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Abstract

Background—The role of adjuvant chemotherapy in patients with stage Il colon cancer remains
to be elucidated and its use varies between patients and institutions. Currently, clinical guidelines
suggest discussing adjuvant chemotherapy for patients with high-risk stage 11 disease in the
absence of conclusive randomized controlled trial data. In order to further investigate this
relationship, the study aimed to determine whether an association exists between overall survival
(OS) and adjuvant chemotherapy in patients stratified by age and pathological-risk features.

Methods—Data from the National Cancer Data Base (NCDB) was analyzed for demographics,
tumor characteristics, management, and survival of patients with stage Il colon cancer diagnosed
from 1998-2006 with survival information through 2011. Pearson Chi-squared tests and binary
logistic regression were used to analyze disease and demographic data. Survival analysis was
performed with the Log-rank test and Cox proportional hazards regression modeling. Propensity
score weighting was utilized to match cohorts.
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Results—In 153,110 stage Il colon cancer patients, predictors of receiving chemotherapy
included age <65, male gender, non-Caucasian race, community treatment facility, non-Medicare
insurance, and diagnosis before 2004. Improved and clinically relevant overall survival was
associated with the receipt of adjuvant chemotherapy in all patient sub-groups regardless of high-
risk tumor pathologic features (poor or undifferentiated histology, <12 lymph nodes evaluated,
positive margins, or T4 histology), age, or chemotherapy regimen, even after adjustment for
covariates and propensity score weighting (HR 0.76, p<0.001). There was not a difference in
survival between single and multi-agent adjuvant chemotherapy regimens.

Conclusion—In the largest group of stage Il colon cancer patients evaluated to date, improved
OS was associated with adjuvant chemotherapy regardless of treatment regimen, patient age, or
high-risk pathologic risk features.

Introduction

Colorectal cancer is the third leading site of cancer in men and women and is the second
leading cause of cancer related deaths in the United States! 2 Surgical resection with
curative intent is the mainstay of treatment for locoregional disease. For patients with stage
I11 disease, adjuvant based chemotherapy with fluoropyrimides is recommended due to
demonstrated improved overall survival (OS) of 20-33% after 5-years,3-> however, its role in
stage 11 disease has been debated,% and its appropriate utilization in these patients has been
an ongoing challenge.10: 11 This is in large part due to the wide range of stage 11 disease
defined by negative lymph nodes (NO) while encompassing tumors both limited to and
extending beyond the serosa (T3 and T4 tumors) and representing a spectrum of
histopathological risk factors.12 In the absence of conclusive randomized controlled trial
data, clinical guidelines by the American Society of Clinical Oncology (ASCO)!3 and the
National Comprehensive Cancer Network (NCCN) suggest discussing adjuvant
chemotherapy in stage 11 disease for patients with high-risk stage 11 disease.1 Recent studies
have called into question the advantage of adjuvant therapy in high-risk stage Il disease,
however analyses have been limited by evaluation of patients with specific demographics
and data collection before the widespread use of multi-agent chemotherapy.1®

Additional large-scale and highly powered studies in patients of all ages who have been
treated in the modern era with adequate long-term follow-up are needed to determine if
adjuvant chemotherapy is associated with survival in stage 11 disease. The current study
aimed to utilize a diverse database of over one million patients with colon cancer to assess
associations between adjuvant chemotherapy and survival in low- and high-risk patients, and
in those aged less than or over 65. Use of combination chemotherapy regimens began to
increase after 2002,16 when irinotecan, oxaliplatin, bavcizumab and cetuximab combinations
were associated with improved responses in the metastatic setting, and eventually FOLFOX
was FDA approved in 2004 for stage 111 and advanced colorectal disease in the adjuvant
setting.1” For this reason, outcomes were also evaluated by separating patients both by pre
and post-2004, and by single-agent (FL) compared to multi-agent chemotherapy.
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Patients and Methods

Data source

Data access was granted by the National Cancer Data Base (NCDB), a joint project of the
Commission on Cancer (CoC) of the American College of Surgeons (ACS) and the
American Cancer Society. The ACS and CoC have not verified and are not responsible for
the analytic or statistical methodology employed, or the conclusions drawn from these data.
This study was conducted with Institutional Review Board approval.

Site and histology codes were recorded using International Classification of Diseases for
Oncology, Third Edition, (ICD-0-3).18 Disease staging was defined by the American Joint
Committee on Cancer (AJCC). Site-specific information was coded according to the
Collaborative Stage Data Collection System (CS), which was implemented in 2004.
Chemotherapy regimen was coded according to SEER*Rx and included data on patients
1998-2011.19 Date of last contact or death was reported as months from the date of
diagnosis.

Patient selection

A total of 1,078,091 patients diagnosed with colorectal cancer between 1998-2011 were
evaluated. 179,676 patients were diagnosed with stage Il colon cancer between 1998-2006
for whom five-year vital status information was available. Stage Il patients were excluded
for appendiceal adenocarcinoma (n=5,246; 2.0%), radiation therapy (n=10,099; 3.8%), no
surgery (n=3,318; 1.2%), death within 30-days of surgery (n=10,630; 4.0%), metastasis
(n=1,077; 0.4%), positive nodes at diagnosis (n=2,233; 0.8%), and for initial cancer
treatment other than surgery (n=1,521; 0.5%), resulting in a total of 164,668 patients eligible
for these analyses (there was substantial overlap in exclusion criteria). Of these, 11,558
(7.0%) lacked information on chemotherapy and were not included in the analyses, resulting
in a final cohort of 153,110 patients.

Measured outcomes and statistical analysis

The primary outcome in this study was OS measured from time of diagnosis stratified by
adjuvant chemotherapy administration. All survival analysis included patients diagnosed
between 1998-2006 with survival information through 2011. Patients were characterized by
low- or high-risk disease, age under or over 65, single- or multi- agent chemotherapy, and
diagnosis before or after 2004, the year in which the U.S. FDA approved use of oxaliplatin
for adjuvant chemotherapy of colon cancer.1’

High-risk tumor characteristics!2 captured in the NCDB database included the following:
high-grade histology (poor or undifferentiated), <12 lymph nodes evaluated, positive
margins, or T4 histology. Lymphovascular invasion information was available and included
for patients diagnosed after 2005.

Patient demographic and disease information was compared using the Pearson Chi-squared
test and binary logistic regression. Effect size was determined using Cramer's V/Phi for
categorical variables, for which 0.10 corresponded to a small correlation effect, and 0.50 to a
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large correlation effect.20: 21 Survival data was analyzed using Cox proportional hazard
regression. Age was used as a continuous variable in all analyses that control for age.

Survival was adjusted for potential confounding covariates: age, sex, race, risk status,
facility type, facility location, average neighborhood education level, insurance type, tumor
location, tumor size, and year of diagnosis. Analysis with unplanned 30-day hospital
readmission after surgery, and Charlson/Deyo score were performed secondarily, as this data
was available for patients diagnosed after 2003 (41% of the cohort).

Propensity score weighting was performed to account for selection bias by creating a control
cohort matched to have similar representation of baseline features.22 In brief, the probability
of receiving chemotherapy based on baseline characteristics (age, sex, race, risk status,
facility type, facility location, average neighborhood education level, insurance type, tumor
location, tumor size, year of diagnosis, and inadequate lymph node sampling) was calculated
using logistic regression, which generated a propensity score for chemotherapy receipt for
each patient. The average treatment effect (ATE)23 was assessed by weighting patients in the
control arm according to the formula p/(1-p), where p denotes the propensity score, to match
the baseline variables of the treatment group. Patients receiving treatment were unweighted.

Statistical analysis was performed using SPSS version 21 (SPSS Inc., Chicago IL) and
STATA SE 12.0 (StataCorp LP, College Station, TX). P-values < 0.05 were considered
statistically significant.

Patient characteristics

Patient and disease characteristics are shown in Table 1. Of 153,110 eligible patients with
stage 11 colon cancer, one in 5 patients received chemotherapy, (19.3% of low-risk and
21.7% of high-risk patients, P=<0.001). Receipt of adjuvant chemotherapy was
independently associated with age <65, male gender, community facility, central U.S.
location, non-Medicare insurance, living in a neighborhood with higher education level,
diagnosis pre-2004, and no comorbidities on the Charlson/Deyo scale. Overall, 23% of
patients had one comorbidity, and 8% had two. Median age of those who received
chemotherapy compared to those who did not was 64 + 12 years and 76 + 11 years,
respectively; with high-risk versus low-risk features was 74 + 12 years and 72 + 12 years.

Single-agent chemotherapy was the most often used prior to 2004, which likely comprised
of 5-Fluorouracil (5-FU) with or without leucovorin,24 25 whereas multi-agent therapy
gained popularity after 2004, likely due to emergence of combinations such as FOLFOX and
FLOX.26-29 Figure 1 demonstrates the overall pattern of chemotherapy regimen use over
time in patients treated from 1998-2011.

Tumor characteristics

At diagnosis, patients had predominantly stage I1A disease, higher T-stage, low-grade
histology, tumors smaller than 5 cm, and disease of the right colon (Table 2). Patients more
likely to receive chemotherapy had stage 11B disease, T4 stage, high-grade histology, larger
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tumor size, location in the left or sigmoid colon, and unplanned readmission within 30-days
of surgery. 59% were considered high-risk by meeting at least one of four criteria as defined
by ASCO: high-grade (29%), positive margins (4%), T4 (14%), or <12 lymph nodes
evaluated (76%). Only 20% of patients had more than one high-risk feature. Presence of any
high-risk feature increased the likelihood of receiving adjuvant chemotherapy, with the
exception of under-evaluated lymph nodes. When excluding inadequate lymph node
sampling, the overall high-risk rate decreased to 24.4%, or 31.6% among those receiving
chemotherapy and 22.6% among those without (P = <0.001).

Overall survival advantage with adjuvant chemotherapy (unadjusted)

Unadjusted OS at 3, 5, and 10-years was 88.3%, 81.2% and 71.2% for patients who received
adjuvant chemotherapy, and 77.1%, 65.3% and 50.3% for those who did not. Chemotherapy
was associated with an increase in median survival from 7.0-years to 13.2-years, and
corresponded with improved OS regardless of high-risk features, age, or chemotherapy
regimen (Table 3). In low-risk patients, 5-year OS improved from 68% to 86% with
chemotherapy (P = <0.001), versus 57% to 76% (P = <0.001) in high-risk patients.
Redefining high-risk without inadequate lymph node sampling did not change the
association of chemotherapy with improved OS (HR 0.49, 95% CI 0.47-0.51, P=<0.001).
For patients under age 65, 5-year OS improved from 82% to 86% (log-rank P = <0.001),
whereas patients >65 improved with treatment from 57% to 73% (log-rank P = <0.001). The
association of increased survival with chemotherapy was similar among those regardless of
comorbidities (both HR 0.46, P = <0.001), or 30-day unplanned hospital readmission (HR
0.38 vs. HR 0.45, both P = <0.001). There was no evidence of a departure from the
assumption of proportional hazards between treatment groups.

Overall survival advantage with adjuvant chemotherapy (adjusted)

After adjusting for covariates, all sub-groups experienced significant improvement in OS
correlating with receipt of adjuvant chemotherapy (Table 3). Low-risk patients had a median
OS of 13.2-years vs. 8.8-years without chemotherapy administration, while high-risk
patients had median survival of 11.0-years vs. 6.9-years without chemotherapy
administration (Fig 2A). Similarly, patients <65 experienced a median survival of not
reached (NR) vs. 12.8 years, while those =65 had median survival of 10.1 vs. 6.3 years (Fig
2B). Unplanned readmission within 30-days of surgery was an independent predictor of
survival (HR 1.39, P = <0.001), as was one (HR 1.55, P = <0.001) or two comorbidities (HR
2.41, P = <0.001). Regardless, chemotherapy remained an independent predictor of survival
after adjustment for these covariates (HR 0.79, P = <0.001).

Figure 3 demonstrates the association between patient and tumor features and OS
improvement observed with the addition of adjuvant chemotherapy. All sub-groups
demonstrated trends towards improved OS with chemotherapy.

Comparison of single- to multi-agent chemotherapy

Overall survival with single-agent therapy (n=15,368) was similar to multi-agent therapy
(n=12,313), both with median survival of 13.3-years (P = 0.412), (Fig 2C). After adjustment
for covariates, median survival was 13.9-years vs. 13.7-years with single- vs. multi-agent
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therapy. This is further reflected by similar survival associated with chemotherapy before
and after 2004 (Fig 2D), suggesting a comparable effectiveness of modern era and older
chemotherapy regimens on survival in stage Il patients.

Overall survival advantage after propensity score weighting

Matching the patient cohorts with propensity score weighting did not affect the magnitude of
improved survival associated with adjuvant chemotherapy with respect to any of the sub-
groups (Table 3). One-year, 3-year, 5-year and 10-year survival was 94.7%, 83.3%, 72.9%,
and 50.6% with chemotherapy, and 90.6%, 75.2%, 62.1%, and 35.4% without. Including
Charlson/Deyo comorbidity score and 30-day unplanned hospital readmission as covariates
in propensity score weighting did not significantly effect observed outcomes and improved
OS remained associated with adjuvant chemotherapy (HR 0.76, P = <0.001).

Discussion

Though surgical resection with curative intent is the mainstay of treatment for localized
colon cancer, adjuvant chemotherapy has been utilized for decades3C despite unclear
advantages in stage 1 disease.%-11 13. 14, 31 Muyltiple randomized controlled trials’-® and a
recent Cochrane review32 have demonstrated improved mortality risk ratios with adjuvant
fluoropyrimidine-based chemotherapy after surgical resection in stage Il disease, however,
these studies have been limited by an inability to investigate the specific effect with respect
to patient age, high- or low-risk disease characteristics, long-term follow-up, and modern
chemotherapy regimens. A 2004 meta-analysis of seven randomized controlled trials
demonstrated a trend towards an improved mortality risk ratio with adjuvant chemotherapy,
but estimated that 5,000 patients would be needed to demonstrate significant differences
between the groups with adequate power.32 The largest randomized controlled trial (RCT) to
evaluate this question enrolled 2,291 stage Il colon cancer patients and demonstrated that
chemotherapy significantly reduced all-cause mortality by 16% (relative risk (RR) = 0.84,
P=0.046) and risk of recurrence by 22% (RR = 0.78, P=0.004), though the absolute
improvement in five-year overall survival was of borderline statistical significance. Since
only 20% of these patients had pathological data, subgroup analysis of high versus low-risk
groups could not be compared.’” Based on the currently available data, the ASCO clinical
guidelines!3 and current NCCN guidelines'* recommend consideration of chemotherapy in
specific populations including in patients with high-risk tumor features despite conclusive
evidence. As a result, in the practical clinical care of patients with stage 1l disease, the
decision of whether to administer adjuvant chemotherapy is thus quite variable between
individuals, institutions, and countries. Therefore, the need remains for a highly powered
study of over 5,000 patients per arm and with corresponding pathologic data, use of modern-
age chemotherapy, and not limited by specific patient demographics or comorbidities to
address this clinical gap in knowledge without which evaluation of an association between
chemotherapy and OS is not possible.

The NCDB contains 29 million patient records, and represents ~70% of all newly diagnosed
cases of cancer in the US. With over one million patients with colon cancer captured and
153,110 patients meeting eligibility criteria for this study, we were able to adequately power
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the analyses to evaluate this question in all subgroups evaluated, though the challenge was to
determine whether the differences are clinically relevant (a two-tailed test was able to detect
an effect size of 0.018, which is equivalent to a difference of 0.004 months (2.8-hours) of
extended life). The current analysis included more patients than any prior study and included
a minimum of 5-years and up to 14-years of actual survival data and patient follow-up. We
found that chemotherapy was associated with statistically improved OS regardless of high-
risk or low-risk disease features, patient age over or under 65, use of single- or multi-agent
chemotherapy, and administration before or after 2004. A considerable effort was made to
adjust for all available covariates, and especially age, in the database; and to create
comparable cohorts using propensity score weighting and adjustment for patient
comorbidities.

Few other studies have compared chemotherapy to observation alone due to overshadowing
by modern-era multi-drug regimens with oxaliplatinZ® and irinotecan in advanced-stage
disease.34 The 2004 MOSAIC trial that compared fluorouracil plus leucovorin (FL) to
fluorouracil- leucovorin-oxaliplatin (FOLFOX) demonstrated a trend towards improved 3-
year disease free survival (DFS) in stage 11 disease.?® The mature 6-year OS data did not
show improved survival in stage |1 disease,28 however the authors highlighted the trend
towards improved DFS, bolstered by concurrent trials from the NSABPZ7: 29 and the U.S.
FDA approval of 3-year DFS as a primary end point for adjuvant colon cancer studies.3® For
this reason we also evaluated our data by separating patients both by pre and post-2004
(when the FDA approved adjuvant oxaliplatin for use in non-metastatic colon cancer) as a
proxy for increased indications for modern-era multi-drug chemotherapy regimens, and by
single-agent (FL) compared to multi-agent chemotherapy. The concept of “modern-era”
chemotherapy in this case is reflective of multi-drug chemotherapy regimens compared to
5FU/leucovorin alone, rather than reflective of specific dosing regimens or patient-specific
chemotherapy selection factors. In both cases, i.e. before or after 2004, or single vs. multi-
agent regimens, there was no difference in the magnitude of OS increase with adjuvant
treatment administration. Thus, our results also support the contention that oxaliplatin
regimens may not provide additional benefit for patients with stage 11 disease.3¢

There are limitations to this study. First, retrospective analysis without randomization could
allow for selection bias. Second, data variables were restricted by availability from the
NCDB file, which did not include microsatellite instability status or disease-specific
outcomes. In addition, disease-recurrence is not known, nor is the number of chemotherapy
cycles administered, therefore confirmatory analyses in other large databases or, preferably,
in prospective series designed to address these variables, is warranted. While the current
study excluded rectal carcinoma and primary treatment other than surgery, it was not able to
exclude patients based on palliative operations, enrollment in HMOs, post-mortem diagnosis
of colon cancer, or presence of other malignancies. In addition, patients without knowledge
of chemotherapy administration were excluded (3% or n= 42,144), which may introduce
bias.

While the 5-year unadjusted OS of treated patients was similar to randomized controlled
trials (81-82%),”: 37 that of the untreated patients was lower than RCTs, but very similar to
retrospective observational analyses (65% vs. 67%).38 39 Differentiation by risk status (5-
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year OS 70.3% in low-risk vs. 60.9% in high-risk) remained consistent with prior reported
unadjusted data (69% in low-risk and 57% in high-risk).1®> The reason for these variances
may be a factor of non-randomization, patient population, type of chemotherapy
administered, treatment location, or other inclusion/exclusion criteria (e.g. inclusion of rectal
cancer in the QUASAR trial or requirement for continuous Medicare enrollment in SEER-
Medicare analyses). Careful assessment of included covariates was undertaken and limited
from Hierarchical Condition Categories scores, prior hospitalizations, re-hospitalizations,
and complications, thus, confounding by indication such that healthier patients may have
been more likely to receive chemotherapy is a possibility, and should be considered in the
older patient population, though unplanned 30-day hospital readmissions after surgery and
Charlson/Deyo comorbidity scores were included in the analysis and did not affect the
results. Additionally, the longer follow-up available in this study with actual, and not
actuarial, survival data may explain long-term differences in survival.0

To the authors' knowledge, this is the largest study of stage Il colon cancer patients
evaluating associations between adjuvant therapy and survival, including nearly 6-fold the
number of patients previously analyzed in the SEER database, and 4-fold the number of
Medicare patients alone.1> Despite limitations, the results of this study add important
knowledge to the clinical management of stage Il colon cancer patients, including the
association between clinicopathological risk factors and survival. Based on the results,
adjuvant chemotherapy appears to be associated survival in patients with stage Il colon
cancer regardless of risk status, age, or chemotherapy regimen; and prospective validation is
warranted.
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Overall Survival for Chemotherapy Administration by Risk Status
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Overall Survival Stratified by Chemotherapy Regimen
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Fig 2.

O\?erall survival (years) with adjuvant chemotherapy adjusted for covariates. (A) Adjuvant
chemotherapy administration was associated with improved survival in both low-risk
patients and high-risk patients. (B) Chemotherapy was associated with improved survival of
adults under age 65 and above age 65. (C) Survival was similar for single-agent vs. multi-
agent chemotherapy regimen. (D) Survival associated with adjuvant chemotherapy was
similar before and after 2004.

Cancer. Author manuscript; available in PMC 2017 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Casadaban et al.

Low-Risk

High-Risk

One high-risk feature
Two high-risk featues
Three high-risk features
Four high-risk features

Age <65

Age>=65
Age 18-39
Age 40-49
Age 50-59
Age 60-69
Age70-79
Age 80-90

Diagnosis before 2004
Diagosis on or after 2004

Male
Female

Tumor Stage: T1-T3
Tumor Stage: T4

No positive margins
Positive margins

Well or moderately differentiated
Poorly or undifferentiated

Adequate lymph node evaluation
<12 nodes

‘Tumor size: 0-49mm
‘Tumor size: 50-99mm
‘Tumor size: >100mm

Right Colon
Transverse Colon
Left Colon
Sigmoid Colon

[P —
Favors Chemotherapy

Fig 3. Impact of adjuvant chemotherapy on survival for each variable

Cancer. Author manuscript; available in PMC 2017 November 15.

Page 14



Page 15

Casadaban et al.

- LUY0 8880 /800 €LE0 - €l£0 % ‘aWoou|
6 vz 97 ST 8¢ vz umousun
€0 S0 €0 S0 €0 S0 1809 13410
9TL L'Sy 7'99 9'.€ 569 9z BIedIPBIN
67T €€ 12 g€ 0¢ e PredIPaIA
8'T¢ h474 8'9¢ ¥'¢s 6'€C Sy 3ouRINSU| 81eALId
ST ge 67 ge 971 ge painsu| 10N
7000>  T00'0> 2000  T000> G660  T000> T000> % ‘soueInsu|
81 LvT GqT TvT €o1 el a110ed/ureIuno
9'6€ ¥ad 6'6€ Xas L'6€ yad [enus)
oey 8Ty oy eey 0y 0y 1se3
1000>  T000> 8y1'0  T000> [200  T000> TO00> % ‘u01ea0™ ANjioeS
§g §g o34 vy Tg TS BYOo
L'6T §87 792 € v'ze 66T  UoIeasay/olwapedy
8L 0'9L 7'69 €eL §zL 0L Aunwwod
€EV'0  TO00> 2210 T00°0> 7200 1800  TO00> % ‘9dAL Anjioeq
TT sT'T v'T €T zT zT BLYOo
LT 67T 0 9 871 T'T  lapue|s| oy10Rd/URISY
T¢E 14 e 67 € 'y o1uedsiH
68 zo1 66 01T €6 S0T yoelg
€38 128 €€ 208 G518 118 SHUM
€610  T000> S0T'0  T000> 1200 15,0 T000> % 208y
€620 T000> ¥SS/9Pr  €IS/L8Y 9000 T000> OVS/09r  T'0S/6'6Y 2€0°0- 8200 T000>  8V¥S/ZSY  60S/T6Y % ‘9[ewad /3[elA
Ge8 §ZS i oer 018 6'87 G9=
§o1 Sy 922 0'.8 0'6T T'TS G9>
7000>  T000> 7000>  T000> 8620-  1000> T100'0> % p3bv
(sog'os=u)  (699'61=U) (€eg'og=u) (eTT'ZT=U) (8ee'Ter=u) (e8L'TE=U)
RANININ - JeAlUN  OWBYD ON oweyd [eAINN  JeAlun  OWeYD ON oweyd ezseHI  feAliNA feAlun  ouweyDoN oweyd
1190e1s ¥s14-UbIH 1190e1s s14-Mmo ] 1196e1s IV ainsea N

Author Manuscript

9002-866T Usamiag pasoubelq JeoueD uojoD |1a6eis Jojsonsieoereyd juslled daON

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer. Author manuscript; available in PMC 2017 November 15.



Page 16

OWBaYd 0U 10} 8/€'€9=U ‘0Wayod 10} TG/ '6=U :Syleap umou 1o Ino abejusoiad &cmmmammu

sNsUsD SN 0002 01 Buiploaae jooyds yBiy woy syenpell Jou pip oym apod diz sjuaired ayy Ul SHNpe 4o Jusdlad se cm_:mmm_\,_n

sieak TT F 9/ SNSIBA S1eak ZT F #/9 SeM 10U PIP OYM 8S0U) 0} SNSIBA Adesayiowayd paaiaoal oym asoy) Jo abe UeIpaIN,

Cancer. Author manuscript; available in PMC 2017 November 15.

Casadaban et al.

- TE€T - ger - 62T  pajuswinooQ jou adAL
- 9'8¢ - 268 - L'8g wabe-niny
- z8y - €8y - 7’8y Juabe 8|buIS
% ‘Adesayiowsyd
6'G6 7'€6 756 €6 1’56 1°€6 1eak-0T
0'69 0'€9 9'€9 9'95 7.9 z19 Teak-g
Tl €0y 7'6€ v'ze ey 0'8e Teak-g
68T 61T (134" 66 TLT Tan Teak-1
% ‘5AN[eloN
T6 9 78 o 98 4 z
e} 4 7’61 9€z Go1 12 z81 T
7'99 0'9L 789 G'6L 719 Sl 0
1000>  T00°0> 1000>  T00°0> ¥600  TO00> T000> 81005 0AdQ/uOS|eYD
9.2 Lz 6'9€ 91e §TE 762 9002-7002
v'eL €L T'€9 '89 689 8'0L €002-866T
- 1680 7000 T000> 9200 1500  T000> 9% ‘teak sisouberg
9ve 6'2€ L'9E 8'Ge g'Ge 0've % T>
88y 8’67 Sy 9Ly ey 0’67 %6'6T-1T
991 €L 8T 99T €91 0.1 %62=<
0100  T00'0> /8T0 1900 €100  T1000> 100°0> % gUoneInp3
9'9¢ 0L 9'6€ oy 8¢ z8e +000'9v$
L8y g8y 8oy LSy 6Ly Sy 666'G7$-000'0€$
L'yl ST 9€T YT VT eVl 000'0€$ >
(so8'02=U)  (699'6T=U) (€eg'og=u) (eTT'CT=U) (8ee'Ter=u) (e8L'TE=U)
AN JeAlUN  OwsyD ON oweyd AN JeAlun  OWeYydON oweyd  azs ey fAlUN  OWBYD ON oweyd
1136e1s »s14-ubiH 1190e1s »s14-mo] 1196e1s IV aunses

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 17

Casadaban et al.

Author Manuscript

9Ty 18 607 0
€900 T00°0> 9% ‘sainyesy %su-ybiy Jo JaquinN
100°0> 8'9 67T g8 ABojoisiH v1
100°0> 1¢ 9€¢ ¥'C suifrew aAnISod
T00°0> Gy 6'cr 0'Sy palen|eAs sspou ¢T>
100°0> 7'9T 8'8T 69T  (parenusiagipun pue Apiood) spetB-ybiH
6200  T000> 7’85 6’19 T'65 % ‘(4010) YSU 1) Ms1y-ybiH
A4 a'lLe Tve uojo) prowbis
20T et 90T uojoD Yo
a1 [ V1T uoj0D asIsAsuRI L
q'¢s oy 2’18 uojoD by
8500 T00°0> % ‘U011ed07 Jown ]
1% 9 S wwooT<
0cy 8'Ly 454 wwie6-0s
6°€S 0'9v €'¢S wwet-0
0L00 T000> 0 '9zIS Jown |
90 0T 80 palenualayipun
9'GT 8.1 09T parenualayip Al100d
0¢L €0L 9TL parenuaaip A|91eIapoin
76 8L 8'8 PareRUSIBHIP [I3W
9€0'0 T00°0> %% ‘opeld Jown
89 67T 98 1
€16 G'e8 9'68 €L
00 00 00 (AR
2¢T0 T00°0> o ‘abels |
69 991 8'8 g11 sbeis
€98 09 €18 Vi 8beis
2600  T00'0> %  80BIS 200V
(8ze'Ter=u) (¢8LTe=u) (OTT'EST=U)
9ZIS 1943 aneAd ouRry9 ON owsyo el alnsesa |\
(re101 Jo 10 sod) S9unyesy ¥s1a-ybiy pue sols|ieloe Jeyo Jowny
¢ 9lqel

Author Manuscript

Author Manuscript

Author Manuscript

Cancer. Author manuscript; available in PMC 2017 November 15.



Page 18

Casadaban et al.

Author Manuscript

"BuiBels umousiun pey %69 J8Y10 3Y L “TT0Z-0TOZ WOl L UOIHPT ‘6002-200Z W04 9 uoiip3
‘T002Z-866T WOJ) pasn sem G uonip3 :sisoubelp Jo Jeak o3 Buipiodae pabueyd asn uoip3 *(915'G9=u) 9 uonip3 dnolo abels a16ojoyred DOrY 03 Buiplodde paiods asoyr Buowre Ajuo paniodal mmmﬁcmo\_mn_m

0200  T00'0> v'T LT x4 9% ‘uolissiwpeal [endsoy [eaibins Aep-og
70 z0 70 4
TT rar a €
8'6 A g0T z
€Ly oy Ty T
(gze'TeT=u) (28.Te=u) (OTT'EST=U)
9ZIS19Y3  dNEA-d  OUWRYD ON ouRyd fe10l ainsea N

Author Manuscript

Author Manuscript

Author Manuscript

Cancer. Author manuscript; available in PMC 2017 November 15.



Page 19

Casadaban et al.

passasse sapou ydwA| ZT> 10} J01eaIpul JO UOIIPPE YIIM ‘DA0qR Se Sa1eLIeA0d awes 104 pawoiad Bunybilem a100s b_mcmaoiq

(918 *sdnoJb abe ulyym sainseaw Ul pareulwi]a sem abe ‘sdnoub S UIYIIM SaInseal Ul pajeulwi|d Sem SNIels YSLI *a°1) PSLIWO 349M BLIBYLID U0193[as dnoib uiyyim
juasald Os[e 818M Jey) Sa1eLIBAOD "SISOUBRIP JO Jeak ‘8ZIS Jown) ‘UOITeI0] JoWN] ‘9oueINSUl ‘UoIeINPa ‘Uuoiedo] Aljioey ‘adAy A1j1oe) ‘sniels Ysil ‘aoel ‘xas ‘abe :salelienod Jueoiiubis Ajeansiess 10y csmz._u/\m

T00'0> 85°0-¥S0 990 T000> 9S90-TS0 €S0 TO00> 850-€S0 950 %¥'8S %80y G9 < 9by
1000> ¥80-¥.0 6.0 1000> 080-0.0 ¥.0 TO00> ¢80-€L0 LLO %8¢ %E0C 69 >8by
T00'0> 89'0-€90 990 1T000> ¥80-220 080 TO00> 0S0-9Y0 8¥0 %899 %ZvE  ISH-UBIH
T000> T90-¥S0 250 T000> 080-0.0 S0 TO00> <¢¥0-LE€0 6E0 %E'SY %8T¢  ASH-MOT
Ow_yD 1WL0Y-NINN

T000> 959°0-¢S0 ¥50 T000> GS0-TS0 €S0 TO00> 99°0-€S0 ¥S0 %589 %8'cy  G9 < 9bv
T000> ¢/0-¥90 890 T000> 0.0-¢90 990 TO00> 0L0-€90 990 %8¢ %Y'6T  G9 > abv
T000> 990190 €90 1000> LL0-TLO0 ¥.0 TO00> 8¥0-SV0 L¥O %899 %8'GE  MsH-ubiH
T00°0> ¢90-650 850 T000> ¥.'0-990 690 TO00> <¢v'0-8€0 O¥0 %E'SY %Sve  ASH-MOT
Ouw_YJ 1BV PUS

1000> .S0¥S0 S50 T000> 990-€50 +S'0 TO00> LS0¥S0 S50 %¥'8S %02y 69 < 8by
10000> 22000 €0 T1T000> ¥.0-890 TLO0 TO0O0> GL0690 ¢L0 %8¢ %8'6T  §9 > by
T000>  29'0-€9'0 990 1000> 6.0-G.0 [0 TO00> 0S0-.v0 8¥0 %.'99 %T'SE  MsU-ubIH
T000> 190950 650 1000> ¥.0-890 T.0 TO00> <¢¥0-6€0 O¥0 %E'SY %V'€C  ASH-MOT
ouRyd 1V

d 1D %56 dH d 1D %56 dH d 1D %S6 dH

peado%  pesd%
Q_uwur_m_w>> 91005 \C.MCOQOF_ edH paISN .:u< HH pasn .—ﬁmcD oway) oON owayd dnolo

Teak sisoubeip pue ‘g9 oo abe ‘abels-ysil Ag paijite 1is Ade soyioweyo ou sns oA Ade jsyiowsyo 1uean(pe yiim [eAIAINS [[e BAQ
€ 9|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer. Author manuscript; available in PMC 2017 November 15.



	Abstract
	Introduction
	Patients and Methods
	Data source
	Patient selection
	Measured outcomes and statistical analysis

	Results
	Patient characteristics
	Tumor characteristics
	Overall survival advantage with adjuvant chemotherapy (unadjusted)
	Overall survival advantage with adjuvant chemotherapy (adjusted)
	Comparison of single- to multi-agent chemotherapy
	Overall survival advantage after propensity score weighting

	Discussion
	References
	Fig 1
	Fig 2
	Fig 3
	Table 1
	Table 2
	Table 3



