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Abstract

Objective—Procedural volume is associated with outcomes for many surgical interventions.
Little is known about the association between volume and outcomes of radiation. We examined
the association between treatment center and hospital volume and outcomes for women with
locally advanced cervical cancer treated with radiation.

Methods—Women with stage 11B-1VA cervical cancer treated with primary radiation from
1998-2011 and recorded in the National Cancer Database were examined. Hospital volume was
estimated as the mean annualized volume, while center-specific effects on care were examined
using a hospital-specific random effect. Multivariable regression models adjusted for metrics of
treatment quality were used to estimate survival.

Results—20,766 patients treated at 1115 hospitals were identified. The median follow-up was
24.2 months while 5-year survival was 36.5% (95% CI, 35.6-37.4%). Higher hospital volume was
associated with receipt of brachytherapy (P<0.05), but had no effect on use of chemotherapy. In a
multivariable model accounting for clinical and demographic factors as well as quality of care,
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hospital volume was not associated with survival (P=0.25). The specific hospital in which patients
received care was the strongest predictor of survival (P<0.0001) followed by stage, year of
diagnosis and treatment quality (P<0.0001 for all). The hospital-specific effect on mortality
expressed as a hazard ratio, ranged from 0.66-1.53 across hospitals.

Conclusion—For locally advanced cervical cancer, hospital volume has a minimal impact on
outcome; however, the specific center in which care is delivered is strongly associated with

survival.
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Introduction

Women with locally advanced cervical cancer (stages 11B-1VA) have tumors that have
spread beyond the cervix to the adjacent pelvic structures. In the late 1990’s, a series of
studies demonstrated that chemotherapy combined with radiation therapy was superior to
radiation alone for these neoplasms.14 The magnitude and consistency of the survival
benefit demonstrated in these studies prompted the National Cancer Institute to issue a
clinical alert in 1999 recommending that chemoradiation should be considered the standard
of care for patients with newly diagnosed, advanced stage cervical cancer.®

The multimodal treatment of locally advanced cervical cancer is complex. External beam
radiotherapy is typically administered every day with concurrent, weekly cisplatin. In
addition, curative intent therapy requires intracavitary brachytherapy delivered through an
apparatus placed directly into the cervix and vagina. Appropriate radiation planning is
essential to ensure delivery of an adequate therapeutic dose to the pelvis while minimizing
toxicity to surrounding tissues.5 However, given the decreasing incidence of cervical cancer
in the United States, many centers treat only a small number of patients each year.

For many complex medical interventions, procedural volume has been shown to have an
association with treatment outcomes.”-12 This paradigm has been demonstrated for high-risk
oncologic and cardiovascular surgical procedures in which outcomes are superior when the
operations are performed by high-volume surgeons at high-volume centers.”12 The
improved outcomes for high-volume providers are likely due to a multitude of factors,
including increased technical expertise, adherence to evidence-based treatment
recommendations, and appropriate management of complications.13-15

Despite the fact that delivery of therapeutic radiation is often technically demanding, there
has been little prior data exploring the influence of the treating hospital on outcomes in
patients treated with primary radiotherapy. We performed a population-based analysis to
examine the influence of treatment center and hospital volume on quality of care and
survival for women with locally advanced cervical cancer.
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Methods

Data Source and Patient Selection

Data from the National Cancer Data Base (NCDB) was utilized. NCDB is a nationwide
oncology outcomes database sponsored by the American College of Surgeons and American
Cancer Society.16:17 NCDB captures data on approximately 70% of all newly diagnosed
invasive cancers and includes over 1500 Commission on Cancer (CoC) affiliated hospitals
from across the United States. NCDB collects data on patient demographics, tumor
characteristics, staging data, treatment information, and survival.16:17 Data are abstracted by
trained cancer registrars and are regularly audited to ensure accuracy. The Columbia
University Institutional Review Board deemed the study exempt.

Women with stage 11B-1VVA cervical cancer diagnosed from 1998-2011 were included in the
analysis. We included only those patients whose initial, primary treatment included radiation
therapy. Patients treated with primary surgery and those who did not receive any treatment
were excluded. As survival data in NCDB is only included for patients with at least five
years of follow-up, we present data on the entire cohort (1998-2011) and analyzed survival
outcomes in a limited survival cohort (1998-2006).

Treating Hospital and Hospital Volume

The treating hospital was defined as the hospital in which radiation was administered. The
primary analysis was limited to patients who received their entire course of radiotherapy at
the institution in which treatment was initiated. A sensitivity analysis including patients who
received radiation at multiple facilities was also performed. Prior studies have explored
modeling volume in a variety of fashions.18 The primary analysis of hospital volume was
performed using annualized hospital volume.18 For each hospital, we calculated the total
number of patients treated and divided this by the number of years in which a hospital
treated at least one patient with locally advanced cervical cancer. Exploratory analyses were
performed modeling volume in several ways. First, we classified previous year volume as
the number of cases treated at a given hospital in the calendar year prior to the index patient.
Second, we defined current year volume as the number of cases treated at a given hospital in
the same calendar year in which an index patient was treated.

The primary analysis was performed including hospital volume as a continuous variable.18
We also explored the influence of classifying hospital volume as a categorical variable and
dividing the cohort into patient-based quartiles: <2, 2-3.99, 4-5.99, and =6 cases per year.

Variables and Outcomes

Clinical variables analyzed included age (<40, 40-49, 50-59, 60-6, =70 years), race (white,
black, Hispanic, other), insurance (commercial, Medicare, Medicaid, uninsured, other),
Tumor characteristics included grade (1, 2, 3, or unknown), stage, and histology (squamous,
adenocarcinoma, adenosquamous, or other). Hospital characteristics analyzed included
region (northeast, midwest, south, or west) and location (metropolitan, urban, rural). Based
on the ACS CoC criteria, hospitals are also classified as academic/research cancer centers or
community cancer centers.1?
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A number of metrics of treatment quality were analyzed. For each patient, receipt of
brachytherapy (either low or high dose rate) as well as chemotherapy was recorded. The
primary outcome of the analysis was survival.16 Survival is reported as all cause mortality
and includes death from cancer and other causes.

Statistical Analysis

Frequency distributions for categorical variables were analyzed across volume quartiles
using x2 tests. Median volume for each quartile is reported along with interquartile ranges
(IQR). Generalized linear mixed effects models using a Poisson distribution and a log link
function were developed to examine predictors of treatment. These models included all of
the clinical and demographic variables as well as a hospital-specific random effect to
account for hospital-level clustering.1® Multivariable models were developed to estimate
factors associated with treatment at high-volume hospitals (annual volume >6 patients) and
to explore factors associated with use of evidence-based treatments (brachytherapy and
chemotherapy). To examine whether cluster size influenced outcomes, we performed
sensitivity analyses using cluster weighted generalized estimating equations (CWGEE) that
account for informative cluster size through inverse weighting.2°

Survival was assessed using mixed-effects Cox proportional hazards regression models.?!
Covariates for these models were chosen using purposeful selection.21:22 We first included
all variables that were significant at the P<0.02 level in bivariate analysis, as well as all
variables thought to be of clinical significance. We then removed variables that did not
contribute to the multivariate fixed-effects model based on a P-value of >0.05 and a change
in the coefficient of the remaining variables by >209%.21:23 Based on this selection, we
constructed a model (clinical model) including the following patient and hospital
characteristics: age, year of diagnosis, tumor histology, tumor grade, stage, race, insurance
status, hospital type, and hospital region. To account for differences in quality of treatment,
a treatment-adjusted model was developed that included the above covariates as well as
receipt of brachytherapy and chemotherapy.

The assumption of proportionality was assessed visually by plotting scaled Schoenfeld
residuals.2:24 A hospital-specific random effect was included in the Cox proportional
hazards regression model to assess the center-specific effects on survival. The models
assumed that the random effect followed a Gaussian distribution with a mean of 0. The
proportional hazard assumption for the random effect was tested by fitting fixed-effect Cox
models with the covariates of interest along with the random effect from the mixed-effects
Cox model and visually inspecting the scaled Schoenfeld residuals.

The primary models included annualized hospital volume as a continuous variable. The
linear relationship between annualized hospital volume and the log-hazard for death was
assessed by Martingale residual plots. Sensitivity analyses were performed in which volume
was modeled as a categorical variable; volume was estimated as the previous year volume,
or current year volume. Additional models excluding stage IVA patients, limited to stage
[11B subjects, and models excluding the lowest volume hospitals were also developed.
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The relative importance of each variable on survival was assessed using variations in the
Akaike information criteria (AIC) induced by removing individual covariates from the
models.21 A higher AIC in a multivariable model indicates a greater importance for the
given variable omitted from the model. Separate analyses were performed using the clinical
model and the treatment adjusted model.

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, North
Carolina, USA) and the “coxph” and “coxme” routine in the R programing language version
3.1.1 (R Foundation for Statistical Computing, Vienna, Austria).2> All analyses were two-
tailed and a P-value of <0.05 was considered statistically significant.

A total of 20,766 patients who received all their radiation treatments at 1115 hospitals were
identified (Table 1, Supplemental table 1). Overall, the median annualized number of
patients was 3.6 per year (IQR, 2.2-5.9). When stratified by center volume, there were 4027
patients treated in 664 hospitals with a volume of <2 cases per year, 7237 patients in 315
centers with a volume of 2-3.99 cases per year, 4447 women at 86 centers with a volume of
4-5.99 cases and 5055 patients at 50 hospitals with a volume of >6 cases per year (Table 1).

Predictors of Treatments and Treatment Center

In a multivariable Logistic model, patients treated at academic centers were more likely to
receive care at a high-volume facility (OR=7.41; 95% ClI, 6.82-8.05) (Supplemental table 2).
Patients with private insurance were less likely to receive treatment at a high-volume center
than Medicaid/Medicare recipients and women without insurance coverage. Hispanic
women were more likely to receive treatment at a high-volume center while women aged 70
years or above were less likely to choose a high volume hospital. Patients treated in the
Northeast were less likely to receive care at a high volume hospital than those treated in
other areas. In a series of models examining the association between volume and quality of
care, we noted that there was no association between center volume and receipt of
chemotherapy (RR=1.003; 95% CI, 0.998-1.008); however, increasing center volume was
associated with a slightly greater likelihood of receiving brachytherapy (RR=1.026; 95% ClI,
1.013-1.039) (Table2). These findings were similar in a sensitivity analyses performed using
models that were based on cluster weighted GEE (Supplemental table 3).

Survival Outcomes

The survival cohort consisted of 12,048 patients from 1008 hospitals (Supplemental table 1).
The median follow-up was 24.2 months (IQR, 11.1-61.4). At last follow-up, 7452 (61.9%)
patients had died while 4596 (38.1%) were alive. The overall observed survival rate was
77.3% (95% Cl, 76.5-78.0%) at 1-year, 46.6% (95% Cl, 45.6-47.5%) at 3-years, and 36.5%
(95% Cl, 35.6-37.4%) at 5-years.

In a mixed-effects Cox model accounting for clinical and demographic variables, the
specific hospital in which a patient received care was the most important predictor of
survival (rank 1, P<0.0001) (Table 3). Stage (rank 2, P<0.0001) and year of diagnosis (rank
3, P<0.0001) were the most important predictors of survival following hospital effect. Other
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factors statistically significantly associated with survival included age at diagnosis, race,
tumor grade, histology, and insurance status (P<0.0001 for all). In this model, annualized
hospital volume was associated with survival (HR=0.98; 95% ClI, 0.97-0.99; P=0.01, rank
9).

In a mixed-effects Cox model in which metrics of quality of treatment were added, the
hospital effect (rank=1, P<0.0001) remained the most important predictor of survival, while
hospital volume was no longer associated with survival (HR=0.99; 95% CIl, 0.98-1.00;
P=0.25). In this model, receipt of brachytherapy (rank=4), and chemotherapy (rank=5) also
contributed substantially to survival (all P<0.0001). The importance of the other covariates
was similar to the clinical model.

Individual Hospital Effects

Based on the mixed-effects treatment-adjusted Cox model, there was a statistically
significant hospital effect on survival that followed a normal distribution with a mean of 0
and a SD of 0.22 (95% CI, 0.19 to 0.26). The association between the specific hospital in
which a patient was treated and mortality expressed as an HR, ranged from 0.66 (95% ClI,
0.60 to 0.72) to 1.53 (95% ClI, 1.40 to 1.67) across the individual hospitals (Figure 1A).
Based on the treatment-adjusted model, 1-, 3- and 5-year survival probabilities were
expected to vary by center from 12.3% to 92.5%, 0.1% to 77.3%, and 0% to 70.2%,
respectively. When stratified by volume quartiles, there remained significant variability
between the hospitals within each quartile for mortality (Figure 1B, Supplemental Figure 1).

Sensitivity Analyses

A series of sensitivity analyses were performed in which hospital volume was modeled as a
categorical variable and the measurement period for volume altered (Table 4). When
annualized volume was stratified into quartiles, there was no association between volume
and survival. Similarly, when hospital volume was measured as the volume in the year prior
to treatment of a given patient, there was no association between volume and survival. When
volume was estimated as the volume during the year in which the index patient was treated,
survival was improved at the highest volume centers (HR=0.90; 95% CI, 0.82-0.97) and
when volume was a continuous variable (HR=0.99; 95% CI, 0.98-1.00). Similarly, there was
no association between volume and survival when patients with stage IV tumors were
removed, when the analysis was limited to women with stage 111B neoplasms or when very
low volume hospitals (<2 annualized cases) were excluded. Finally, we analyzed patients
who received a portion of their treatment at multiple facilities. In this analysis, our findings
were largely unchanged.

Discussion

For women with locally advanced cervical cancer, our findings suggest that the center in
which treatment is delivered is highly associated with survival; however, hospital volume
has little influence on outcomes. While adherence to evidence-based treatment
recommendations is associated with improved survival, this alone does not explain the
hospital variability in survival rates.
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We noted substantial center-specific variation in survival for cervical cancer patients treated
with primary radiotherapy. These findings imply that outcome is highly dependent upon the
particular hospital in which a woman receives care, yet it is difficult to define specific
hospital characteristics that are associated with improved outcomes. There is growing
recognition of the importance of between-hospital variation in medicine.21:26-28 An analysis
of U.S. lung transplant centers found a substantial center-specific effect on survival that was
not explained by volume or other characteristics.2! Similarly, a study examining radioactive
iodine use for thyroid cancer noted that 29% of the variation in treatment allocation was
unexplained by measurable patient, tumor, and hospital factors.2® The center-specific effects
we noted were independent of volume and remained even after adjustment for metrics of
quality of care for advanced stage cervical cancer.

Hospital volume had a minimal impact on outcomes for stage 11B-IVVA cervical cancer. The
association between higher physician and hospital volume and improved outcomes has been
shown for a number of high-risk surgical procedures.”-12 An analysis of 2.5 million patients
who underwent one of 14 cancer resections or cardiovascular procedures noted that
mortality for each procedure decreased with increasing surgical volume.? Similar finding
have been noted for surgeon volume, which may also account for some of the influence of
hospital volume on outcome.19 The association with volume and outcomes is most
pronounced for high-risk procedures that are associated with substantial morbidity, but
appears to be more modest for lower risk operations.2%:30

To date there have been few studies that have explicitly examined the influence of center
volume on outcomes in radiation oncology. Given that primary radiotherapy is technically
demanding and requires specialized expertise in planning and delivery, there is a strong
rationale for why hospital volume would influence outcomes. Further, the incidence of
invasive cervical cancer has declined in the U.S. and many centers treat a very small number
of women annually for this disease. Despite this rationale, we found no association between
center volume and survival.

While studies of procedural volume are associated with a number of methodological
challenges, we attempted to rigorously address these limitations.18:31 First, to account for
hospital-level clustering, our primary analysis relied on mixed-effects Cox regression
models that included a hospital-specific random effect.19.21 Second, we modeled volume in
a number of ways including as both a continuous and categorical variables and we estimated
volume using a number of alternative methods including annualized volume, prior year
volume and current year volume.18:32 Finally, a number of sensitivity analyses were
performed examining various subsets of patients. Consistently, we noted that volume had a
minimal impact on survival either with or without adjustment for quality of treatment while
there remained a strong center-specific association with survival. These analyses may
explain in part why our findings differ from prior analyses.33

Encouragingly, the use of chemotherapy increased over time, however, there was a
pronounced decline in the use of brachytherapy in the more recent years of study. While
higher hospital volume was associated with receipt of brachytherapy, there was no
relationship between volume and use of chemotherapy. Prior studies have often shown an
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association between physician and hospital volume and compliance with evidence-based
treatment recommendations.14-34:35 More importantly, in a number of clinical scenarios,
adherence to best practice guidelines can mitigate center-specific and volume associated
influences on outcomes.36:37 While we noted that the use of evidence-based treatments was
associated with survival, adherence did not blunt the strong center-specific influence on
survival.

Our findings should be interpreted in light of a number of limitations. While NCDB data
capture is a highly structured process and subject to rigorous quality control, some aspects of
treatment, particularly use of brachytherapy, may be under captured.38:3% However, even if
some aspects of care are under coded, this is likely to be balanced across hospitals and
unlikely to impact our findings. We were unable to capture a number of details of the
radiation delivered including fields and total fractions delivered. However, a priori we
hypothesized that if high volume centers had improved survival that it was likely mediated
through higher quality radiation (appropriate doses, fields, timing, and delivery). It would be
of great interest to further examine whether both volume and between-hospital variation are
associated with specific attributes of radiation delivery. Likewise, other factors that may
have influenced treatment and outcome, such as comorbidity, were not available for the
entire study period. While our primary analysis focused on survival, examining variation in
short and long-term toxicities would be of great interest. Given the large sample size small
differences that are statistically significant may not be clinically meaningful. Finally, as with
any study of administrative data, we are unable to capture individual patient and physician
preferences that influenced treatment selection.

These findings have a number of important policy implications for the treatment of locally
advanced cervical cancer. First, hospital volume does not appear to be a useful structural
metric of quality. Second, given the strong center-specific variation in survival, efforts
should be focused on elucidating why these differences exist. At present, strategies to inform
patient choice and guide referral to high performing centers are limited. More structured
quality initiatives to report hospital outcomes for cervical cancer and, perhaps, public
reporting of risk-adjusted data may improve informed decision making of patients and drive
quality improvement at low performing hospitals.? Lastly, the highly disparate outcomes
across hospitals suggest that standardizing the care of women with locally advanced cervical
cancer may have a meaningful impact on survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

- For locally advanced cervical cancer, hospital volume has a minimal impact
on outcome.

- The specific center in which care is delivered is strongly associated with
survival.

Gynecol Oncol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Wright et al.

Adjusted hazard ratio (95% CI) for mortalify:b

06
Volume Quartile Group

Adjusted hazard ratio (95% Cl) for mortality w

Figure 1.
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Hospitals

2nd (2-3.99) e (4-599)  4th (>=6)

Hospitals

A. Adjusted hazard ratio for death for each hospital ranked by lowest (0.66) to highest (1.53)
hazard ratio with 95% confidence intervals. Hazard ratios derived from treatment-adjusted
models and includes all clinical and demographic variables as well as treatment metrics.

B. Adjusted hazard ratio for death for each hospital stratified by annualized volume
quartiles. Within each quartile hospitals are ranked from the lowest to highest hazard ratio

with 95% confidence intervals.
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Table 1

Clinical and demographic characteristics stratified by hospital volume.

<2 2-3.99 4-5.99 =6 P-value

N (%) N (% N (%) N (%)

Number of hospitals

Patients

Median (IQR)

Year of diagnosis
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Age

Race
White
Black
Hispanic
Other
Unknown
Insurance status
Commercial
Medicare
Medicaid
Uninsured
Other
Unknown

Region

664 315 86 50
4027 7237 4447 5055
15(1.3-17) 28(2334) 47(4354) 87 (6.7-11.5)
<0.0001
309 (21.8) 492 (34.8) 333 (235) 281 (19.9)
264 (212) 410 (32.9) 288 (23.1) 284 (22.8)
238 (217) 393 (35.8) 223 (20.3) 243 (22.2)
221 (206) 397 (36.9) 209 (19.4) 248 (23.1)
155 (26.2) 201 (34.0) 115 (194) 121 (20.4)
350 (20.8) 575 (342) 366 (21.8) 391 (23.3)
317 (186) 614 (36.1) 341 (20.0) 430 (25.3)
294 (179) 582 (354) 369 (225) 399 (24.3)
298 (185) 567 (35.1) 363 (22.5) 387 (24.0)
288 (165) 608 (34.8) 374 (214) 478 (27.4)
319 (186) 582 (33.9) 379 (221) 437 (255)
312 (179) 598 (34.3) 384 (220) 452 (25.9)
333 (19.1) 589 (33.8) 360 (20.6) 463 (26.5)
329 (189) 629 (36.1) 343 (19.7) 441 (25.3)
<0.0001
532 (154) 1219 (35.3) 782 (22.6) 925 (22.6)
884 (169) 1737 (33.3) 1187 (22.7) 1411 (22.7)
991 (19.4) 1751 (34.2) 1056 (20.7) 1317 (20.7)
663 (19.7) 1236 (36.7) 713 (21.2) 756 (21.2)
957 (265) 1294 (35.9) 709 (19.7) 646 (19.7)
<0.0001
2872 (232) 4628 (37.4) 2381 (19.3) 2487 (20.1)
590 (12.8) 1479 (31.8) 1207 (25.9) 1377 (29.6)
346 (137) 764 (30.3) 499 (19.8) 917 (36.3)
187 (181) 323 (313) 287 (278) 236 (22.9)
32 (172) 43 (231) 73 (39.3) 38  (20.4)
<0.0001
356 (136) 792 (30.1) 606 (231) 874 (33.3)
1570 (20.8) 2798 (37.1) 1619 (215) 1552 (20.6)
753 (156) 1578 (327) 1064 (22.0) 1434 (29.7)
1227 (26.1) 1754 (37.2) 886 (188) 844 (17.9)
35 (158) 82 (369 70 (315) 35 (15.8)
86  (103) 233 (27.8) 202 (24.1) 316 (37.8)
<0.0001
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<2 2-3.99 4-5.99 >6 P-value
N (%) N (%) N (%) N (%)
Northeast 644 (14.2) 1845 (40.8) 1092 (24.1) 942  (20.8)
Midwest 1367 (27.7) 1683 (34.1) 896 (18.2) 985  (20.0)
South 1293 (15.6) 2892 (34.8) 1642 (19.8) 2484 (29.9)
West 723 (241) 817 (272) 817 (27.2) 644 (215)
Location <.0001
Metro 2057 (18.1) 5560 (34.1) 3625 (22.2) 4177 (25.6)
Urban 797 (25.9) 1155 (37.5) 475 (154) 654 (21.2)
Rural 95 (278) 126 (36.8) 64 (187) 57 (16.7)
Unknown 178  (17.4) 396 (38.7) 283 (27.6) 167 (16.3
Hospital type <.0001
Comrrr)lruongig r;:]ancer 3342 (32.7) 4470 437) 1469 (14.9) 942 9.2)
Academic 513  (5.1) 2642 (26.1) 2880 (28.4) 4099 (40.5)
Other 172 (421) 125 (306) 98  (240) 14  (3.4)
Histology 0.7496
Squamous 3271 (19.3) 5958 (35.1) 3620 (21.3) 4144 (24.4)
Adenocarcinoma 343 (20.0) 597 (349) 371 (21.7) 401 (23.4)
Adenosquamous 115 (19.8) 185 (31.9) 134 (23.1) 146 (25.2)
Other 298 (20.1) 497 (336) 322 (21.7) 364 (24.6)
Grade 0.0090
1 180 (20.2) 308 (34.6) 201 (226) 202 (22.7)
2 1212 (19.2) 2225 (352) 1318 (20.8) 1574 (24.9)
3 1462 (20.2) 2486 (34.3) 1491 (20.6) 1816 (25.0)
Unknown 1173 (18.7) 2218 (35.3) 1437 (22.8) 1463 (23.3)
Stage <.0001
1B 1426 (17.4) 2852 (349) 1812 (22.2) 2085 (25.5)
A 198 (231) 304 (354) 161 (187) 196 (22.8)
s 1955 (19.5) 3496 (34.8) 2124 (21.2) 2459 (24.5)
IVA 448 (264) 585 (345) 350 (20.6) 315 (18.6)
Brachytherapy <.0001
No 2284 (25.9) 2937 333) 1531 (17.3) 2080 (23.6)
Yes 1743 (146) 4300 36.0) 2916 (24.4) 2975 (24.9)
Chemotherapy <.0001
No 1010 (24.5) 1426 34.6) 847 (205) 840 (20.4)
Yes 2067 (18.1) 5730 349) 3554 (21.7) 4156 (25.3)
Unknown 50 (212) 81 343) 46 (195 59  (25.0)
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Table 2

Mixed effects models of receipt of evidence-based treatments.
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Chemotherapy

Brachytherapy

Annualized hospital volume

Year of diagnosis

1.003 (0.998-1.008)

1.026 (1.013-1.039)"

1998 Referent Referent
1999 1.90 (1.70- 2.11)"" 0.91 (0.83- 1.01)
2000 1.99 (1.78-2.21)""  0.88 (0.79- 0.98)"
2001 2.01 (1.80- 2.24)*  0.80 (0.72- 0.89)"*
2002 1.98 (1.75-2.25)""  0.33 (0.27- 0.40)""
2003 2.05 (1.85- 2.26)*  0.80 (0.72- 0.88)"*
2004 2.05(1.85-2.27)""  0.80(0.73- 0.89)""
2005 2.10 (1.90- 2.32)*  0.83 (0.75- 0.91)"
2006 2.16 (1.95-2.38)F  0.82 (0.74- 0.90)"
2007 2.11(1.91-2.33)"  0.83(0.75- 0.91)"
2008 2.15 (1.95-2.38)F  0.85 (0.77- 0.93)"
2009 2.18 (1.98-2.41)*  0.89 (0.81- 0.98)"
2010 2.20 (2.00- 2.43)  0.86 (0.78- 0.94)"
2011 2.16 (1.95-2.38)""  0.86 (0.78- 0.95)"
Age
<40 Referent Referent
40-49 0.99 (0.94- 1.03) 0.96 (0.91- 1.02)
50-59 0.96 (0.92- 1.01) 0.94 (0.89- 0,99)*
60-69 0.94 (0.89- 0.99)" 0.94 (0.88- 1.01)
=70 0.67 (0.62-0.72)*  0.77 (0.71- 0.84)"*
Race
White Referent Referent
Black 0.97 (0.93- 1.01) 0.97 (0.92- 1.02)
Hispanic 1.02 (0.97- 1.07) 1.02 (0.96- 1.09)
Other 1.02 (0.95- 1.10) 1.04 (0.95- 1.13)
Unknown 0.98 (0.84- 1.15) 0.97 (0.80- 1.18)
Insurance status
Commercial Referent Referent
Medicare 0.93 (0.88- 0.98)" 0.92 (0.86- 0.98)"
Medicaid 0.96 (0.92- 1.00) 0.92 (0.88- 0.97)"
Uninsured 0.98 (0.94- 1.03) 0.91 (0.85- 0.96)"
Other 0.98 (0.85- 1.14) 0.99 (0.83- 1.17)
Unknown 0.95 (0.88- 1.04) 0.83 (0.74- 0_93)*
Region
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Chemotherapy Brachytherapy
Northeast Referent Referent
Midwest 1.01 (0.96- 1.05) 0.99 (0.91- 1.08)
South 0.96 (0.92- 1.00) 0.92 (0.85- 1.00)
West 1.00 (0.95- 1.05) 0.83 (0.75- 0.92)"
Location
Metro Referent Referent
Urban 0.99 (0.95- 1.04) 1.01 (0.95- 1.07)
Rural 1.02 (0.91- 1.15) 1.11 (0.97- 1.28)
Unknown 1.01 (0.95- 1.09) 1.03 (0.95- 1.13)
Hospital type
Community cancer program Referent Referent
Academic 1.01 (0.97- 1.04) 1.03 (0.96- 1.11)
Other 0.93 (0.81- 1.06) 0.97 (0.82- 1.14)
Histology
Squamous Referent Referent

Adenocarcinoma
Adenosquamous
Other
Grade
1
2
3
Unknown
Sage
11B
A
1B
IVA
Brachytherapy
No
Yes

Chemotherapy
No

Yes

Unknown

0.98 (0.93- 1.04)
1.02 (0.93- 1.12)
0.98 (0.93- 1.05)

Referent
0.99 (0.92- 1.08)
0.99 (0.92- 1.07)
0.99 (0.91- 1.07)

Referent
0.98 (0.90- 1.06)
1.02 (0.98- 1.05)

0.98 (0.92- 1.04)

Referent

1.10 (1.07- 1.14)™"

0.91 (0.85- 0.98)"
1.03 (0.92- 1.14)

0.91 (0.85- 0.99)

Referent
0.97 (0.89- 1.07)
0.94 (0.86- 1.04)
0.97 (0.88- 1.06)

Referent
0.82 (0.74- 0.91)"
0.83 (0.80- 0.87)""

0.45 (0.41- 0.49)""

Referent

1.29 (1.22-1.36)""
0.92 (0.75- 1.14)

Risk ratio (95% confidence interval).

P<0.05,

*

*
P<0.0001
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Table 3

Significance of each variable included in the mixed effects Cox models.

Clinical model

Treatment-adjusted model

Covariates Rank AlIC LRT  P-value Covariates Ran AlIC LRT  P-value
Hospital 1 130132 65.61  <0.0001 Hospital 1 129913.1 80.4 <0.0001
Stage 2 129653.44 820.99 <0.0001 Stage 2 129068.52 682.85 <0.0001
Year 3 1292536 425.15 <0.0001 Year 3 128732.12 356.45 <0.0001
Age 4 128988.4  151.94 <0.0001  Brachytherapy 4 128670.9 281.23 <0.0001
Race 5 128926.02 89.55 <0.0001  Chemotherapy 5 128536.3  148.64 <0.0001
Insurance status 6 128911.56 77.1 <0.0001 Race 6 128473.24  89.57  <0.0001
Histology 7 128890.16 51.7 <0.0001 Age 7 128461.02 77.36  <0.0001
Grade 8 128888.34  49.88  <0.0001 Grade 8 128439.54 53.88  <0.0001
Hospital volume 9 128849.1 6.65 0.01 Insurance status 9 128436.56 54.89  <0.0001
Hospital type 10 128841.56 111 0.57 Histology 10  128431.18 4551  <0.0001
Hospital region 11 128840.86 241 0.49 Hospital volume 11 128391 1.32 0.25
Hospital type 12 128388.38 0.71 0.70
Hospital Region 13 128386.08 0.41 0.94

AIC, Alkaike information criterion. LRT, likelihood ratio test.

Page 17

The null model has an AIC of 114468.18. AIC was calculated as minus twice log likelihood plus 2 df. The LRT compares the full model (including

all variables) with a reduced model omitting 1 variable at a time. The higher the AIC, the greater importance of the omitted variable.
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Table 4

Hazard ratios for death based on different modeling techniques for hospital volume.

Annualized Previous year ~ Current year volume
volume volume

Continuous volume  0.99 (0.98-1.00)  1.00 (0.99-1.01) 0.9 (0.98-1.00)°

Volume cut-points

Lowest Referent Referent Referent
Second 1.01 (0.92-1.11)  0.97 (0.90-1.06) 0.96 (0.89-1.05)
Third 0.97 (0.90-1.05)  0.94 (0.85-1.04) 0.95 (0.88-1.02)

Highest 0.91(0.82-1.02) 0.94(0.85-1.03) g0 (0.82-0.97)"

Hazard ratio (95% confidence interval).

*
P<0.05.

Adjusted for clinical and demographic characteristics and quality of treatment.
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