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Abstract

Objective—While the last three decades have seen numerous advances in the treatment of 

cervical cancer, it remains unclear if population level survival has improved. We examined 

relative survival, the ratio of survival in cervical cancer patients to matched controls over time.

Study Design—Patients with cervical cancer diagnosed from 1983–2009 and recorded in the 

Surveillance, Epidemiology, and End Results database were examined. Survival models were 

adjusted for age, race, stage, year of diagnosis, and time since diagnosis. Changes in stage-specific 

relative survival for patients with cervical cancer compared to the general population matched by 

age, race, and calendar year were examined over time.

Results—A total of 46,932 patients were identified.. For women with stage I tumors, the excess 

hazard ratio for women diagnosed in 2009 was 0.91 (95% CI, 0.86–0.95) compared to 2000, 0.81 

(95% CI, 0.73–0.91) compared to 1990, and 0.75 (95% CI, 0.64–0.88) in comparison to 1983. For 

patients with stage III tumors, the excess hazard ratio’s for patients diagnosed in 2009 (relative to 

those diagnosed in 2000, 1990, and 1983) were 0.83 (95% CI, 0.80–0.87), 0.68 (95% CI, 0.62–

0.75), and 0.59 (95% CI, 0.52–0.68). Similar trends in improved survival over time were noted for 

women with stage II tumors. There were no statistically significant improvements in relative 

survival over time for women with stage IV tumors.
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Conclusion—Relative survival has improved over time for women with stage I–III cervical 

cancer, but has changed little for those with metastatic disease.
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Introduction

Cervical cancer remains a major cause of cancer-related mortality worldwide.1 Over the last 

three decades, a number of treatment advances for cervical cancer have been demonstrated 

in clinical trials. For women with early stage disease, newer surgical options are available 

and techniques for the delivery of radiation have improved. For advanced stage disease, 

improved survival for the use of combination chemotherapy and radiotherapy resulted in a 

paradigm shift for patients with stage II–IV disease in 1999.2–5 However, data describing 

how survival has changed over time remains limited.6–11

Quantifying changes in survival for cancer patients is of great importance as therapeutic 

advances that have shown efficacy in clinical trials are of little practical value if these 

treatments cannot be translated into clinical practice. However, examining secular trends in 

survival for cancer is methodologically challenging. First, as general medical care has 

improved over time, it is difficult to ascertain if improved survival for cancer patients is due 

to improved cancer treatment or due to greater longevity in the population as a whole.12 

Second, measuring cancer-specific survival is inherently difficult as data from death 

certificates is often inaccurate and may not reflect cancer-associated mortality in patients 

who die from complications and the sequelae of cancer.13,14

To quantify secular trends in survival for cancer patients, relative survival, the ratio of the 

observed survival rate for cancer patients to the expected survival rate of matched patients 

from the general population has been described.15–17 Relative survival is a useful metric that 

controls for changes in survival in the general population and describes excess mortality in 

cancer patients over time.18,19 We performed a population-based analysis to examine secular 

changes in survival for women with cervical cancer treated in the United States from 1983 to 

2009.

Methods

Data Source

Data from the National Cancer Institute’s Surveillance, Epidemiology, and End Results 

(SEER) database was used for analysis.20 The SEER program comprehensively collects data 

on all newly diagnosed cancer patients from a number of registries located throughout the 

U.S. We included patients with invasive cervical cancer diagnosed between January 1983 

and December 2009 with follow-up through December 31, 2011.

Data from the SEER 18 registries including San Francisco-Oakland, Connecticut, Detroit 

(metropolitan), Hawaii, Iowa, New Mexico, Utah, Seattle (Puget Sound), Atlanta 

(metropolitan), San Jose-Monterey, Los Angeles, Alaska Natives, rural Georgia, greater 
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California, Kentucky, Louisiana, New Jersey, and Greater Georgia. Louisiana cases 

diagnosed for July to December 2005 were excluded due to the impact of Hurricanes 

Katrina and Rita on the registry’s ability to report data. Non-white and non-black women 

were excluded from the analyses since reliable population-level estimates of survival were 

required. Patients with unknown stage were excluded. The Columbia University Institutional 

Review Board deemed the study exempt.

Staging

Staging was based on the derived 6h edition of the American Joint Committee on Cancer 

(AJCC) staging for patients diagnosed from 2004–2009, and the SEER modified third 

edition of AJCC staging for those women diagnosed from1988–2003.20 Prior to 1988, AJCC 

staging was not recorded in SEER. For those women diagnosed prior to 1988, we 

constructed AJCC staging through the use of 4-digit extent of disease (EOD) codes for 

patients treated in1983–1987.20

Statistical Analysis

The primary analysis focused on overall survival defined as the time from diagnosis of 

cervical cancer until death from any cause. Relative survival, the ratio of the observed 

survival rate for cancer patients to the expected survival rate of matched patients from the 

general population was then estimated. Patients in the general population were matched to 

those with cervical cancer based on age, race and calendar year using the Ederer II method 

calculated using SEER*Stat software.21,22 Expected survival life tables were used to derive 

survival estimates for the controls. The expected life tables provide survival by age, race, 

and calendar year. Estimates were derived from interpolating the U.S. Decennial Life Tables 

from the National Center for Health Statistics (NCHS) into individual years for the years 

1970–2000 and from the U.S. Annual Life Tables from NCHS for the years 2001–2009. 

Although the effect of deaths due to cervical cancer is also included in the life tables, this 

does not affect the estimated survival of the populations.23,24 After matching, relative 

survival models were developed using annual intervals in the framework of generalized 

linear models with a Poisson error structure.25–27 When modeling relative survival, the 

model is an additive hazards model where the total hazard is the sum of the baseline hazard 

from the control and the excess hazard associated with a diagnosis of cervical cancer. The 

exponentiated parameter estimates are interpreted as excess hazard ratios.28

We fit separate models for patients with stage I, II, III, and IV neoplasms. Each of the 

models included age at the time of diagnosis, race, year of diagnosis, and time since 

diagnosis. Age at diagnosis was defined as a categorical variable, <50 years, 50–59 years, 

60–69 years, 70–79 years, and ≥80 years and older, consistent with SEER reporting 

methodology. Year of diagnosis was included as a linear function. Time since diagnosis was 

a time-varying covariate updated in 1-year increments at the end of the yearly interval. Time 

since diagnosis was included as a piecewise linear function of year allowing changes in 

slope at 2, 5, and 10 years after the time of diagnosis to allow rapid change in excess 

hazards. Data on each covariate was updated with each new interval. Goodness of fit of the 

relative survival models was examined using deviance statistics.26
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All analyses were performed using SAS version 9.4 (SAS Institute, Inc, Cary, NC). 

Statistical tests were two-sided, and a P-value of <0.05 was considered statistically 

significant.

Results

A total of 46,932 women with invasive cervical cancer diagnosed between 1983 and 2009 

were identified. Within the cohort, 26,337 (56.1%) women had stage I tumors, 7091 (15.1%) 

stage II, 8090 (17.2%) stage III, and 5414 (11.5%) stage IV malignancies (Table 1). For all 

stages, women <50 years of age made up the greatest percentage of patients. Women with 

higher stage tumors were older, with 36.3% of stage IV patients <50 years of age compared 

to 68.4% for patients with stage I neoplasms. The percentage of black women increased with 

stage from 13.2% of patients with stage I tumors to 17.9% of stage III and 18.3% of stage IV 

patients.

For all stages of disease, black women had higher excess hazard ratios than white women 

(Table 2). The excess hazard ratio for black women relative to white women was 1.70 (95% 

CI, 1.53–1.88) for stage I, 1.22 (95% CI, 1.11–1.34) for stage II, 1.31 (95% CI, 1.20–1.43) 

for stage III, and 1.23 (95% CI, 1.10–1.37) for stage IV tumors (P<0.0001). For all stages 

we noted reductions in excess mortality over time. For women with stage I tumors 

(HR=0.99; 95% CI, 0.98–1.00), the excess hazard ratio for women diagnosed in 2009 was 

0.91 (95% CI, 0.86–0.95) compared to those diagnosed in 2000, 0.81 (95% CI, 0.73–0.91) 

compared to women diagnosed in 1990, and 0.75 (95% CI, 0.64–0.88) in comparison to 

patients diagnosed in 1983.

Similar trends were noted for women with both stage II and III tumors; there was a 

consistent decline in the excess hazard of death over time: stage II (HR=0.98; 95% CI, 0.97–

0.98), stage III (HR=0.98; 95% CI, 0.98–0.99). For patients with stage III tumors, this 

translated to an excess hazard ratio of 0.83 (95% CI, 0.80–0.87) for patients diagnosed in 

2009 relative to 2000 and 0.59 (95% CI, 0.52–0.68) relative to women diagnosed in 1983. 

We noted modest reductions in excess mortality over time, although these reductions did not 

reach statistical significance for women with stage IV neoplasms (HR=1.00; 95% CI, 0.99–

1.00).

Table 3 displays the cumulative relative survival over time stratified by age and years since 

diagnosis. For most age groups, we noted that the decrease in relative survival was more 

pronounced over time. These absolute reductions in relative survival were greater for 

women with more advanced stage tumors. For example, among women <50 years of age 

with stage I tumors, relative survival was 0.98 (95% CI, 0.96–0.99) at 1 year and decreased 

to 0.93 (95% CI, 0.89–0.95) at 10 years. The corresponding relative survival values for 

women <50 years of age with stage IV neoplasms were 0.43 (95% CI, 0.22–0.62) at 1 year 

and 0.05 (95% CI, 0–0.20) at 10 years.

Figure 1 depicts cumulative relative survival stratified by stage, year of diagnosis, and race. 

For both black and white women, there was an improvement in relative survival over time. 

The improved survival was most pronounced for patients with stage II and III tumors.
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Comment

Our findings suggest that survival has improved over time for women with early-stage and 

locally advanced cervical cancer. The most pronounced improvement in survival was noted 

for women with stage II–III tumors, while there have been no statistically significant 

improvements in survival for women with metastatic (stage IV) cervical cancer since 1983. 

For all stages of disease, the risk of death is greater for black than white women.

Prior work has suggested that survival for cervical cancer has increased over 

time.6,7,9–11,29,30 Population-based data from Canada noted that the relative survival of 

patients with cervical cancer diagnosed from 2005–2007 was 2.2% higher than women 

diagnosed in 1992–1994. However, the improvements in relative survival for cervical cancer 

lagged behind survival gains for other cancers including prostate, liver, colorectal, and 

kidney cancer which all registered 8–10% increases in relative survival over the same time 

period.6 An analysis of relative survival in Sweden from the 1960’s to 1984 explored the 

impact of the introduction of cytologic screening on cervical cancer survival. The authors 

noted improved relative survival in women less than 50 years of age with the most 

impressive gains in the youngest women.11 We noted that relative survival increased for all 

stages of cervical cancer. The most pronounced improvement in survival was for women 

with stage II and III neoplasms.

For early-stage cervical cancer, treatment relies on either radical surgery or primary 

radiotherapy. A randomized controlled trial comparing radical hysterectomy versus radiation 

for women with stage IB–IIA tumor noted equivalent survival.31 For these patients, 

treatment allocation is based on patient preference and potential toxicity.32 For patients with 

microinvasive cervical cancer, prognosis is excellent.33 We noted a consistent improvement 

in outcomes for women with stage I cervical cancer over time. For women diagnosed in 

2009, survival was nearly 10% greater than for patients diagnosed in 2000 and 25% higher 

than for those treated in 1983.

The most substantial gains in relative survival were noted for patients with stage II–III 

cervical tumors. The paradigm for the treatment of locally advanced cervical cancer changed 

in the late 1990’s when a series of reports noted improved survival in women treated with 

combination chemotherapy and radiation as opposed to radiation alone.2–5 These studies led 

to a clinical alert from the National Cancer Institute recommending the incorporation of 

radiation-sensitizing chemotherapy into the treatment of patients with advanced stage 

disease.34 For patients with stage II–III tumors treated in 2009, relative survival was 

improved by 30–35% compared to women in 1990 and by nearly 40–45% over those 

diagnosed in the early-1980s.

Despite improvements in survival for primary treatments for cervical cancer, outcomes for 

women with recurrent disease remain poor.35–38 For women with recurrent or metastatic 

cervical cancer, treatment generally consists of platinum-based chemotherapy. A recent 

phase III trial by the Gynecologic Oncology Group demonstrated that the addition of 

bevacizumab to combination chemotherapy significantly improved survival.37 There has 

also been great interest in the prevention of cervical cancer, and, a number of prophylactic 
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vaccines directed against human papillomavirus (HPV) are now available.39–42 In addition 

to prevention, there is a clear need for therapeutic advances for women with recurrent 

cervical cancer.

We acknowledge a number of important limitations. First, although cervical cancer is staged 

clinically, the increased use of advanced imaging modalities over time may have altered 

treatment strategies. While imaging findings should not have altered stage or led to “stage 

migration” given the way cervical cancer is staged, findings from imaging studies 

undoubtedly altered treatment patterns and it is difficult to determine how this may have 

influenced survival. Second, as the staging of cervical cancer changed over time, we used 

historic extent of disease codes to classify patients based on current staging nomenclature. 

We cannot exclude the possibility that a small number of patients were misclassified.15 

Third, the number of registries participating in the SEER program increased over time. We 

performed a series of sensitivity analyses in which the cohort from the original 9 registries 

were compared to all patients and our findings were largely unchanged. Fourth, although the 

analysis was stratified by stage, the occurrence of intermediate risk factors may have 

changed over time. Lastly, using administrative data we are unable to account for individual 

preferences of patients and caregivers that influenced treatment allocation and outcomes.

Despite these limitations, these data provide important estimates of how survival has 

changed over time for women with cervical cancer. Survival has improved for women with 

stage I–III tumors suggesting that therapeutic advances demonstrated in clinical trials have 

had a meaningful impact on practice. Novel therapeutic approaches for metastatic cervical 

cancer are clearly needed, as there has been little change in survival over the last 25 years.
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Figure 1. 
Cumulative relative survival among women aged 50 to 59 years diagnosed with cervical 

cancer in 1983 (solid lines), 1990 (dashed lines) and 2000 (dotted lines), based on models 

that adjust for age, race, year of diagnosis, and time since diagnosis. Stage I white 

(P=0.0007), black (P=0.0006); stage II white (P<0.0001), black (P<0.0001); stage III white 

(P<0.0001), black (P=0.0002); stage IV white (P=0.0041), black (P=0.0003).
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