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Introduction

Biliary tract tumors arise in either the intrahepatic or 
extrahepatic bile ducts or the gallbladder and are associ-
ated with an aggressive disease course. The majority of 
patients presents with advanced disease at the time of 
diagnosis and are not eligible for surgical resection [1–3]. 
The prognosis of inoperable patients is poor, with a median 
survival of only 3.9  months for those undergoing sup-
portive care alone [4]. Although chemotherapy is an 
accepted standard of care for inoperable patients [5–8], 
the role of radiation is less well-defined [9].

Radiotherapy is often used to prevent or delay local-
regional progression, which can be associated with sig-
nificant hepatobiliary-related morbidity and even death. 

Radiotherapy has been shown to reduce pain and improve 
bile duct patency in patients with inoperable biliary tract 
cancers [10]. However, data regarding the survival benefit 
with radiation is conflicting and limited to mostly non-
randomized series due to the rarity of this disease [10–22]. 
Additionally, biliary tract cancer primarily affects the elderly 
[23, 24], which makes estimating treatment effect even 
more challenging as trials often exclude elderly patients.

The availability of large datasets has provided oppor-
tunities to compare the effectiveness of different treatment 
modalities in complete populations of cancer patients. 
Prior studies using the Surveillance, Epidemiology, and 
End Results (SEER) database found a large survival benefit 
with the use of radiotherapy in patients with intrahepatic 
and extrahepatic cholangiocarcinomas, but did not account 
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Abstract

The benefits of radiotherapy for inoperable biliary tract cancer remain unclear 
due to the lack of randomized data. We evaluated the impact of radiotherapy 
on survival in elderly patients using the SEER-Medicare database. Patients in 
the SEER-Medicare database with inoperable biliary tract tumors diagnosed be-
tween 1998 and 2011 were included. We used multivariate logistic regression 
to evaluate factors associated with treatment selection, and multivariate Cox 
regression and propensity score matching to evaluate treatment selection in 
relation to subsequent survival. Of the 2343 patients included, 451 (19%) re-
ceived radiotherapy within 4  months of diagnosis. The use of radiotherapy 
declined over time, and was influenced by receipt of chemotherapy and patient 
age, race, marital status, poverty status, and tumor stage and type. Median 
survival was 9.3 (95% CI 8.7–9.7) months among patients who did not receive 
radiation and 10.0 (95% CI 9.1–11.3) months among those who received radia-
tion, conditional on having survived 4 months. In patients who received chemo-
therapy (n  =  1053), receipt of radiation was associated with improved survival, 
with an adjusted hazard ratio of 0.82 (95% 0.70–0.97, P  =  0.02). In patients 
who did not receive chemotherapy (n  =  1290), receipt of radiation was not 
associated with improved survival, with an adjusted hazard ratio of 1.09 (95% 
0.91–1.30, P = 0.34). Propensity-scored matched analyses showed similar results. 
Despite the survival benefit associated with the addition of radiotherapy to 
chemotherapy, the use of radiation for unresectable biliary tract cancers has 
declined over time.
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for comorbidity, the use of chemotherapy, or immortal 
time bias, which occurs in observational studies when 
patients have to be alive in order to receive a treatment, 
thus biasing survival in favor of treatment [14, 15]. In 
this study, we use the SEER-Medicare database to evaluate 
the patterns of utilization of radiotherapy in elderly patients 
with inoperable biliary cancer, and to assess the impact 
of the utilization of radiotherapy on survival.

Methods

Study overview

We performed a retrospective cohort study using the 2014 
linkage of the SEER-Medicare database to examine the 
utilization and impact of radiation on survival outcomes 
in elderly patients with unresected biliary tract tumors. 
Additional details about this database can be found in 
Appendix  A. The Institutional Review Board of Stanford 
University deemed this study exempt from review.

Cohort selection

We identified patients with invasive biliary tract tumors 
diagnosed between 1998 and 2011 who did not undergo 
resection. We restricted our cohort to patients who had 
continuous enrollment in Medicare Part A and Part B 
and no health-maintenance organization coverage during 
the 16-month period from 12  months prior to diagnosis 
to 4 months after diagnosis. This restriction allowed ascer-
tainment of comorbidity status as well as initial treatment. 
In addition, this restriction excluded patients who died 
within 4 months of diagnosis, addressing potential immor-
tality bias [25–29]. Patients who died within this time 
would not have had the opportunity to undergo and 
benefit from radiation. This interval was chosen a priori 
to be broad enough after diagnosis to allow receipt of 
radiotherapy, but narrow enough so as to avoid counting 
radiation courses for disease progression or recurrence. 
Details of our cohort selection are available in Appendix A.

Primary exposure variable

We determined radiotherapy administration from Medicare 
claims (Appendix  B). We considered a patient to have 
received radiotherapy at diagnosis only if the first radia-
tion delivery claim pertained to within 1  month prior to 
and 4  months after diagnosis date.

Study covariates

We used the SEER database to obtain demographic, dis-
ease, and socioeconomic characteristics. Because of 

variations in staging across tumor types and over the 
time period of our study as well as lack of definitive, 
surgical staging, we used SEER historic staging for con-
sistency. We used state-buy-in status as an indicator of 
poverty. Medicare buy-in benefits, operated by Medicaid, 
help low-income Medicare beneficiaries pay their Medicare 
premiums, deductibles, and copayments. We created a 
composite measure for area socioeconomic status based 
on variables from the 2000 US census data: median house-
hold income, percentage of persons 25  years of age or 
older with at least a high school education, and percentage 
of people below the poverty level [30]. We constructed 
the composite measure by classifying into quartiles the 
sum of the z-scores for the variables. We used the Area 
Resource File to determine radiation oncologist density 
in the health services area (HSA) to which each patient 
belonged. The density of radiation oncologists per HSA 
was determined by dividing the number of radiation 
oncologists by the Medicare eligible population for a given 
HSA and categorized into quartiles.

We used linked claims data to obtain comorbidity/per-
formance status and interactions with the healthcare system. 
We calculated a modified Charlson comorbidity index using 
inpatient and outpatient claims for an interval before cancer 
diagnosis of 12  months to 1  month [31–35]. We used a 
validated measure of predicted poor disability status as a 
claims-based proxy for poor performance status [36, 37].

We identified biliary stent/drain placement and chemo-
therapy administration from Medicare claims using previ-
ously described methods (Appendix  B) [38, 39]. As with 
radiation, we only considered chemotherapy and biliary/
drain placement claims within 1  month prior to and 
4  months after diagnosis date.

Primary outcome

Our primary outcome was all-cause mortality and was 
determined based on SEER dates of death according to 
Social Security Administration data, with follow-up through 
December 31, 2013. Survival time was defined as the time 
from cancer diagnosis date to date of death or December 
31, 2013, whichever came first. Persons surviving past 
this date were censored. For cancer-specific mortality [40], 
we used the SEER variable designating whether a person 
had died of their cancer, based on cause of death on 
death certificates. Persons who died from noncancer causes 
were censored.

Statistical analysis

Bivariate associations between covariates and receipt of 
radiotherapy were evaluated using Pearson chi-square tests. 
We also used multivariate logistic regression models to 
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evaluate associations between receipt of radiotherapy and 
patient characteristics. We used a reverse, stepwise selec-
tion process to construct a working model, retaining vari-
ables with P  <  0.1.

We assessed the relation between radiation treatment 
and all-cause and cancer-specific mortality using univariate 
and multivariate Cox proportional hazard models. 
Predictors were checked for departures from the propor-
tional hazards assumption visually and using Schoenfeld 
residuals [41].

Because radiation treatment was not randomly assigned 
in this patient population, we performed a confirmatory, 
propensity score analysis. We developed a logistic regres-
sion model including relevant covariates to calculate and 
assign propensity scores for radiation treatment to each 
patient. Patients were then matched on propensity score 

Table  1. Baseline characteristics associated with receipt of radiation 
among patients with inoperable biliary tract cancers in SEER-Medicare.

Characteristic
Did not receive 
radiation

Received 
radiation P1

Total cohort 1892 (81%) 451 (19%)

Age at diagnosis

≤70 496 (79%) 132 (21%) 0.0001

71–75 405 (76%) 126 (24%)

76–80 401 (80%) 98 (20%)

>80 590 (86%) 95 (14%)

Gender

Male 804 (78%) 229 (22%) 0.002

Female 1088 (83%) 222 (17%)

Race

White 1530 (81%) 357 (19%) 0.009

Black 167 (85%) 29 (15%)

Other2,3 195 (75%) 65 (25%)

Marital status

Married 913 (77%) 276 (23%) <0.0001

Single4 918 (85%) 164 (15%)

Unknown 61 (85%) 11 (15%)

Comorbidity index

0 997 (80%) 242 (20%) 0.86

1 483 (81%) 116 (19%)

2+ 412 (82%) 93 (18%)

Disability status

Good 1674 (80%) 423 (20%) 0.0009

Poor 218 (89%) 28 (11%)

Tumor type

E�xtrahepatic
cholangiocarcinoma

837 (77%) 254 (23%) <0.0001

Gallbladder 394 (89%) 50 (11%)

Intrahepatic
cholangiocarcinoma

661 (82%) 147 (18%)

SEER historic stage

Local 573 (82%) 130 (18%) <0.0001

Regional 575 (73%) 210 (27%)

Distant 744 (87%) 111 (13%)

Year of diagnosis

1998–2002 450 (77%) 136 (23%) 0.02

2003–2007 721 (82%) 159 (18%)

2008–2011 721 (82%) 156 (18%)

SEER registry5

Midwest 252 (78%) 71 (22%) 0.37

West 856 (81%) 196 (19%)

Northeast 416 (82%) 89 (18%)

South 368 (79%) 95 (21%)

SES composite index6

1st quartile (lowest)3 493 (80%) 122 (20%) 0.49

2nd quartile 438 (79%) 115 (21%)

3rd quartile 446 (81%) 105 (19%)

4th quartile (highest) 515 (83%) 109 (17%)

Rural/urban

Metropolitan 1611 (81%) 389 (19%) 0.55

Urban/rural 281 (82%) 62 (18%)

Characteristic
Did not receive 
radiation

Received 
radiation P1

HSA radiation oncologist density

1st quartile (lowest) 508 (82%) 112 (18%) 0.002

2nd quartile 430 (82%) 94 (18%)

3rd quartile 419 (82%) 91 (18%)

4th quartile(highest) 501 (79%) 132 (21%)

Unknown 34 (61%) 22 (39%)

State buy-in

Yes 495 (87%) 75 (13%) <0.0001

No 1397 (79%) 376 (21%)

Any chemotherapy

Yes 779 (74%) 274 (26%) <0.0001

No 1113 (86%) 177 (14%)

Gemcitabine + Cisplatin chemotherapy

Yes 158 (92%) 14 (8%) 0.0001

No 1734 (80%) 437 (20%)

Stent/Drain

Yes 1165 (77%) 352 (23%) <0.0001

No 727 (88%) 99 (12%)

No, number; SEER, Surveillance, Epidemiology, and End Results; SES, 
socioeconomic status; HSA, Health Services Area.
1Based on Pearson’s chi-square test.
2Other includes American Indian/Alaskan Native, Asian/Pacific Islander.
3Unknown included with this category for privacy purposes due to low 
number of patients.
4Single includes unmarried, divorced, separated, and widowed.
5West: San Francisco, Hawaii, New Mexico, Seattle, Utah, San Jose, Los 
Angeles, Greater California; Midwest: Detroit, Iowa; Northeast: 
Connecticut, New Jersey; South: Atlantic, Rural Georgia, Kentucky, 
Louisiana, Greater Georgia.
6Composite measure for area socioeconomic status based on follow-
ing variables from the 2000 US census data: median household in-
come, percentage of persons 25 years of age or older with at least a 
high school education, and percentage of people below the poverty 
level.

Table 1.  (Continued)

(Continued)
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in order to balance the observed covariates. Additional 
details of the propensity-score analysis are provided in 
Appendix  C.

All statistical analyses were performed using SAS, version 
9.4 (SAS Institute, Cary, NC).

Results

Study cohort characteristics and factors 
influencing treatment selection

Appendix  A shows our cohort selection process. A total 
of 2343 patients met our inclusion criteria. Among these 
patients, 451 (19%) received radiotherapy within 4 months 
of diagnosis. Table  1 summarizes the baseline character-
istics of our cohort.

Receipt of radiation treatment was associated with 
patient, tumor, and socioeconomic factors. In a multivari-
ate model, age >80, single relationship status, metastatic 
stage disease, and having state buy-in were significantly 
associated with omission of radiotherapy while American 
Indian/Alaskan Native/Asian/Pacific Islander race, extra-
hepatic cholangiocarcinoma, regional stage disease, pres-
ence of a biliary stent or drain, and receipt of chemotherapy 
were independent predictors of radiotherapy use within 
4  months of diagnosis (Table  2).

With respect to patterns of therapy, the use of radia-
tion declined over time, with its use declining from 28.6% 
in 1998 to 15.7% in 2011 (annual percent change of 
−0.8% per year, P  =  0.002). Of the patients who received 
radiation, 20.6% received either intensity-modulated 
(IMRT) or stereotactic body radiotherapy (SBRT). The 
majority of patients (67%) had their first radiation claim 
within 3  weeks of their first chemotherapy claim. The 
use of chemotherapy increased over time, with its use 
increasing from 36.9% in 1998 to 57.8% in 2011 (annual 
percent change of +1.5% per year, P  <  0.0001).

Impact of treatment on survival outcomes

Median survival was 9.3 (95% CI 8.7–9.7) months among 
patients who did not receive radiation and 10.0 (95% CI 
9.1–11.3) months among those who received radiation 
(log-rank P  =  0.02).

In univariate Cox regression, the receipt of radiation 
treatment was associated with improved overall survival, 
with a hazard ratio of 0.90 (95% CI 0.81–0.99, P = 0.04). 
After adjustment for demographic, tumor, patient, treat-
ment, and socioeconomic characteristics (Table 1), radia-
tion was no longer significantly associated with survival, 
with a hazard ratio of 0.95 (95% CI: 0.84–1.07, P = 0.38). 
However, when we tested additional interactions in the 
adjusted model, we found a significant interaction 

between radiation and chemotherapy (P  =  0.02). In 
patients who received chemotherapy (n  =  1053), receipt 
of radiation was associated with improved survival, with 
an adjusted hazard ratio of 0.82 (95% 0.70–0.97, 
P = 0.02). In patients who did not receive chemotherapy 
(n  =  1290), receipt of radiation was not associated with 
improved survival, with an adjusted hazard ratio of 1.09 
(95% 0.91–1.30, P  =  0.34). Figures  1 and 2 show the 
Kaplan–Meier curves in the chemotherapy and no chemo-
therapy cohorts.

Table 2. Factors independently associated with receipt of radiotherapy 
in multivariate logistic model.

Characteristic

Adjusted OR 
for receipt of 
radiation 95% CI P

Age at diagnosis
≤70 Reference –
71–75 1.14 0.84–1.54 0.40
76–80 0.94 0.68–1.29 0.68
>80 0.69 0.50–0.97 0.03

Race
White Reference –
Black 0.90 0.57–1.42 0.65
Other1,2 1.86 1.30–2.65 0.0006

Marital status
Married Reference –
Single3 0.74 0.59–0.93 0.01

Tumor type
Extrahepatic 
cholangiocarcinoma

Reference –

Gallbladder 0.56 0.38–0.81 0.002
Intrahepatic 
cholangiocarcinoma

0.79 0.61–1.03 0.08

SEER historic stage
Local Reference –
Regional 1.33 1.01–1.74 0.04
Distant 0.53 0.39–0.72 <0.0001

Year of diagnosis
1998–2002 Reference –
2003–2007 0.71 0.54–0.94 0.02
2008–2011 0.71 0.53–0.94 0.02

State buy-in
Yes Reference –
No 0.57 0.42–0.77 0.0003

Chemotherapy
Yes Reference –
No 0.37 0.29–0.48 <0.0001

Stent/Drain
Yes Reference –
No 1.98 1.49–2.63 <0.0001

OR, odds ratio; CI, confidence interval; SEER, Surveillance, Epidemiology, 
and End Results.
1Other includes American Indian/Alaskan Native, Asian/Pacific Islander.
2Unknown included with this category for privacy purposes due to low 
number of patients.
3Single includes unmarried, divorced, separated, and widowed.
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Other factors that were significantly associated with 
worse overall survival in the multivariate Cox regression 
were older age and more advanced tumor stage (Table 3). 
There was no evidence that the radiation-survival associa-
tion differed by tumor type (intrahepatic cholangiocarci-
noma, extrahepatic cholangiocarcinoma, or gallbladder 
cancer) in either the patients who received chemotherapy 
(P  =  0.50 for interaction) or the patients who did not 
receive chemotherapy (P = 0.20 for interaction). However, 
within the chemotherapy cohort, there was an interaction 
between radiation and tumor stage (P  =  0.04). Patients 
who had metastatic disease and received chemotherapy 
did not appear to derive a survival benefit from radiation 

with an adjusted hazard ratio of 1.12 (95% CI 0.85–1.46, 
P  =  0.43). Patients who did not have metastatic disease 
and received chemotherapy had improved survival with 
radiation, with an adjusted hazard ratio of 0.75 (95% CI 
0.61–0.93, P  =  0.008).

We found similar results when we analyzed cancer-
specific survival. In patients who received chemotherapy, 
receipt of radiation was associated with improved cancer-
specific survival, with an adjusted hazard ratio of 0.82 
(95% 0.69–0.98, P = 0.03). In patients who did not receive 
chemotherapy, receipt of radiation was not associated with 
improved cancer-specific survival, with an adjusted hazard 
ratio of 1.08 (95% 0.90–1.31, P  =  0.40).

Figure 1. Kaplan–Meier survival curves of those who received radiation versus those who did not receive radiation in the no chemotherapy cohort.

Figure 2. Kaplan–Meier survival curves of those who received radiation versus those who did not receive radiation in the chemotherapy cohort.
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We also evaluated whether our results differed among 
patients in the chemotherapy cohort who received specifi-
cally gemcitabine and cisplatin, and found that after adjust-
ing for this regimen, radiation was still associated with 
an overall and cause-specific survival benefit, with adjusted 
hazard ratios of 0.81 (95% CI 0.68–0.95, P  =  0.01) and 
0.80 (95% CI 0.67–0.95, P  =  0.01), respectively. The gem-
citabine and cisplatin regimen was associated with improved 
overall and cause-specific survival, with adjusted hazard 
ratios of 0.82 (95% CI 0.68–0.99, P  =  0.04) and 0.76 
(95% CI 0.62–0.93, P  =  0.008), respectively. Finally, we 
found that IMRT/SBRT was not associated with improved 
survival among those who received radiotherapy.

We performed a propensity-scored matched analysis in 
those receiving chemotherapy and those who did not, 
and found similar results (Appendix  C).

Differences between subjects with and 
without chemotherapy

Patients who did and did not receive chemotherapy differed 
with respect to receipt of radiation therapy as well as personal 
characteristics. Compared to those who did not, patients 
receiving chemotherapy were more likely to be treated with 
radiation and to be young, married, White, diagnosed with 
regional/metastatic tumors, diagnosed in later calendar years, 
residing in metropolitan areas without state buy-in, have good 
functional status and have a biliary stent or drain (Table  4).

Discussion

Patients who present with inoperable biliary tract cancers 
have unfavorable prognosis and need effective therapies. 
However, the rarity of biliary tract tumors makes it chal-
lenging to study optimal treatment approaches through 
adequately powered trials. The large sample size and 

real-world settings make large, administrative databases 
appealing for filling the knowledge gap of optimal man-
agement in diseases with poor prognosis and few effective 
treatment options. Using SEER-Medicare, we found that 
radiotherapy at diagnosis in elderly patients with inoper-
able biliary cancers is associated with a survival benefit 
among those with nonmetastatic disease who receive 
chemotherapy.

Although chemotherapy is the standard of care in patients 
with inoperable biliary tract cancers, the role of radio-
therapy is less established. The ABC-02 trial found that 
gemcitabine plus cisplatin was associated with superior 
overall survival (11.7  months vs. 8.1  months) compared 
to gemcitabine alone in treatment-naive patients with 
advanced biliary cancers [5]. While there has been no 
randomized evidence for radiotherapy, a phase 2 study 
showed that radiation with concurrent hepatic artery 
floxuridine was associated with improved survival over 
historical controls [12]. The largest series suggesting a 
survival benefit with radiotherapy in inoperable biliary 
tract tumors include several SEER analyses of intrahepatic 
and extrahepatic cholangiocarcinomas [14, 15, 42]. 
However, these studies were unable to control for chemo-
therapy and performance status, as these data are not 
available in SEER, and they did not address immortal 
time bias [25–29] as a possible explanation of the finding 
of more favorable survival with radiotherapy. The exist-
ence of this bias has been well-reported in the literature: 
patients who receive treatment must have survived long 
enough to receive treatment, thus resulting in survival 
estimates that are biased in favor of treatment.

We were able to use Medicare claims to determine 
receipt of chemotherapy and to approximate comorbidity 
and performance status. Additionally, the timing of radio-
therapy administration was ascertained through claims, 
allowing us to address immortal-time bias using a land-
mark analysis [25, 27, 43] that excludes patients who die 

Table 3. Factors independently associated with overall survival in inoperable biliary tract cancers in SEER-Medicare after multivariate adjustment.

Overall survival in chemotherapy 
cohort (n = 1053)

P

Overall survival in no chemotherapy 
cohort (n = 1290)

PAdjusted HR (95% CI) Adjusted HR (95% CI)

Receipt of radiotherapy 0.82 (0.70–0.97) 0.02 1.09 (0.91–1.30) 0.34
Age at diagnosis
≤70 Reference – Reference –
71–75 1.25 (1.06–1.47) 0.008 1.11 (0.92–1.35) 0.29
76–80 1.25 (1.05–1.49) 0.01 1.24 (1.03–1.51) 0.03
>80 1.48 (1.22–1.82) <0.0001 1.25 (1.05–1.49) 0.01

Tumor stage (SEER historic stage)
Local Reference – Reference –
Regional 1.03 (0.85–1.25) 0.77 1.21 (1.05–1.39) 0.009
Metastatic 1.47 (1.21–1.78) 0.0001 1.84 (1.58–2.14) <0.0001

HR, hazard ratio; CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results.
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too soon to receive radiotherapy. After addressing immortal 
time bias and controlling for chemotherapy and perfor-
mance status, we did not find a statistically significant 
survival benefit for the entire cohort, as has been observed 
in prior studies.

We were able to assess the differential effect of radio-
therapy in those who received chemotherapy and those 
who did not, and found that any survival benefit of radia-
tion appeared confined to those who received chemo-
therapy. Given that intrahepatic cholangiocarcinomas, 
extrahepatic cholangiocarcinomas, and gallbladder cancers 
differ in terms of epidemiology, molecular pathogenesis 
and patterns of spread [44, 45], we evaluated whether 
radiation’s efficacy differs by tumor type, and did not 
find a difference. Finally, we found that patients with 
nonmetastatic disease were the ones most likely to derive 
a survival benefit, whereas those with metastatic disease 
did not benefit.

One possible explanation for the present findings is 
that the improved control of systemic disease with chemo-
therapy allows the local effects of radiotherapy to translate 
into longer survival. Alternatively, patients who received 
chemotherapy were younger, healthier, and with better 
overall prognosis than those who did not, so for them, 
radiotherapy may have been selected with definitive rather 
than palliative intent. Given that Tao et  al. recently dem-
onstrated that radiation dose impacts survival in patients 
with unresectable intrahepatic cholangiocarcinoma [16], 
using higher doses of radiation could have contributed 
to survival benefit. Our finding that the addition of radio-
therapy was not associated with a survival benefit among 
those with metastatic disease supports this explanation, 
as these patients were more likely treated with palliative 
courses of radiotherapy. Although palliative radiotherapy 
may improve stent patency and symptoms [10, 46, 47], 
it may not necessarily lead an observable survival benefit 
in these patients. Unfortunately, a limitation of admin-
istrative claims datasets is the lack of important treatment 
details, such as treatment intent and radiation dose, so 
we can only speculate on reasons behind this survival 
benefit.

Although we controlled for available patient, tumor, 
treatment, and socioeconomic characteristics in multivari-
ate and propensity score analyses, and found consistent 
results with both approaches, we were unable to account 
for unmeasured confounders. More granular tumor char-
acteristics such as histologic grade, tumor size and mul-
tifocal disease were not reliably available for all patients 
due to the lack of definitive, surgical staging. We chose 
to use the SEER historic staging, which was most consist-
ently recorded over time and across tumor types. Thus, 
it is possible that patients with more aggressive tumors 
were more likely to receive radiotherapy, and that these 

adverse disease characteristics were not entirely captured 
in our study.

Additional limitations of this study include the possibil-
ity that performing a landmark analysis can lead to loss 
of power as well as not allow evaluation of the early 
impact of therapy by omitting early events. Although the 
potential to miss early treatment benefit with a landmark 
analysis is greater in aggressive diseases such as biliary 
tract cancers because of the high number of early events, 
the magnitude of immortal time bias is also greater because 
overall survival is short. Finally, although we found that 
early radiation, given within 4  months of diagnosis, is 
associated with a survival benefit compared to those who 

Table 4. Factors independently associated with receipt of chemothera-
py in multivariate logistic model.

Characteristic
OR for Receipt of 
Chemotherapy 95% CI P

Age at diagnosis
≤70 Reference –
71–75 0.73 0.57–0.95 0.02
76–80 0.57 0.44–0.75 <0.0001
>80 0.23 0.18–0.31 <0.0001

Race
White Reference –
Black 0.66 0.47–0.94 0.02
Other1 0.74 0.54–1.03 0.07

Marital status
Married Reference –
Single2 0.74 0.61–0.90 0.002

Disability status
Good Reference –
Poor 0.48 0.33–0.70 0.0001

SEER historic stage
Localized Reference –
Regional 1.98 1.55–2.53 <0.0001
Metastatic 3.75 2.94–4.78 <0.0001

Year of diagnosis
1998–2002 Reference –
2003–2007 1.49 1.17–1.91 0.001
2008–2011 2.02 1.58–2.59 <0.0001

Rural/urban
Metropolitan Reference –
Urban/rural 0.70 0.54–0.92 0.01

State buy-in
Yes Reference –
No 0.73 0.56–0.94 0.01

Radiation
Yes Reference –
No 0.38 0.30–0.49 <0.0001

Stent/drain
Yes Reference –
No 0.56 0.46–0.69 <0.0001

OR, odds ratio; CI, confidence interval; SEER, Surveillance, Epidemiology, 
and End Results.
1Other includes American Indian/Alaskan Native, Asian/Pacific Islander.
2Single includes unmarried, divorced, separated, and widowed.
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received no or late radiation, we did not specifically evalu-
ate the treatment approach of delayed radiation. Given 
the risk of systemic spread, a common treatment approach 
in advanced biliary tract cancers is to start with chemo-
therapy in order to address micrometastases as well as 
to determine the natural history of the disease, and to 
reserve radiation for patients who do not progress after 
a sufficient number of chemotherapy cycles [13].

Despite the survival benefit associated with radiotherapy 
among those who received chemotherapy, we found that 
the use of radiation has declined, while the use of chemo-
therapy increased during that same period. Specifically, 
we found that patients who were poor, single, or elderly 
were less likely to receive radiotherapy. We found that 
many of these same demographic and socioeconomic fac-
tors were also independently associated with decreased 
receipt of chemotherapy, which is more accepted as stand-
ard of care treatment. Disparities in cancer treatment and 
outcomes based on age, race, socioeconomic and marital 
status have been commonly reported [48–51]. With 
improvements in systemic therapy, it is likely that radio-
therapy will play a larger role in the treatment of unre-
sectable disease, particularly as advancements in 
radiotherapy techniques allow for increased dose intensity 
and reduced normal tissue toxicity [52].

Conclusion

The addition of radiotherapy to chemotherapy is associ-
ated with improved survival in elderly patients with unre-
sectable biliary tract tumors, primarily in nonmetastatic 
patients, and supports reserving radiotherapy for select 
patients who receive chemotherapy. With improvements 
in systemic therapy and radiation technique including the 
use of intensity-modulated and stereotactic body radio-
therapy, radiotherapy may play an increasingly important 
role in impacting survival. Further study is needed to 
determine how best to optimize therapy in these patients 
and to improve access to this therapy.

Acknowledgments

We acknowledge the efforts of the Applied Research 
Program, National Cancer Institute; the Office of 
Research, Development and Information, Centers for 
Medicare and Medicaid Services; Information 
Management Services (IMS), Inc.; and the SEER Program 
tumor registries in the creation of the SEER Medicare 
database.

Conflict of Interest

None declared.

References

  1.	� Hezel, A. F., and A. X. Zhu. 2008. Systemic therapy for 

biliary tract cancers. Oncologist 13:415–423.

  2.	� Anderson, C. D., C. W. Pinson, J. Berlin, and R. S. 

Chari 2004. Diagnosis and treatment of 

cholangiocarcinoma. Oncologist 9:43–57.

  3.	� Nakeeb, A., H. A. Pitt, T. A. Sohn, J. Coleman, R. A. 

Abrams, S. Piantadosi, et al. 1996. Cholangiocarcinoma. 

A spectrum of intrahepatic, perihilar, and distal tumors. 

Ann. Surg. 224:463–473; discussion 473–5.

  4.	� Park, J., M. H. Kim, K. P. Kim, H. Park do, S. H. 

Moon, T. J. Song, et al. 2009. Natural history and 

prognostic factors of advanced cholangiocarcinoma 

without surgery, chemotherapy, or radiotherapy: a 

large-scale observational study. Gut. Liv. 3:298–305.

  5.	� Valle, J., H. Wasan, D. H. Palmer, D. Cunningham, A. 

Anthoney, A. Maraveyas, et al. 2010. Cisplatin plus 

gemcitabine versus gemcitabine for biliary tract cancer. 

N. Engl. J. Med. 362:1273–1281.

  6.	� Thongprasert, S., S. Napapan, C. Charoentum, and S. 

Moonprakan. 2005. Phase II study of gemcitabine and 

cisplatin as first-line chemotherapy in inoperable biliary 

tract carcinoma. Ann. Oncol. 16:279–281.

  7.	� Kornek, G. V., B. Schuell, F. Laengle, T. Gruenberger, M. 

Penz, K. Karall et al. 2004. Mitomycin C in combination 

with capecitabine or biweekly high-dose gemcitabine in 

patients with advanced biliary tract cancer: a randomised 

phase II trial. Ann. Oncol. 15:478–483.

  8.	� Ducreux, M., E. Van Cutsem, J. L. Van Laethem, T. M. 

Gress, K. Jeziorski, P. Rougier, et al. 2005. A 

randomised phase II trial of weekly high-dose 

5-fluorouracil with and without folinic acid and 

cisplatin in patients with advanced biliary tract 

carcinoma: results of the 40955 EORTC trial. Eur. J. 

Cancer 41:398–403.

  9.	� National Comprehensive Cancer Network. Hepatobiliary 

Cancer (Version 2.2015). Available at: http://www.nccn.

org/professionals/physician_gls/pdf/hepatobiliary.pdf. 

(accessed 6 February 2016).

10.	� Ohnishi, H., M. Asada, Y. Shichijo, N. Iijima, E. 

Itobayashi, K. Shimura, et al. 1995. External radiotherapy 

for biliary decompression of hilar cholangiocarcinoma. 

Hepatogastroenterology 42: 265–268.

11.	� Pitt, H. A., A. Nakeeb, R. A. Abrams, J. Coleman, S. 

Piantadosi, C. J. Yeo, et al. 1995. Perihilar 

cholangiocarcinoma. Postoperative radiotherapy does not 

improve survival. Ann. Surg. 221:788–797; discussion 

797–8.

12.	� Ben-Josef, E., D. Normolle, W. D. Ensminger, S. 

Walker, D. Tatro, R. K. Ten Haken, et al. 2005. Phase 

II trial of high-dose conformal radiation therapy with 

concurrent hepatic artery floxuridine for unresectable 

intrahepatic malignancies. J. Clin. Oncol. 23:8739–8747.

http://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf
http://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf


137© 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

Radiotherapy for Biliary Tract CancerE. L. Pollom et al.

13.	� Ben-Josef, E., K. A. Guthrie, A. B. El-Khoueiry, C. L. 

Corless, M. M. Zalupski, A. M. Lowy, et al. 2015. 

SWOG S0809: a phase II intergroup trial of adjuvant 

capecitabine and gemcitabine followed by radiotherapy 

and concurrent capecitabine in extrahepatic 

cholangiocarcinoma and gallbladder carcinoma. J. Clin. 

Oncol. 33:2617–2622.

14.	� Shinohara, E. T., N. Mitra, M. Guo, and J. M. Metz. 

2008. Radiation therapy is associated with improved 

survival in the adjuvant and definitive treatment of 

intrahepatic cholangiocarcinoma. Int. J. Radiat. Oncol. 

Biol. Phys. 72:1495–1501.

15.	� Shinohara, E. T., N. Mitra, M. Guo, and J. M. Metz. 

2009. Radiotherapy is associated with improved survival 

in adjuvant and palliative treatment of extrahepatic 

cholangiocarcinomas. Int. J. Radiat. Oncol. Biol. Phys. 

74:1191–1198.

16.	� Tao, R., S. Krishnan, P. R. Bhosale, M. M. Javle, T. A. 

Aloia, R. T. Shroff, et al. 2016. Ablative radiotherapy 

doses lead to a substantial prolongation of survival in 

patients with inoperable intrahepatic cholangiocarcinoma: 

a retrospective dose response analysis. J. Clin. Oncol. 

34:219–226.

17.	� Zeng, Z. C., Z. Y. Tang, J. Fan, J. Zhou, L. X. Qin, S. 

L. Ye, et al. 2006. Consideration of the role of 

radiotherapy for unresectable intrahepatic 

cholangiocarcinoma: a retrospective analysis of 75 

patients. Cancer J. 12:113–122.

18.	� Brunner, T. B., D. Schwab, T. Meyer, and R. Sauer. 

2004. Chemoradiation may prolong survival of patients 

with non-bulky unresectable extrahepatic biliary 

carcinoma. A retrospective analysis. Strahlenther. Onkol. 

180:751–757.

19.	� Alden, M. E., and M. Mohiuddin. 1994. The impact of 

radiation dose in combined external beam and 

intraluminal Ir-192 brachytherapy for bile duct cancer. 

Int. J. Radiat. Oncol. Biol. Phys. 28:945–951.

20.	� Autorino, R., G. C. Mattiucci, F. Ardito, M. Balducci, 

F. Deodato, G. Macchia, et al. 2016. Radiochemotherapy 

with gemcitabine in unresectable extrahepatic 

cholangiocarcinoma: long-term results of a phase II 

study. Anticancer Res. 36:737–740.

21.	� Deodato, F., G. Clemente, G. C. Mattiucci, G. Macchia, 

G. Costamagna, F. Giuliante, et al. 2006. 

Chemoradiation and brachytherapy in biliary tract 

carcinoma: long-term results. Int. J. Radiat. Oncol. Biol. 

Phys. 64:483–488.

22.	� Bowling, T. E., S. M. Galbraith, A. R. Hatfield, J. 

Solano, and M. F. Spittle. 1996. A retrospective 

comparison of endoscopic stenting alone with stenting 

and radiotherapy in non-resectable cholangiocarcinoma. 

Gut 39:852–855.

23.	� Shaib, Y. H., J. A. Davila, K. McGlynn, and H. B. 

El-Serag. 2004. Rising incidence of intrahepatic 

cholangiocarcinoma in the United States: a true 

increase? J. Hepatol. 40:472–477.

24.	� What are the key statistics about bile duct cancer?: 

American Cancer Society. 2016. [Available from: http://

www.cancer.org/cancer/bileductcancer/detailedguide/

bile-duct-cancer-key-statistics.

25.	� Giobbie-Hurder, A., R. D. Gelber, and M. M. Regan. 

2013. Challenges of guarantee-time bias. J. Clin. Oncol. 

31:2963–2969.

26.	� Anderson, J. R., K. C. Cain, and R. D. Gelber. 2008. 

Analysis of survival by tumor response and other 

comparisons of time-to-event by outcome variables. 

J.  Clin. Oncol. 26:3913–3915.

27.	� Anderson, J. R., K. C. Cain, and R. D. Gelber. 1983. 

Analysis of survival by tumor response. J. Clin. Oncol. 

1:710–719.

28.	� Zhou, Z., E. Rahme, M. Abrahamowicz, and L. Pilote. 

2005. Survival bias associated with time-to-treatment 

initiation in drug effectiveness evaluation: a comparison 

of methods. Am. J. Epidemiol. 162:1016–1023.

29.	� Suissa, S. 2008. Immortal time bias in pharmaco-

epidemiology. Am. J. Epidemiol. 167:492–499.

30.	� Robert, S. A., I. Strombom, A. Trentham-Dietz, J. M. 

Hampton, J. A. McElroy, P. A. Newcomb, et al. 2004. 

Socioeconomic risk factors for breast cancer: 

distinguishing individual- and community-level effects. 

Epidemiology 15:442–450.

31.	� Klabunde, C. N., J. L. Warren, and J. M. Legler. 2002. 

Assessing comorbidity using claims data: an overview. 

Med. Care 40:IV-26–IV-35.

32.	� Klabunde, C. N., A. L. Potosky, J. M. Legler, and J. L. 

Warren. 2000. Development of a comorbidity index using 

physician claims data. J. Clin. Epidemiol. 53:1258–1267.

33.	� Charlson, M. E., P. Pompei, K. L. Ales, and C. R. 

MacKenzie. 1987. A new method of classifying 

prognostic comorbidity in longitudinal studies: 

development and validation. J.  Chronic Dis. 40:373–383.

34.	� Deyo, R. A., D. C. Cherkin, and M. A. Ciol. 1992. Adapting 

a clinical comorbidity index for use with ICD-9-CM 

administrative databases. J. Clin. Epidemiol. 45:613–619.

35.	� Romano, P. S., L. L. Roos, and J. G. Jollis. 1993. 

Adapting a clinical comorbidity index for use with 

ICD-9-CM administrative data: differing perspectives. 

J.  Clin. Epidemiol. 46:1075–1079; discussion 1081–90.

36.	� Davidoff, A. J., I. H. Zuckerman, N. Pandya, F. 

Hendrick, X. Ke, A. Hurria, et al. 2013. A novel 

approach to improve health status measurement in 

observational claims-based studies of cancer treatment 

and outcomes. J. Geriatr. Oncol. 4:157–165.

37.	� Davidoff, A. J., L. D. Gardner, I. H. Zuckerman, F. 

Hendrick, X. Ke, and M. J. Edelman. 2014. Validation 

of disability status, a claims-based measure of functional 

status for cancer treatment and outcomes studies. Med. 

Care 52:500–510.

http://www.cancer.org/cancer/bileductcancer/detailedguide/bile-duct-cancer-key-statistics
http://www.cancer.org/cancer/bileductcancer/detailedguide/bile-duct-cancer-key-statistics
http://www.cancer.org/cancer/bileductcancer/detailedguide/bile-duct-cancer-key-statistics


138 © 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

E. L. Pollom et al.Radiotherapy for Biliary Tract Cancer

38.	� Warren, J. L., L. C. Harlan, A. Fahey, B. A. Virnig, J. 

L. Freeman, C. N. Klabunde, et al. 2002. Utility of the 

SEER-medicare data to identify chemotherapy use. Med. 

Care 40:IV-55–IV-61.

39.	� Jinkins, L. J., A. D. Parmar, Y. Han, C. B. Duncan, K. 

M. Sheffield, K. M. Brown, et al. 2013. Current trends 

in preoperative biliary stenting in patients with 

pancreatic cancer. Surgery 154:179–189.

40.	� Giordano, S. H., Y. F. Kuo, Z. Duan, G. N. 

Hortobagyi, J. Freeman, and J. S. Goodwin. 2008. 

Limits of observational data in determining outcomes 

from cancer therapy. Cancer 112:2456–2466.

41.	� Schoenfeld, D. 1982. Partial residuals for the proportional 

hazards regression model. Biometrika 69:239–241.

42.	� Fuller, C. D., S. J. Wang, M. Choi, B. G. Czito, J. 

Cornell, T. M. Welzel, et al. 2009. Multimodality 

therapy for locoregional extrahepatic cholangiocarcinoma: 

a population-based analysis. Cancer 115:5175–5183.

43.	� Dafni, U. 2011. Landmark analysis at the 25-year landmark 

point. Circ. Cardiovasc. Qual. Outcomes 4:363–371.

44.	� Jarnagin, W. R., L. Ruo, S. A. Little, D. Klimstra, M. 

D’Angelica, R. P. DeMatteo, et al. 2003. Patterns of 

initial disease recurrence after resection of gallbladder 

carcinoma and hilar cholangiocarcinoma: implications for 

adjuvant therapeutic strategies. Cancer 98:1689–1700.

45.	� Sempoux, C., G. Jibara, S. C. Ward, C. Fan, L. Qin, S. 

Roayaie, et al. 2011. Intrahepatic cholangiocarcinoma: 

new insights in pathology. Semin. Liver Dis. 31:49–60.

46.	� Todoroki, T., K. Ohara, T. Kawamoto, N. Koike, S. 

Yoshida, H. Kashiwagi, et al. 2000. Benefits of adjuvant 

radiotherapy after radical resection of locally advanced 

main hepatic duct carcinoma. Int. J. Radiat. Oncol. 

Biol. Phys. 46:581–587.

47.	� Kuvshinoff, B. W., J. G. Armstrong, Y. Fong, K. 

Schupak, G. Getradjman, N. Heffernan, et al. 1995. 

Palliation of irresectable hilar cholangiocarcinoma with 

biliary drainage and radiotherapy. Br. J. Surg. 

82:1522–1525.

48.	� Kissane, D. W. 2013. Marriage is as protective as 

chemotherapy in cancer care. J. Clin. Oncol. 31:3852–3853.

49.	� Bhargava, A., and X. L. Du. 2009. Racial and 

socioeconomic disparities in adjuvant chemotherapy for 

older women with lymph node-positive, operable breast 

cancer. Cancer 115:2999–3008.

50.	� Bach, P. B., L. D. Cramer, J. L. Warren, and C. B. 

Begg. 1999. Racial differences in the treatment of 

early-stage lung cancer. N. Engl. J. Med. 341:1198–1205.

51.	� Aizer, A. A., M. H. Chen, E. P. McCarthy, M. L. 

Mendu, S. Koo, T. J. Wilhite, et al. 2013. Marital status 

and survival in patients with cancer. J. Clin. Oncol. 

31:3869–3876.

52.	� Le, Q. T., H. Shirato, A. J. Giaccia, and A. C. Koong. 

2015. Emerging treatment paradigms in radiation 

oncology. Clin. Cancer Res. 21:3393–3401.

53.	� Welzel TM, K.A. McGlynn, A.W. Hsing, T.R. O’Brien, 

R.M. Pfeiffer. 2006. Impact of classification of hilar 

cholangiocarcinomas (Klatskin tumors) on the incidence 

of intra- and extrahepatic cholangiocarcinoma in 

the  United States. J. Natl Cancer Inst. 98: 873–875.

54.	� Bergstralh, E. J., and J. L. Kosanke. 1995. Computerized 

matching of controls. Technical Report Series No. 56, 

Department of Health Science Research, Mayo Clinic, 

Rochester.

55.	� Austin, P. C. 2011. Optimal caliper widths for 

propensity-score matching when estimating differences 

in means and differences in proportions in observational 

studies. Pharm. Stat. 10:150–161.

56.	� Yang, D., and J. E. Dalton. A unified approach to 

measuring the effect size between two groups using 

SAS. SAS Global Forum 2012.

Appendix A

The SEER-Medicare database links information from the 
SEER tumor registries and the Centers for Medicare and 
Medicaid Services (CMS) Medicare claims data. SEER 
includes individual cancer registries across the United 
States, covering approximately 28% of the US population, 
and includes information about tumor stage, patient de-
mographics, and first course of treatment. These registry 
data are linked to Medicare claims files by encrypted 
patient identifiers. The Medicare program provides pay-
ment records for hospital, physician and outpatient medical 
services for 97% of US citizens who are 65 years or older.

We identified patients with invasive biliary tract tumors 
diagnosed between 1998 and 2011 using topographic 
and morphology codes [53] (Table  A1). We excluded 
patients who had undergone resection, identified using 

SEER coding for surgery of the primary site. We also 
excluded patients who had prior malignancies or 
unknown stage. In order the ensure the completeness 
of Medicare claims records, we restricted our cohort to 
patients who had continuous enrollment in Medicare 
Part A and Part B during the 16  month period from 
12  months prior to diagnosis to 4  months after diag-
nosis. This restriction allowed ascertainment of comor-
bidity status as well as initial treatment at diagnosis. 
In addition, the restriction excluded patients who died 
within 4 months of diagnosis to address potential immor-
tal time bias [25–29]. Patients who died within this 
time would not have had the opportunity to undergo 
and benefit from radiation. This interval was chosen a 
priori to be broad enough after diagnosis to allow receipt 
of radiotherapy, but narrow enough so as to avoid 
counting radiation courses for disease progression or 
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recurrence. We also excluded patients who were enrolled 
in a non-Medicare health maintenance organization dur-
ing this time period because their billing claims are not 
submitted to Medicare for reimbursement. Similarly, we 
excluded patients without any claims during the month 
of diagnosis as they likely had other insurance that 
covered their cancer work-up and treatment. Table  A2 
summarizes our cohort selection process.

Appendix B

Claim codes.

Appendix C

Propensity-score analyses.
As we found a significant interaction between radiation 
and chemotherapy in our Cox multivariate model, we 
analyze those who received chemotherapy and those who 
did not receive chemotherapy in separate propensity-score 
matched analyses. Propensity scores were estimated using 
a logistic regression model with radiation treatment as 
the dependent variable and covariates that would affect 
both treatment selection and outcome as independent 
variables (Table 1). Patients were then matched 1:1 without 

Table A2. Cohort selection algorithm for SEER-Medicare analyses.

Steps No. Percent

Biliary tract tumor histology 18,984 100%
Surgery status known and did not undergo surgery for biliary tract cancer 11,458 60%
Invasive cancer, no prior malignancy and known stage 8022 42%
Had Medicare Part A/B coverage and were not enrolled in any HMO during the 16-month period starting 12 months 
before and 4 months after diagnosis1

2406 13%

No claims found during diagnosis period 2343 12%

1This excludes patients who died within 4 months of diagnosis (for landmark analysis) because these patients would not have had coverage.

Type HCPCS/CPT ICD-9
Revenue 
center National drug code (DME files)

Chemotherapy 
administration

J8500-J9999, J7150, 964xx, 965xx, Q0083-Q0085, 
C8953-5, C9414-37, G0355-62, S0115-6, 
S9329-31

V58.1, V66.2, 
V67.2, 99.25

0331, 0332, 
0335

00004110020, 00004110150, 
00004110116, 00004110051, 
00004110013, 00004110022, 
00004110113, 00004110151, 
00004110175

Radiotherapy 
delivery codes

C1715-C1720, C2616, C2632-C2640, C2698-9, 
0073T, 0082T, G0173-4, G0243, G0251, 
G0339-40, 77225, 77371-3, 77418, 77401-
77431, 77469-70, 77499, 77520, 77522-3, 
77750, 77761-77763, 77776-77778, 77781-
77787, 77789-90, 77799

V58.0, 92.2, 
92.3, 92.4

333 –

Biliary stent/drain 43260-9, 43271-2, 74320, 74328-30, 74363, 
75980, 75982, 47510-1, 47525, 47530, 47555, 
47556

51.10-1, 51.64, 
51.84-7, 51.9, 
51.98-9, 52.13, 
52.93, 87.51

– –

Influenza shot 90658, G0008 V0481 – –

Table A1. Topographic and morphology codes for biliary tract tumors used in cohort selection.

Tumor type
Topographic code 
(anatomic site) Morphology

Extrahepatic 
cholangiocarcinoma

C24.0 8000, 8001, 8010, 8020, 8021, 8022, 8140, 8160, 8161, 8260, 8261, 8263, 8480, 8481, 8490, 
8500, 8560

C24.1 8160
any 8162, 8163

Intrahepatic 
cholangiocarcinoma

C22.0 8160, 8161
C22.1 8000, 8001, 8010, 8140, 8160, 8161, 8310, 8480, 8481, 8500, 8490

Galbladder C23.9 8000, 8001, 8010, 8020, 8021, 8022, 8140, 8260, 8261, 8263, 8480, 8481, 8490, 8560, 8570
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replacement, using a greedy matching algorithm [54] with 
a maximum caliper of 0.2 times the standard deviation 
of the logit of the propensity score [55]. By matching 

on the propensity score, we hoped to identify radiated 
and non-radiated patients with a comparable distribution 
of observed covariates, We restricted the analysis to 

Table C1. Absolute standardized differences (averaged over imputed datasets) of all covariates before and after matching.

Characteristic

Chemotherapy No chemotherapy

Before matching After matching Before matching After matching

Absolute standardized differences

Age at diagnosis 0.17 0.09 0.30 0.03
Gender 0.21 0.008 0.09 0.07
Race 0.16 0.03 0.15 0.00
Marital status 0.19 0.02 0.24 0.08
Comorbidity index 0.03 0.02 0.03 0.10
Disability status 0.04 0.03 0.28 0.09
Tumor type 0.47 0.09 0.29 0.07
SEER historic stage 0.61 0.10 0.24 0.06
Year of diagnosis 0.40 0.09 0.08 0.06
SEER registry 0.17 0.08 0.10 0.11
SES composite index 0.13 0.05 0.10 0.08
Rural/urban 0.04 0.00 0.07 0.07
State buy-in 0.12 0.09 0.30 0.08
Stent/drain 0.63 0.04 0.19 0.03

Figure C1.  Distribution of propensity scores of radiation (top) and no radiation groups (bottom) (a) before matching in no chemotherapy group, 
(b) before matching in chemotherapy group, (c) after matching in no chemotherapy group and (d) after matching in chemotherapy group.
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observations with a propensity score range that was com-
mon to both treated and untreated patients, excluding 
all patients in the non-overlapping parts of the propensity 
score distribution.

Of the 274 patients who received both radiation and 
chemotherapy within the first 4  months of diagnosis, 254 
patients were matched to a control who received chemo-
therapy but no radiation. We were able to match 170 
patients of the 177 patients who received only radiation 
and no chemotherapy within the first 4  months of diag-
nosis to a patient who did not receive radiation or chemo-
therapy. We then examined balance in baseline covariates 
using standardized differences. Because many of our base-
line variables were categorical, we used a multivariate 

Mahalanobis distance method to generalize the standardized 
difference metric to handle a multinomial sample [56]. 
Standardized mean differences of all the covariates were 
overall reduced after matching (Table  C1). The distribu-
tions of the propensity scores before and after matching 
are shown in Figure C1 for chemotherapy and no chemo-
therapy cohorts respectively.

Among those who received chemotherapy, radio-
therapy was associated with improved overall survival, 
with a hazard ratio of 0.77 (95% CI 0.65–0.92, 
P  =  0.004). Among those who did not receive chemo-
therapy, radiotherapy was not associated with improved 
overall survival, with a hazard ratio of 0.97 (95% CI 
0.79–1.21, P  =  0.81).


