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Improved survival in cervical cancer patients receiving care at 
National Cancer Institute– designated cancer centers
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Scarlett Lin Gomez, PhD4,5; Jesse N. Nodora, DrPH2,3; Sandip P. Patel, MD2; Arno J. Mundt, MD2; and Jyoti S. Mayadev, MD2

BACKGROUND: Locally advanced cervical cancer (CC) remains lethal in the United States. We investigate the effect of receiving care at 

an National Cancer Institute– designated cancer center (NCICC) on survival. METHODS: Data for women diagnosed with CC from 2004 to 

2016 who received radiation treatment were extracted from the California Cancer Registry (n = 4250). Cox proportional hazards regression 

models assessed whether (1) receiving care at NCICCs was associated with risk of CC- specific death, (2) this association remained after 

multivariable adjustment for age, race/ethnicity, and insurance status, and (3) this association was explained by receipt of guideline- 

concordant treatment. RESULTS: Median age was 50 years (interquartile range [IQR] 41– 61 years), with median follow- up of 2.7 years (IQR 

1.3– 6.0 years). One- third of patients were seen at an NCICC, and 29% died of CC. The hazard of CC- specific death was reduced by 20% for 

those receiving care at NCICCs compared with patients receiving care elsewhere (HR = .80; 95% CI, 0.70– 0.90). Adjustment for guideline- 

concordant treatment and other covariates minimally attenuated the association to 0.83 (95% CI, 0.74– 0.95), suggesting that the survival 

advantage associated with care at NCICCs may not be due to receipt of guideline- concordant treatment. CONCLUSIONS: This study 

demonstrates survival benefit for patients receiving care at NCICCs compared with those receiving care elsewhere that is not explained by 

differences in guideline- concordant care. Structural, organizational, or provider characteristics and differences in patients receiving care 

at centers with and without NCI designation could explain observed associations. Further understanding of these factors will promote 

equality across oncology care facilities and survival equity for patients with CC. Cancer 2022;128:3479-3486. © 2022 The Authors. Cancer 

published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative 

Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work 

is properly cited and is not used for commercial purposes. 

KEYWORDS: brachytherapy, California, cancer center, cervical cancer, treatment outcome, uterine cervical neoplasms.

INTRODUCTION
Cervical cancer remains a leading cause of cancer mortality for women in the United States, with an estimated 13,800 new 
cases and 4290 deaths in 2020.1 Standard- of- care therapy for locally advanced cervical cancer consists of concurrent external 
beam radiation (EBRT) and chemotherapy followed by brachytherapy (BT). BT is necessary to deliver high doses of radi-
ation to the tumor while minimizing the dose to surrounding tissues and is associated with both improved cancer- specific 
and overall survival.2– 4 The Commission on Cancer Accreditation quality of care metric for cervical cancer includes the use 
of chemotherapy added to radiation, and the use of BT in women treated with primary radiation with curative intent in any 
stage of cervical cancer. Despite the clear evidence of benefit, use of BT in the United States has declined, and this decline 
has been linked to decreased cervical cancer survival.5,6 Certain populations of patients, including Black women, patients 
of lower socioeconomic status, older patients, those with public or no insurance, those with earlier stage disease, and those 
with greater comorbidities, are less likely to receive BT.5,7 For some, a correlation between the lack of BT and lower survival 
rates has been observed.5,7

Several studies have examined additional treatment factors that affect both BT and cervical cancer outcomes. In 
terms of oncologic surgery, patients receiving care from high- volume providers and in high- volume centers have the best 
outcomes.8– 13 Two National Cancer Database studies of hospital volume during similar timeframes found that, although 
hospital volume was associated with receipt of BT, survival was not consistently affected.14,15 Another study of the Taiwan 
Cancer Registry found that greater hospital patient load, as defined by the number of definitive radiotherapy procedures 
annually, increased use of BT, cancer- specific survival, and overall survival.16
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National Cancer Institute (NCI) designation is a 
rigorous process by which a cancer center demonstrates 
comprehensive cancer care and quality. In lung, breast, gas-
trointestinal, ovarian, and bladder cancers, treatment at an 
NCI- designated cancer center (NCICC) has been shown 
to improve survival.17– 21 It is unknown whether that sur-
vival advantage extends to cervical cancer and what factors 
might account for this advantage, if any. This is particularly 
of interest given that access to NCICCs is limited; only 
64 cancer centers are currently designated as NCI cancer 
centers across the United States (excluding basic labora-
tory cancer centers), with 14 states having none.22 Despite 
NCICC catchment areas extending to more than 77% of 
US counties,23 a recent report characterized 72% of US 
counties as undercovered by members of the Association of 
American of Cancer Institutes (the vast majority of whose 
members are NCICCs).24 Although there were 1.76 mil-
lion new cases of cancer reported in the United States in 
2019,25 newly registered patients at NCICCs accounted 
for only 22% (387,415) of these individuals.26

Given the declining use of cervical cancer BT and 
its effect on cervical cancer treatment and outcomes, we 
sought to evaluate whether receiving care at an NCICC was 
associated with improved cancer- specific survival among 
cervical cancer patients in California receiving definitive 
radiation therapy and whether guideline- concordant treat-
ment, specifically concurrent chemotherapy and radiation 
with a BT boost, explained that association.

METHODS
Patients with cervical cancer who were treated with radia-
tion were identified using the California Cancer Registry 
(CCR). The CCR is the largest population- based state 
cancer registry in the United States and participates in the 
NCI’s Surveillance, Epidemiology, and End Results pro-
gram. The CCR contains demographic, diagnostic, treat-
ment, and outcome information on cancers diagnosed in 
patients residing in California.

We queried the CCR for adult women diagnosed 
with a first and only primary invasive cervical can-
cer from January 1, 2004, through December 31, 2016 
(n  =  16,560). Women were excluded from the analysis 
hierarchically as follows: diagnosed by death certificate or 
autopsy only (n  =  90); tumor not microscopically con-
firmed (n  =  261); tumor not International Federation 
of Gynecology and Obstetrics (FIGO) stage IB2- IVA 
(n = 9996); did not receive radiation as part of the first 
course of treatment (n = 885); were treated with regional 
radiation other than EBRT or boost radiation other than 

EBRT or BT (n  =  567); started radiation therapy after 
the study end date (December 31, 2016) (n = 84); were 
missing month and day of diagnosis or radiation start date 
(n = 66); had less than 35 days of follow- up after the start 
of radiation (to give women time to receive a boost course 
of radiation) (n = 69); had an uncertain or ungeocodable 
residential address at diagnosis (n  =  151); or had miss-
ing data for one or more of the confounders (n = 141), 
yielding 4250 individuals. Human subjects’ approval was 
obtained from the University of California San Francisco 
institutional review board, as a part of the Greater Bay Area 
Cancer Registry protocol for operating a population- based 
cancer registry and conducting surveillance and related 
analyses with the data. The data were anonymized before 
analysis.

Cervical cancer was identified as International 
Classification of Disease for Oncology, third edition, site 
code C53.0– C53.9, excluding histology 9050– 9055, 9140, 
and 9590– 9992. Because FIGO stage was not directly 
available, stage at diagnosis was based on the Surveillance, 
Epidemiology, and End Results modification of the American 
Joint Committee on Cancer staging system, which is closely 
aligned with the FIGO staging structure.27,28 However, 
because American Joint Committee on Cancer stage does 
not distinguish between IB1 and IB2 (having IB only), we 
classified those with stage IB and tumor size >4 cm as IB2. 
Neighborhood- level socioeconomic status (nSES) and urba-
nicity were determined using data from Census 2000 (for 
those diagnosed 2004– 2005) and the American Community 
Survey 2007– 2011 (for those diagnosed 2006– 2016) at the 
census block group level. nSES uses an established compos-
ite index based on educational attainment, employment rate, 
occupation type, median household income, median rent, 
house values, and poverty level, and was categorized into 
statewide quintiles.29 Urbanicity measured urban/rural status 
using census defined Urbanized Areas (population ≥ 50,000) 
and Urban Clusters (population between 2500 and 50,000). 
The CCR collects information on radiation therapy used 
as the first course of treatment. Radiation therapy is often 
given in two or more phases, which are all considered part 
of the initial treatment and are collapsed and coded as re-
gional (larger field) and boost (more targeted field) radiation 
therapy. CCR data include the start date of the initial radia-
tion treatment and the types of regional and boost radiation 
therapy. Standard of care for cervical cancer consists of con-
current regional EBRT with chemotherapy followed by BT 
boost, typically approximately 1 month later. We required 
women to have at least 35 days of follow- up after the start of 
radiation to allow women time to start boost radiation.
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Those eligible for analysis (n  =  4250) were catego-
rized by whether they received care from an NCICC (yes, 
no, based on any admission for diagnosis and/or treatment 
of the cancer), age (18– 49, 50– 59, 60– 69, 70+ years), 
race/ethnicity (non- Hispanic White, non- Hispanic Black, 
Hispanic, Asian/Pacific Islander, non- Hispanic other or 
unknown race), insurance status (no insurance, had insur-
ance), nSES quintile (low [Q1– Q3], high [Q4– Q5]), urba-
nicity (rural/town, suburb, metro/city), FIGO stage (IB2, 
II, III, IVA), and guideline- concordant treatment (yes [che-
motherapy and brachytherapy boost], no). The outcome of 
interest was cervical cancer– specific mortality. Follow- up 
time was calculated as the number of days between cervical 
cancer diagnosis and the earliest of death from cervical can-
cer (ICD- 10 C53), death from another cause, last follow- up 
(i.e., date of last known contact), or study end (December 
31, 2016). Statistical modeling was based on a conceptual 
model and directed acyclic graph (Fig. 1).

Patient characteristics were summarized overall 
and by whether care was received at an NCICC center 
using χ2 tests. A Kaplan– Meier plot was used to compare 
cervical cancer– specific survival by care at an NCICC 
using a log- rank test. Cox proportional hazards regres-
sion models with time from diagnosis as the time scale 
and left truncation (patients entered the model 35 days 
after the start of radiation) were used to assess whether 
(1) care at an NCICC was associated with risk of cervi-
cal cancer- specific death, (2) this association remained 
after adjusting for hypothesized confounders, and (3) 
the association could be explained by the receipt of 
guideline- concordant treatment. An additional 39 pa-
tients with unknown cause of death were excluded from 
Cox regression analyses. Adjusted and unadjusted hazard 
rate ratios (HR) with 95% CIs were evaluated. Model 1 

was adjusted for age. Based on the a priori directed acy-
clic graph (Fig. 1), model 2 was adjusted for factors hy-
pothesized to be associated with both care at an NCICC 
and disease outcome, including age, race/ethnicity, and 
insurance status. Model 3 additionally adjusted for 
guideline- concordant treatment. The proportional haz-
ards assumption was tested by examining the correlation 
between time and scaled Schoenfeld residuals for all 
confounders. Because the proportional hazards assump-
tion was violated for guideline- concordant treatment, it 
was included as an underlying stratification variable in 
model 3 to allow the baseline hazard to vary by receipt 
of guideline- concordant treatment. All analyses were 
performed using SAS, version 9.4 (SAS Institute, Cary, 
North Carolina).

RESULTS
The median age of the sample was 50 years (interquartile 
range [IQR] 41– 61 years; range 21– 98 years). Median 
follow- up time was 2.7 years (IQR 1.3– 6.0 years). Of 
the 4250 patients in the sample, 33% received care at an 
NCICC, and 29% died of cervical cancer during the fol-
low- up period (Table 1).

Bivariate analyses showed no significant differences 
in nSES quintile, urbanicity, or FIGO stage between pa-
tients receiving care at NCICCs and those seen elsewhere. 
However, those receiving care at NCICCs were more likely 
to be alive, tended to be younger, were less likely to be 
Black and more likely to be Asian/Pacific Islander, and were 
more likely to receive chemotherapy, brachytherapy boost, 
and the combination of both (referred to as guideline- 
concordant treatment) compared with those receiving care 
elsewhere (Table 1).

In the Kaplan– Meier plot (Fig. 2) and age- adjusted 
Cox proportional hazards model, patients with cervi-
cal cancer who received care at an NCICC had a statis-
tically significant survival benefit over those seen at a 
non- NCICC. The hazard of death from cervical cancer 
was reduced by 20% for those receiving care at NCICCs 
vs. those seen elsewhere (HR = .80; 95% CI, 0.70– 0.90; 
Table 2, model 1).

Adjustment for known and hypothesized confound-
ers (Fig. 1) in the association between receiving care at an 
NCICC and cervical cancer– specific mortality only min-
imally attenuated the HR ratio; those receiving care at 
NCICCs had 19% reduced hazard of death from cervical 
cancer compared with those seen elsewhere (HR  =  .81; 
95% CI, 0.72– 0.92; Table  2, model 2). To investigate 
whether guideline- concordant treatment accounts for the 
association between receiving care at NCICCs and cervical 

Figure 1. Hypothesized directed acyclic graph of the association 
between care at a National Cancer Institute– designated cancer 
center and reduced mortality from cervical cancer.
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cancer– specific mortality, model 2 was further adjusted for 
guideline- concordant treatment. The inclusion of guideline- 
concordant treatment only minimally attenuated the HR to 
0.83 (95% CI, 0.74– 0.95; Table 2, model 3), indicating that 
guideline- concordant treatment (i.e., treatment with both 
chemotherapy and a brachytherapy boost in a cohort who 
received radiation as part of the first course of treatment) 
does not explain the association between receiving care at 
NCICCs and reduced cervical cancer– specific mortality.

DISCUSSION
This study explored the association between patient factors 
and receipt of cervical cancer care at an NCICC in California 
and the potential influence of care at an NCICC on cervical 
cancer– specific survival. We found that patients who 

received care at an NCICC had lower risk of cervical cancer– 
specific mortality compared with those receiving care in 
non- NCICCs, despite controlling for known confounders. 
Because it is known that the addition of concurrent 
chemotherapy and a brachytherapy boost to primary 
radiation improves survival from locally advanced cervical 
cancer,2– 4,30 we included this treatment protocol in our fully 
adjusted model. Contrary to our hypotheses, inclusion of 
adherence to guideline concordant care did not account for 
the association between care at NCICCs and cervical cancer 
mortality. After our robust analysis and modeling, none of 
the clinicopathologic nor demographic factors we examined 
contributed to this survival benefit seen at an NCICC. 
Therefore, our results suggest that other factors in care and/
or social determinants of patients who are able to access an 

TABLE 1. Sample Characteristics of People Diagnosed with Ib2- Iva Cervical Cancer in California Between 2004 
and 2016 by Whether Received Care at an Nci- Designated Cancer Center (n = 4250)

Characteristic NCI cancer center (n = 1395) Other location (n = 2855) All (n = 4250) p

Survival outcome <.0001
Alive 966 (69%) 1675 (59%) 2641 (62%)
Died of cervical cancer 346 (25%) 882 (31%) 1228 (29%)
Died of another cause 72 (5%) 270 (10%) 342 (8%)
Died of unknown cause 11 (1%) 28 (1%) 39 (1%)

Age, y <.0001
18– 49 698 (50%) 1357 (48%) 2055 (48%)
50– 59 356 (26%) 624 (22%) 980 (23%)
60– 69 201 (14%) 471 (17%) 672 (16%)
70+ 140 (10%) 403 (14%) 543 (13%)

Race/ethnicity .0042
Non- Hispanic White 459 (33%) 1039 (36%) 1498 (35%)
Non- Hispanic Black 72 (5%) 198 (7%) 270 (6%)
Hispanic 586 (42%) 1150 (40%) 1736 (41%)
Asian/Pacific Islander 264 (19%) 445 (16%) 709 (17%)
Non- Hispanic Other/unknown 14 (1%) 23 (1%) 37 (1%)

Insurance status 0.0405
Insured 1366 (98%) 2764 (97%) 4130 (97%)
Not insured 29 (2%) 91 (3%) 120 (3%)

Neighborhood socioeconomic status 
quintile

.44

Q1– Q3 (low) 1012 (73%) 2039 (71%) 3051 (72%)
Q4– Q5 (high) 383 (28%) 816 (29%) 1199 (28%)

Urbanicity .29
Rural/town 134 (10%) 250 (9%) 384 (9%)
Suburb 608 (44%) 1314 (46%) 1922 (45%)
Metro/city 653 (47%) 1291 (45%) 1944 (46%)

FIGO stage .11
IB2 163 (12%) 276 (10%) 439 (10%)
II 413 (30%) 920 (32%) 1333 (31%)
III 768 (55%) 1546 (54%) 2314 (54%)
IVA 51 (4%) 113 (4%) 164 (4%)

Chemotherapy <.0001
Yes 1294 (93%) 2357 (83%) 3651 (86%)
No 101 (7%) 498 (17%) 599 (14%)

Brachytherapy boost <.0001
Yes 815 (58%) 1291 (45%) 2106 (50%)
No 580 (42%) 1564 (55%) 2144 (50%)

Guideline- concordant treatment <.0001
Yes 769 (55%) 1148 (40%) 1917 (45%)
No 626 (45%) 1707 (60%) 2333 (55%)

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; NCI, National Cancer Institute
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NCICC may be contributing to the association between care 
at NCICCs and cervical cancer survival.

Prior research studying the effect of care at NCICCs 
for other solid tumors have shown improvement in 
guideline- concordant care,18,31 surgical outcome,17,21 and 
inpatient mortality.32 A population- based study of adults 
in Los Angeles County showed a trend toward increased 
risk of mortality in patients treated at non- NCICCs,33 
with the authors hypothesizing that statistical significance 
was not reached because of small numbers of patients 
treated an NCICC.

Much of the emphasis on cervical cancer therapy 
quality has been on receipt of concurrent chemotherapy 
during radiation, total treatment time, and the addition 
of brachytherapy.34 However, there may be center- level 
differences in treatment quality, affecting survival. These 

center- level factors may include patient population, 
more accurate staging from pretreatment imaging, the 
use of more appropriate or higher quality radiation, the 
greater availability of and participation in clinical trials 
at NCICCs, the broader experience of physician provid-
ers, and the intangible benefits to physicians of working 
in a research active environment. Our research group has 
recently examined the impact of time to treatment on 
outcomes.35 We found that Hispanic women were more 
likely to undergo delayed time to treatment than non- 
Hispanic White women. However, delayed time to treat-
ment was not associated with inferior overall survival 
and locoregional failure.35 In addition, NCICCs often 
use a multidisciplinary team approach with discussion 
of patient cases at tumor boards or a team with expertise 
in radiation therapy with real- time peer review36; these 

Figure 2. Cervical cancer– specific survival among patients diagnosed with IB2- IVA cervical cancer in California between 2004 and 
2016 by whether received care at a National Cancer Institute– designated cancer center (n = 4250).

TABLE 2. Cox Proportional Hazards Models of the Effect of Receiving Care at an Nci- Designated Cancer 
Center on Cervical Cancer– Specific Mortality

Model Purpose HR (95% CI) p

1. Age- adjusted model for receiving care at NCI- 
designated cancer center

Determine age- adjusted hazard of death associated with 
receiving care at an NCI- designated cancer center

0.80 (0.70– 0.90) .0003

2. Adjusted for confounders (age, race/ethnicity, and 
insurance)

Adjust hazard for known and hypothesized confounders 0.81 (0.72– 0.92) .0011

3. Model 2 + guideline- concordant treatment in a STRATA 
statement

Determine whether guideline- concordant care accounts 
for the association between receiving care at an NCI- 
designated cancer center and mortality

0.83 (0.74– 0.95) .0050

Abbreviations: HR, hazard ratio; NCI, National Cancer Institute



Original Article

3484 Cancer  October 1, 2022

practices might also contribute to improved survival. 
The multidisciplinary team approach often includes se-
nior experts in the field with dedicated knowledge about 
cervical cancer treatment decision and clinical trial 
opportunities.

Another consideration is whether the survival bene-
fit seen at NCICCs is a result of receiving care at a high- 
volume center. Lin and colleagues found that the receipt of 
care at a high- volume center was associated with increased 
likelihood of receiving BT and chemotherapy and shorter 
time to radiotherapy completion.14 In a subsequent study, 
Lin et al. found that this greater use of chemotherapy and 
BT were major contributors to the improved survival of 
patients treated at large- patient- load hospitals. Larger loads 
were also an independent prognostic variable for survival 
in certain patient populations,16 whereas another study 
found that hospital volume had little impact on outcome 
for patients with locally advanced cervical cancer.15

Aspects of highly specialized oncologic care may be 
superior at centers of excellence, such as those receiving 
an NCI designation. Although our study showed a similar 
distribution of race/ethnicity, insurance status, and nSES 
between patients seen at NCICCs and non- NCICCs, there 
is heterogeneity within California. Access to an NCICC 
remains out of reach for many patients; in a population- 
based study of adults in Los Angeles County, patients with 
cervical cancer who were Hispanic, uninsured, of low SES, 
or lived more than 9 miles from an NCICC were signifi-
cantly less likely to receive care at an NCICC.33 In our 
study, in a state with eight NCI- designated comprehensive 
cancer centers, only 33% of patients with locally advanced 
cervical cancer received care at an NCICC. It is imperative, 
therefore, that the factors underlying the survival benefit 
for those receiving care at an NCICC be further identified 
to best serve the entire population of patients with cervical 
cancer. Once identified, all oncologic institutions will be 
informed of optimal practices and consider their imple-
mentation to improve patient outcomes and quality of care 
and thereby reduce survival disparities for patients with 
cervical cancer. Until this survival disparity is reduced, 
however, access to NCICCs is an equity issue, and we must 
ensure meaningful access across sociodemographic groups.

Efforts should also be made to standardize care be-
tween all levels of oncologic institutes through the dissem-
ination of best practices using common benchmarks and 
guidelines. Despite efforts at standardization, some tech-
nologies and procedures, such as BT,37,38 require image 
guidance or detailed coordination with the health care 
team for quality delivery, which may not be widely avail-
able outside of centers with NCI designation.38 In these 

circumstances, coordination of care between oncologic 
centers would allow patients access to these technologies 
and procedures, although maintaining the bulk of their 
care at their chosen oncology practice.

Outcome differences that are linked to structural 
changes in the institution are more difficult to target be-
cause resources vary among oncology care facilities. Our 
results indicating a link between NCI designation and 
improved outcomes suggests the need for a deeper inves-
tigation into core drivers of quality care beyond what we 
already know regarding cervical cancer: the addition of 
chemotherapy to radiation, treatment care time within 
56 days, and the addition of BT. In addition, there could 
be specific medical comorbidities that limit the ability to 
receive the aforementioned factors. Organizational and 
provider level factors, structure, and processes require fur-
ther investigation to determine whether they are associated 
with improved outcomes. The identification of factors that 
drive outcome improvement will enable institutions to im-
plement interventions that improve patient outcomes and 
quality of care without overburdening NCICCs.

The use of the CCR in our analyses provides both 
strengths and limitations. One strength is the comprehen-
siveness of the data; every case of cervical cancer in the state 
of California during the study period is available for analysis, 
which allows for robust analysis. However, the accuracy and 
completeness of registry data represent a limitation, particu-
larly in complete and accurate reporting of treatment(s) re-
ceived,39– 41 including duration of treatment. Furthermore, 
documentation of radiation therapy receipt is variable across 
data sets,40,41 which could affect our conclusions that are 
based on guideline- concordant treatment. In addition, vari-
able availability is limited. For example, locoregional failure 
is not included in CCR data, which, if known, would pro-
vide important information about whether brachytherapy 
may have been beneficial to patients.

Our study findings show a survival benefit among 
patients receiving care at an NCICC relative to those seen 
elsewhere that is not explained by receipt of guideline- 
concordant care. We found that there are unmeasured 
variables that may account for survival outcomes, perhaps 
based on differences in structural, organizational, or pro-
vider characteristics. Further understanding of these fac-
tors will facilitate increased equality among institutions 
and oncology care facilities and increased health equity for 
patients.
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