among our patients. Interestingly, the use of chemotherapy
significantly decreased over time (Figure 1). Along with current practice guidelines, patients
who had tumors exhibiting perineural invasion, as well as younger patients, were
independently more likely to receive chemotherapy. Interestingly, nearly one-third of
patients who received chemotherapy were over the age of 70 (n=49, 30.1%). Thus, there was
an association between current guidelines and chemotherapy administration, and as a result,
the number of patients receiving chemotherapy for stage 11 disease also decreased over time.
Our data reflects that the studied patient cohort is representative of the utilization of
chemotherapy based on current guidelines. Chemotherapy utilization was also consistent
with the 20% of stage Il colon cancer patients that received adjuvant treatment in a study of
nearly 25,000 patients using the SEER-Medicare database.1 Therefore, the practice patterns
identified in this study appear consistent with those across the nation. It is Interesting, that in
the “real-world” setting, approximately 20% of oncologists are also treating low-risk stage 2
colon cancer with adjuvant chemotherapy.

J Surg Res. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ejaz et al.

Page 7

After controlling for all measurable confounders, our data revealed that the addition of
chemotherapy was not associated with improved overall or recurrence-free survival among
patients with stage 11 colon cancer. In a recent meta-analysis of 12 randomized controlled
trials, the authors found an improvement in both OS (HR 0.8; P<0.001) and disease-free
survival (HR 0.86; P=0.03) among patients who received adjuvant chemotherapy.2> This
study, however, did note publication bias and heterogeneity of trials as significant limitations
of their analysis.2> Furthermore, the overall majority of trials included in this study did not
show an OS or RFS benefit for patients with stage Il colon cancer. Based on our power
calculations, the impact of adjuvant chemotherapy among stage Il colon cancer patients was
likely limited in the current analysis in part due to sample size, with previous trials
estimating 5,000 patients needed per arm to show a difference in survival with
chemotherapy.26 Though limited by follow-up and sample size, in this cohort of patients
with stage 11 colon cancer there was not a clear association of chemotherapy and survival,
whereas in our analysis of over 150,000 patients in the National Cancer Database (NCDB),
adjuvant chemotherapy was found to be associated with improved OS.16 Reasons for this
difference may include improved quality of surgery in the studied cohort and less stage
migration, as evidence by only 17.2% of patients who had <12 nodes evaluated in the
current study as compared to 45% in the study utilizing the National Cancer Database.2’: 28
In addition, despite propensity matching, unmeasured selection bias was acknowledged as a
limitation of the NCDB study which may have affected the association of survival with
chemotherapy use. Furthermore, and possibly related, 5-year OS in the current patient cohort
(chemotherapy: 84.9%; no chemotherapy: 66.5%) was improved compared to patients in the
National Cancer Database (chemotherapy: 81.2%; no chemotherapy 65.3%). Taken together,
these results indicate that there is heterogeneous use of adjuvant chemotherapy among
patients with stage Il colon cancer, and the impact of chemotherapy among patients with
high-risk features may be limited by the sample size of the current study.

Given the heterogeneity of conclusions regarding the impact of adjuvant chemotherapy in
stage 11 disease, the NCCN and ASCO recommend the consideration of chemotherapy
among patients with high-risk features.12: 13 In a study of 43,000 Medicare patients with
stage Il or Il disease, adjuvant chemotherapy was not found to have a survival advantage,
regardless of whether any high-risk features were present.2? Contrastingly, Kumar et al.
reported adjuvant chemotherapy to improve outcomes in stage Il colon cancer patients with
high-risk features, particularly those with T4 tumors. Our data shows that patients T4 tumors
were associated with over a 3-time higher risk of both death and recurrence. However, in our
planned subset analysis of patients with high-risk features and among patients with only T4
tumors, there was not an overall or recurrence-free survival benefit with the addition of
chemotherapy. Though not statistically significant, this may have been limited due to the
large sample size required to identify a difference. Thus, the addition of chemotherapy may
have a possible survival advantage in a certain subset of patients. Some authors suggest the
evaluation of molecular tumor biomarkers in all stage 11 colon cancer patients in order to
define which patients may benefit from adjuvant treatment.30 Our survival analysis using the
current accepted definition of “high-risk” tumors, though would be stronger with greater
patients numbers, adds information to the current available literature on the topic, and
furthermore, helps us highlight a critical issue, which is that current definitions of risk are
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likely incomplete. Further prospective trials should focus on identifying stage Il colon
cancer patients with high-risk features and/or high-risk gene expression profiles in order to
better select patients for adjuvant treatment.3!

There are several limitations to be considered in this analysis. As with all retrospective
studies, selection bias is always a possibility. We found that younger patients and those with
certain high-risk features were more likely to receive chemotherapy. Therefore, this selection
bias may underestimate the true impact of chemotherapy found among these patients,
particularly among patients with high-risk features. This limitation, however, adds to the
generalizability of the study as it reflects current practice patterns. Additionally,
socioeconomic or insurance status was not obtained and thus was not able to be controlled
for in our analysis. Finally, our analysis was limited by the lack of data on comorbidities and
the incidence of perioperative complications that were not collected in the database utilized
for this study. The goal of this study, however, was long-term overall and recurrence-free
survival, though evaluation of potential selection bias secondary to patient performance
status was unable to be performed.

In conclusion, the utilization of chemotherapy has declined over time with currently nearly 1
out of every 5 patients receiving adjuvant chemotherapy after resection for stage 11 colon
cancer. We found that in the setting of high-quality curative intent surgery, chemotherapy
was not independently associated with improved overall or recurrence-free survival, even
among patients with high-risk features. Future studies should strive to identify the subset of
stage 1 colon cancer patients that will benefit the most from the addition of adjuvant
chemotherapy in a prospective fashion.
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Figure 1.

Utilization of adjuvant chemotherapy over time (P=0.003)
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(A) Overall and (B) Recurrence-free survival among entire cohort stratified by receipt of

chemotherapy
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(A) Overall and (B) Recurrence-free survival among patients with high-risk features
stratified by receipt of chemotherapy
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Table 1

Clinicopathologic and operative characteristics of the cohort stratified by receipt of chemotherapy

Total (n=876) No Chemotherapy (n=713) Chemotherapy (CTx) (n=163) P-value
Age, years, median (IQR) 74 (63, 81.5) 76 (66, 83) 62 (53, 72) <0.001
Male sex 422 (48.2) 341 (47.8) 81 (50.0) 0.67
Ethnicity 0.78
Caucasian 705 (80.5) 577 (80.9) 128 (78.6)
Black 129 (14.7) 104 (14.6) 25 (15.3)
Asian 24 (2.7) 16 (2.2) 8(4.9)
Location of Tumor 0.66
Ascending Colon 474 (54.1) 393 (55.1) 81 (49.7)
Transverse Colon 100 (11.4) 80 (11.2) 20 (12.3)
Descending Colon 57 (6.5) 45 (6.3) 12 (7.4)
Rectosigmoid Colon 245 (28.0) 195 (27.4) 50 (30.7)
Year of Surgery 0.01
Before 2010 530 (60.5) 417 (58.5) 113 (69.3)
After 2010 346 (39.5) 296 (41.5) 50 (30.7)
Stage <0.001
1A 744 (84.9) 623 (87.4) 121 (74.2)
1B 116 (13.2) 80 (11.2) 36 (22.1)
Inc 16 (1.8) 10 (1.4) 6(3.7)
Lymph nodes examined (IQR) 17 (13, 23) 16 (13, 22) 18 (14, 26) 0.002
Margins 0.002
RO 843 (96.2) 693 (97.2) 150 (92.0)
R1 33(3.8) 20 (2.8) 13 (8.0)
Lymphovascular Invasion (N=317) 53 (16.7) 42 (15.4) 11 (24.2) 0.13
Perineural Invasion (N=312) 12 (3.9) 6(2.3) 6(13.3) <0.001
Microsatellite Stability (N=347) 281 (81.2) 245 (82.8) 36 (72.0) 0.07
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