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Abstract

Poor survival of older cervical cancer patients has been reported; however, related factors , such as the
extent of disease and the competitive risk by aging have not been well evaluated. We applied the relative survival
model developed by Dickman et al to resolve this issue. Study subjects were cervical cancer patients retrieved
from the Osaka Cancer Registry. They were limited to the 10,048 reported cases diagnosed from 1975 to 1999,
based on the quality of data collection on vital status. Age at diagnosis was categorized into <30, 30-54, 55-64,
and 65+ years. The impact of prognostic factors on 5-year survival was evaluated with the relative survival
model, incorporating patients’ expected survival in multivariate analysis. The age-specific relative excess risk
(RER) of death was significantly higher for older groups as compared with women aged 30-54 years (RER, 1.58
at 55-64 and 2.51 at 65+ years). The RER was decreased by 64.8% among the 55-64 year olds as an effect of
cancer stage at diagnosis, and by 43.4% among those 65 years old and over. After adding adjustment for
treatment modalities, the RER was no longer significantly higher among 55-64 year olds; however, it was still
higher among 65 year olds and over. Advanced stage at diagnosis was the main determinant of poor survival
among the aged cervical cancer patients, although other factors such as limitations on the combination of treatment
were also suggested to have an influence in those aged 65 years and over.
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Introduction to radiotherapy alone for bulky, locally advanced disease.
Therefore, we used the relative survival model to improve
Cervical cancer is one of the leading cancers in womethe interpretation of differences in cervical cancer survival
worldwide; in Japan approximately 7,500 women areamong various age groups, estimating statistical
estimated to have been affected each year in the lasignificance of variation in excess risk of death about
decade. The relative 5-year survival for uterine cancer hasncer stage and treatment modalities etc.
improved on the whole, but it remains poor among the
older age group (Kinoshita et al., 1998; Osaka Prefecturpflaterials and Methods
Department of Environment and Public Health et al., 1998;
Ajiki et al., 2004; loka et al., 2005). Our previous studyData Sources
showed the relation between lower survival and higher A total of 10,048 reported cases of cervical cancer
age to be mainly due to a more advanced stage at diagnogI§D Tenth Revision, C53) newly diagnosed in 1975-1999
however, the impact of prognostic factors in respect witlwvere retrieved from the Osaka Cancer Registry’s database.
the expected survival in the general population has nev€saka Cancer Registry (OCR) has been operating since
been well evaluated. Dickman et al (2004) have developddecember 1962, covering Osaka Prefecture with its
the relative survival model applicable to this issue. population of 8.8 million (2005 census). Cancer incidence
According to the clinical staging, patients with cervicaldata in Osaka have been reported in ‘Cancer Incidence in
cancer are usually treated by the combination of surgefyive Continents’, from volume Il in 1976 to 1X in 2007
(i.e., simple/radical hysterectomy and/or bilateral pelviqCurado et al., 2007). Therefore it can be assumed that
lymphadenectomy), radiotherapy and chemotherapthe quality of this data meets the standards set by the
(Benedet et al., 2000; Green et al., 2001; Neoadjuvamtternational Association of Cancer Registries during the
Chemotherapy for Cervical Cancer Meta-Analysislast four decades. In 1998-2002, the proportion of death
Collaboration, 2004). Prior studies showed thatertificate only (DCO) cases was 6.4%, and the mortality
concomitant chemotherapy with radiotherapy is superiato incidence ratio (M/1) was 0.42 for cancer of cervix uteri.
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Based on the quality of data collection on the vitalPoisson assumption for the observed number of deaths
status of registered cases (loka et al., 2005), survivéDickman et al., 2004). The relative excess risks (RERS)
analysis was restricted to cases who lived in Osakderived from these models quantify the extent to which
Prefecture (except for Osaka City) in 1975-1999 or resideithe hazard of death in a given category (i.e., 55-64 years/
in Osaka City in 1993-1999 when they were diagnosed &5+ group) differs from the hazard in the reference
cervical caner, since they had active follow-upcategory (i.e., 30-54 years group), after taking into account
information. In addition they met the following criteria: the background risk of death in the general population of

1) In the case of multiple tumors, only the first waseach age group. To adjust for prognostic factors, we started
included; 2) Cases diagnosed as carcinoma in situ wefiem a simple model to complicated model.
excluded. Model 1 (null): age

In total, 445 cases (4.4%) were lost to follow-up which ~ Model 2: age + diagnosed year
meant unknown through reference to basic resident Model 3: age + diagnosed year + detection by
register and treated as censored cases at the latest dateening
when they were confirmed as alive. Model 4: age + diagnosed year + detection by

In line with our previous study, the age at first diagnosiscreening + cancer stage
was classified into four categories: less than 30 years, from We used localized stage as the reference group for
30 to 54 years, from 55 to 64 years and 65 years and ovetage. Moreover, we also tried to add adjustment for
In the detection by screening categorized as yes or no, treatment as below,
included unknown which means no information available Model 5: age + diagnosed year + detection by
(the proportion of unknown was 4.7% in <30 years, 5.3%creening + cancer stage + treatment
in 30-54, 6.3% in 55-64, and 6.5% in 65+). The cancer Intreatment, surgery, radiotherapy and chemotherapy
stage at diagnosis was classified into the following fouwere classified as yes or no including unknown, regardless
groups in OCR: localized (cancer is confined to theof the type of surgery, type and dose of radiotherapy, or
original organ), regional (cancer spreads to regional lymplegimens of chemotherapy (reference group: women who
nodes and/or spreads to immediately adjacent organshderwent surgery, radiotherapy and chemotherapy).
tissues), distant (cancer metastasizes to distant orgaffferences were considered as statistically significant if
tissues), and unknown. In consideration of combinatiop values were less than 0.05 by two-sided test. Data
of surgery/radiotherapy/chemotherapy categorized as donganagement and statistical analyses were conducted with
or not done, treatment was assorted into eight categori€STATA (StataCorp, 2006).
and also unknown was treated as not done (the proportion
of unknown in surgery/radiotherapy/chemotherapy wafKResults
0.5/1.6/1.1% in <30 years, 0.6/1.7/2.3% in 30-54, 0.8/1.5/

2.6% in 55-64, and 1.5/1.4/3.0% in 65+): Table 1 presents the characteristics and relative 5-year
surgery(+)-radiotherapy(+)-chemotherapy(+); survival data for cervical cancer cases. For all cases, the
surgery(+)-radiotherapy(+)-chemotherapy(-); average age was 54.3 years (standard error (SE) 0.1) and
surgery(+)-radiotherapy(-)-chemotherapy(+); the proportion of cases detected by screening was only
surgery(+)-radiotherapy(-)-chemotherapy(-); 3.1% during 1975-1999 (2.1% in <30 years/4.3% in 30-
surgery(-)-radiotherapy(+)-chemotherapy(+); 54/3.1% in 55-64/0.9% in 65+, p<0.01). The 5-year
surgery(-)-radiotherapy(+)-chemotherapy(-); survival decreased gradually with higher age (88.3%/

surgery(-)-radiotherapy(-)-chemotherapy(+); and77.6%/66.6%/52.8%), as did the proportion of the
others. The year of diagnosis was categorized into fiviocalized stage (83.2%/66.6%/50.6%/42.5%, p<0.01).
groups: 1975-1979, 1980-1984, 1985-1989, 1990-199Among cases with localized disease/those who underwent

and 1995-1999. only surgery, the survival decreased at higher ages: the
survival among the 30-54 year old was obviously higher
Statistical Analyses than those 55-64 years old/65 years old and over (91.8%/

The distribution of patients’ characteristics was85.6%/74.6% in localized stage and 97.0%/90.1%/85.3%
assessed with chi-squared tests for categorical variablés.only surgery, p<0.01).
Survival time was computed from the date of first The age-specific RER of death for cervical cancer was
diagnosis to the end-point, defined as death from ansignificantly higher for both groups of women aged 55-
cause. Closing date was defined as the date 5 years afdryears and those aged 65 years and over compared with
the first diagnosis. Relative 5-year survival was calculatethose aged 30-54 years (RER, 1.58 and 2.51; 95%
with adjustment for differences in the probability of deathconfidence interval [Cl], 1.43-1.74 and 2.30-2.73) (Table
from causes other than cervical cancer among subjec®. Model 1). The RER decreased slightly after adjusting
Relative survival was calculated as the ratio of observefbr diagnosed year (Model 2), and also after adjusting for
survival to expected survival; the latter was estimatediagnosed year and detection by screening (Model 3).
using the probability of survival in the general populationAdding adjustment for cancer stage at diagnosis, the RER
of Japan for similar subjects with respect to sex, age, arsanong the 55-64 year old decreased to 1.16 (95% CI 1.05-
calendar year at diagnosis. 1.28), and also in the 65 year old and over to 1.63 (95%

Differences in 5-year relative survival among ageCl 1.49-1.79) (Model 4). The stage-specific RER
groups were modeled with multiple regression approacimcreased from 5.60 to 19.51 for a more advanced stage
based on generalized linear models and adopting ttet diagnosis; therefore, cancer stage at diagnosis was found
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Table 1. Characteristics and Relative 5-year Survival for All Cervical Cancer Cases

<30 years old 30-54 years old 55-64 years old 65+ years old
Number Survival Number Survival Number  Survival P-value*** Number Survival P-value
Total 190 88.3 (2.0)** 5,111 77.6 (0.6) 2,161 66.6 (1.1) <0.01 2,586 52.8 (1.1) <0.01
Diagnosed year
1975-1979 19 (10.0) -- 1,143 (22.4) 74.0 (1.3) 482 (22.3) 59.0 (2.4) <0.01 429 (16.6) 48.3 (2.8) <0.01
1980-1984 29 (15.3) -- 1,276 (25.0) 80.3 (1.1) 496 (23.0) 68.7 (2.1) <0.01 514 (19.9) 52.8 (2.5) <0.01

1985-1989 28 (14.7) - 981 (19.2) 79.8(1.3) 418 (19.3) 72.6 (2.2) <0.01 542 (21.0) 52.3(2.4) <0.01
1990-1994 56 (29.5) 91.1 (2.7) 848 (16.6) 80.9 (1.3) 345 (16.0) 69.4 (2.4) <0.01 485 (18.8) 56.4 (2.5) <0.01
1995-1999 58 (30.5) 85.6 (3.6) 863 (16.9) 71.8(1.5) 420 (19.4) 63.6 (2.3) <0.01 616 (23.8) 53.3(2.2) <0.01
Detection by screening

Yes 4 (2.1)* -- 220 (4.3) 93.5(1.5) 67 (3.1) 88.5(3.4) 0.18 24 (0.90) -- -
No 186 (97.9) 88.0 (3.0) 4,891 (95.7) 76.9(0.7) 2,094 (97) 65.9(1.1) <0.01 2,562 (99.1) 52.3 (1.1) <0.01
Cancer stage

Localized 158 (83.2) 94.0 (1.5) 3,406 (66.6) 91.8 (0.5) 1,094 (50.6)85.6 (1.1) <0.01 1,098 (42.5) 74.6 (1.6) <0.01

Regional 23 (12.1) -- 1,161 (22.7) 47.4 (1.5) 776 (35.9) 49.2(1.8) 0.43 1,074 (41.5) 40.1(1.7) <0.01
Distant 1 (0.5) -- 162 (3.2) 8.2(2.5) 97 (4.5) 9.6 (3.6) 0.76 164 (6.3) 6.6(2.6) 0.65
Unknown 8 4.2) -- 382 (7.5) 74.4(2.2) 194 (9.0) 58.7 (3.7) <0.01 250 (9.7) 42.6 (3.6) <0.01
Treatment

S+R+C 11 (5.8) - 662 (13.0) 55.2 (2.0) 346 (16.0) 64.0 (2.8) <0.05 211 (8.2) 55.9(3.8) 0.87
S+R 19 (10.0) -- 981 (19.2) 73.6 (1.5) 452 (20.9) 70.9 (2.4) 0.35 281 (10.9) 70.4 (3.4) 0.39

s+C 28 (14.7) -- 415 (8.1) 79.1(2.2) 160 (7.4) 80.9(3.8) 0.68 96 (3.7) 67.8(5.9) 0.07
Surgery 88 (46.3) 96.5(3.7) 2,170 (42.5) 97.0 (0.5) 455 (21.1) 90.1 (1.9) <0.01 306 (11.8) 85.3 (2.9) <0.01
R+C 4 (2.1) - 266 (5.2) 30.9(2.8) 253 (11.7) 41.0 (3.2) <0.05 443 (17.1) 40.3 (2.7) <0.05
Radiotherapy 2 (1.1) -- 337 (6.6) 47.4(2.8) 356 (16.5) 54.3(2.8) 0.08 920 (35.6) 52.8 (1.9) 0.11
Chemotherapy 0 (0.0) -- 29 (0.6) -- 25 (1.2) -- - 104 (4.0) 85(2.4) -

No therapy 38 (20.0) - 251 (4.9) 81.5(2.9) 114 (5.3) 54.8(5.2) <0.01 225 (8.7) 20.7 (2.8) <0.01

* Figures in parentheses are proportions of total number of patients; ** Standard errors; *** Relative 5-year survivaliates eval
as compared with cases between 30 and 54 years old; S, Surgery; R, Radiotherapy; C, Chemotherapy

Table 2. The Estimated Relative Excess Risk (RER) for Cervical Cancer Cases

Model 1 Model 2 Model 3 Model 4 Model5
RER 95% Cl* RER 95% CI RER 95% CI RER 95% ClI RER 95% CI
Age
30-54 years old 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

55-64 yearsold 158 1.43-1.74 157 1.42-1.73 156 1.41-1.72 1.16 1.05-1.28 0.98 0.89-1.08
65+ years old 251 2.30-2.73 2.49 2.28-2.72 243 2.22-2.66 1.63 1.49-1.79 122 1.11-1.34
Diagnosed year

1975-1979 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
1980-1984 0.77 0.69-0.87 0.78 0.69-0.87 0.98 0.87-1.11 0.93 0.83-1.05
1985-1989 0.76 0.67-0.85 0.75 0.67-0.85 0.83 0.74-0.95 0.81 0.71-0.91
1990-1994 0.74 0.66-0.84 0.74 0.65-0.84 0.80 0.71-0.92 0.79 0.69-0.90
1995-1999 0.94 0.84-1.06 0.95 0.85-1.06 0.92 0.82-1.03 0.88 0.78-0.99
Detection by screening

Yes 1.00 (ref) 1.00 (ref) 1.00 (ref)

No 418 2.66-6.56 2.70 1.76-4.15 219 143-3.35
Cancer stage

Localized 1.00 (ref) 1.00 (ref)
Regional 5.60 5.04-6.22 3.53 3.17-3.93
Distant 19.5 17.0-22.4 10.3 8.91-11.9
Unknown 3.53 3.02-4.14 220 1.87-2.58
(1/df) Deviance ** 4.06 1.88 1.22 1.29 1.21

* Confidence interval; ** The deviance (1/df) is a measure of the model's goodness of fit

to be strongly and significantly associated with the Figure 1 indicates reducing age-specific differences
prognosis. For women with cervical cancer of unknowrafter adjusting for prognostic factors, namely impact of
stage, the risk was 3.53-fold as compared with a localizgstognostic factor effect. Among the 55-64 year old, the
stage. After adding adjustment for treatment in model Sage-specific RER in model 1 has decreased only by 1.4%
the RER among women aged 55-64 years was no longgr-In1.57/In1.58) in model 2 which shows the effect of
significantly higher than those aged 30-54 years (RERiiagnosed year, and also by 2.8% (1-In1.56/In1.58) in
0.98; 95% ClI, 0.89-1.08), whereas it was still obviouslymodel 3 which shows the effect of diagnosed year and
higher among women aged 65 years and over (RER, 1.23tection by screening. The RER has decreased by 67.6%
95% Cl, 1.11-1.34). (1-In1.16/In1.58) in model 4 which shows the effect of
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Figure 1. Reducing Age-specific Differences by Adjustment for Prognostic Factors

diagnosed year, detection by screening and cancer stagecording to recommendation of the Japanese Ministry
and was almost equivalent to the reference in model &f Health, Labor and Welfare, women over age 30 have
which shows the effect of diagnosed year, detection bpeen screened for cervical cancer every year since 1982,
screening, cancer stage and treatment. Also among the 88d then women over age 20 have been screened every
year old and over, the RER in model 1 has decreased oriiyo years since 2004. However, many women are not
by 0.9% (1-In2.49/In2.51) in model 2, by 3.5% (1-In2.43/using these services in Japan including Osaka: the
In2.51) in model 3, by 46.9% (1-In1.63/In2.51) in modelcoverage of this nationwide screening program was only

4 and by 78.4% (1-In1.22/In2.51) in model 5. 20.8% among women aged 20 years and over in 2004
(Comprehensive Survey of the Living Conditions of
Discussion People on Health and Welfare, http://

wwwdbtk.mhlw.go.jp/toukei/cgi/sse_kensaku).

Decreased relative 5-year survival among the ageWidespread use of cervical screening has been associated
patients was attributable mainly to their advanced stageith a substantial reduction in the incidence rate of and
at diagnosis: The age-specific RER has decreased lgortality from cervical cancer (Quinn et al., 1999;
64.8% among the 55-64 year old as the effect of cancédacgregor et al., 1994). We, therefore, need to improve
stage at diagnosis, and by 43.4% among the 65 year olble nationwide cervical cancer screening program in order
and over. to increase coverage and the number of earlier diagnosis.

The difference of estimates of RER which hasFor example, a tailored outreach intervention (Marcus et
decreased with adjustment for cancer stage showed thait, 1998; Dietrich et al.,2007; Wagner et al., 2007; Agurto
cervical cancer patients aged 65 years and over still miglet al., 2006) may be useful for women who do not follow
have some other risk of death for cervical cancer athe screening recommendations, as they tend to be
compared with patients aged 55-64 years, for exampleliagnosed at a more advanced stage and be symptomatic
more difficulty in applying complete therapy protocols at the time of diagnosis (Sung et al., 2000; Leyden et al.,
because of complications associated with higher age005).
Elderly patients with malignancies in general are less As reported in our prior study, a limitation of this study
likely to receive aggressive primary therapy than theits that the reporting of cancer diagnoses to the cancer
younger counterparts. This trend has been observed feggistry by medical institutions was incomplete, because
surgery, radiation and chemotherapy (Wright et al., 2005he proportion of DCO cases for cervix uteri in OCR was
Neugut et al., 2002; Mandelblatt et al., 2000; de Perrot dtigher than that in North American or northern/western
al., 1999). Therefore, decreased relative 5-year survivdturopean registries. Furthermore, there is some difference
among the geriatric patients might be attributable mainlyn the degree of its completeness by age. The DCO %
to not only their advanced stage at diagnosis but alseas higher with increasing age; therefore, the survival
limitation on the combination of treatment. for cervical cancer might have been underestimated in

Our population-based study suggests that there aur study. We need to reanalyze the association between
increasing demands for diagnosis at an earlier cancer stagervical cancer survival and age when notifications reach
especially in those aged 55 to 64 years. Screening satisfactory level of completeness. The proportion of
programs have been offered by the municipal governmentietection by screening also might be underestimated as,
for citizens, and by employers for some workers.in Japan, there is no system to catch the information
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whether patients diagnosed as cancer were detected by

screening or not. Other limitation is in the generalizationviandelblatt JS, Hadley J, Kerner JF, et al (2000). Patterns of

of these study findings, since this study was based on the breast carcinoma treatment in older women: patient

OCR database only. It is necessary to ascertain from preference and clinical and physical influen&eancer 89,

nationwide cancer registry data whether or not similar 561-73.

problems exist in other areas in Japan. Marcus AC_:, C_rane LA_(1998). A revi_ew c_>f c_ervical cancer
Despite some limitations inherent in our study, SCreening intervention research: implications for public

decreased relative 5-year survival was caused mostly by h%"’.‘lth progrr]ams a;]nd fumfre g’se"’.‘mfc\:’ Med 2,\;' 13'21' e

their advanced stage at diagnosis among the aged patientée.Oa juvant Chemotherapy for Gervical Cancer Meta-Analysis

: ) 7" Collaboration (NACCCMA) Collaboration (2004).

The authors consider that cervical cancer screening in - Negadjuvant chemotherapy for locally advanced cervix

Japan should be performed as an organized screening with cancerCochrane Database Syst ReyCD001774.

effective outreach interventions to increase the detectioNeugut Al, Fleischauer AT, Sundararajan V, et al (2002). Use of

of earlier stage disease at the time of diagnosis and to adjuvant chemotherapy and radiation therapy for rectal

improve the survival for cervical cancer patients. cancer among the elderly: a population-based stu@in
Oncol 20, 2643-50.
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