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Background: Regional differences in cervical cancer survival have been reported in several countries. They 
may result from disparities in access to early diagnostic services, timely referral or appropriate treatment. 
Estimates of survival by stage at diagnosis could help to distinguish whether lower-than-expected survival 
is due to late-stage diagnosis or sub-optimal management, and to inform health-policy makers for resource 
allocation. In this retrospective cohort study, we aim to provide a detailed and up-to-date analysis of cervical 
cancer survival in Saudi Arabia by stage and region, and to explore whether any differences in survival 
between regions are due to differences in stage at diagnosis.
Methods: Data on all women diagnosed with invasive cervical cancer during 2005–2016 were obtained 
from the Saudi Cancer Registry (SCR). Vital status and date of death if dead were ascertained by linking 
the registry records to vital registration data in the National Information Centre (NIC) of the Ministry of 
Interior. Women for whom no death record existed on the day of record linkage were considered to be alive. 
We estimated age-standardised five-year net survival using the Pohar-Perme estimator for women diagnosed 
during 2005–2010 and 2011–2016. Survival was also estimated by region and stage at diagnosis, and by 
region stratified by stage. 
Results: Age-standardised 5-year net survival did not change in Saudi Arabia between 2005–2010 [59.2%; 
95% confidence interval (CI) 52.7–65.7%] and 2011–2016 (59.7%; 54.7–64.6%), or in any of the regions, 
except Makkah, where there was a 19% increase in survival for women diagnosed during 2011–2016 
compared to 2005–2010. Survival for women diagnosed at a distant stage was substantially lower in the 
Eastern Region than in other regions.
Conclusions: Cervical cancer survival has remained largely unchanged. Higher survival could be achieved 
by improving early diagnosis and access to high-quality treatment. 
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Introduction

The global range of age-standardised five-year net survival 
for women diagnosed with cervical cancer during 2010–
2014 is wide, from less than 40% in some African countries 
to over 70% in Northern Europe (1). 

Five-year survival for women diagnosed in Saudi Arabia 
between 1995 and 2004 has been reported (2). More 
detailed analysis by stage at diagnosis is important for 
interpretation of survival data, which is crucial to inform 
healthcare policy. Further, no research has yet been done 
to identify any regional disparities in cancer outcomes 
in Saudi Arabia. Healthcare in Saudi Arabia is provided 
free of charge by different government sectors, but the 
concentration of oncologists and modern treatment 
facilities in major cities may pose a challenge to equitable 
access to treatment (3,4). Regional variation and time trends 
in survival would enable assessment of the effectiveness of 
the healthcare system in treatment and control, reflecting 
the availability of early diagnosis, thorough investigation 
and effective treatment (5). Examining trends in survival 
by stage at diagnosis will help to determine both the 
effectiveness of diagnostic activity and the availability and 
efficacy of stage-appropriate treatment. 

Although relatively uncommon in Saudi Arabia and the 
Middle East in general, the availability of affordable and 
safe methods for prevention and early detection means that 
the majority of cervical cancer deaths are avoidable with 
relatively simple public health interventions (6). Therefore, 
in November 2020, the World Health Organisation 
launched a global strategy to eliminate cervical cancer as 
a public health problem (7). The strategy includes interim 
aims to screen 70% of women twice (by age 35 and again 
by age 45) using a high-performance test, and to treat 90% 
of women with identified cervical pre-cancer and 90% of 
women with invasive cervical cancer.

We provide up-to-date and detailed survival estimates 
for women diagnosed with cervical cancer in Saudi Arabia 
between 2005 and 2016. We explore survival trends by stage 
at diagnosis and administrative region. We examine whether 
any regional discrepancies in survival are due to differences 
in the distribution of stage at diagnosis or in stage-specific 
survival. We present the following article  in accordance 
with the STROBE reporting checklist (available at https://
ace.amegroups.com/article/view/10.21037/ace-22-2/rc).

Methods

The study was conducted as a retrospective cohort in which 

cancer registry and government records were utilised to 
obtain data on cervical cancer diagnosis and vital status at 
five years after diagnosis, respectively.

Ethical approval was obtained from the London School 
of Hygiene and Tropical Medicine (#14739, 17 January 
2018) and individual consent for this retrospective analysis 
was waived. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Data sources

We obtained data on all 2,330 women diagnosed with 
cervical cancer in Saudi Arabia between January 2005 
and December 2016 from the national population-based 
Saudi Cancer Registry (SCR). The data included full 
dates of birth, diagnosis and last known vital status, the 
administrative region of residence and of diagnosis; as well 
as nationality, tumour stage [Surveillance, Epidemiology 
and End Results (SEER) Summary Stage 2000], grade, 
morphology, behaviour, the date and cause of death if 
dead, as stated on a death notification or death certificate 
if received by the registry (cancer, other or unknown). 
Detailed data on stage at diagnosis are collected from 
pathology reports. SEER summary stage is then determined 
by trained registrars as localised [confined to uterine cervix, 
International Federation of Gynecology and Obstetrics 
(FIGO) stage I]; regional by direct extension to adjacent 
organs or structures, regional lymph node involvement, 
or both (FIGO stage II or III), and distant organ or lymph 
node metastasis (FIGO stage IV) (8). An assessment of 
data quality, including the validity of stage data, was made 
internally in 2014 by re-abstraction of data in a random 
sample of medical records from each region. The data were 
found to be highly concordant. Further details of cancer 
registration in Saudi Arabia have been published (9). 

Non-Saudi nationals often live in Saudi Arabia on work-
related visas of limited duration. Many return to their home 
countries after a diagnosis of cancer, making follow-up 
difficult. Obtaining accurate life tables for this population 
is challenging, given their unsteady in- and out-migration. 
Therefore, we limited the survival analyses to Saudi women. 

Of 1,477 records for Saudi women with an invasive 
primary cervical neoplasm, 1,199 (81%) had at least one 
complete (10-digit) national ID number, while 31 women 
had two ID numbers. Tumour registrars occasionally find 
more than one ID number in a woman’s medical record, one 
of which probably belongs to an accompanying husband 
or relative. All available ID numbers were submitted to 

https://ace.amegroups.com/article/view/10.21037/ace-22-2/rc
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the National Information Centre (NIC) of the Ministry of 
Interior. The vital status and if dead, the date of death, were 
requested, as well as sex, date of birth and complete name 
(first name, father, grandfather, and family name) to enable 
comparison with registry records. Linkage was successful 
for 1,193 ID numbers on 29 August 2019, corresponding 
to 1,191 registry records. Eighty-three of the ID numbers 
in the NIC belonged to males. This eliminated 29 of the 
second ID numbers in the records of women with two IDs. 
For the remaining two records, the correct ID number 
was selected based on matching names and dates of birth. 
The remaining 54 IDs belonging to males were therefore 
considered to be wrong ID numbers (Figure 1). For the  
373 women with missing, incomplete or wrong ID numbers, 
the date of last known vital status in the registry was used 
in the survival analyses. For 20 women, linkage of the ID 

in the tumour registration with NIC records did not reveal 
a date of death, even though the registry record showed 
them as having died. We treated these women as alive on 29 
August 2019 in the survival analyses, for consistency.

Six further records had names that did not completely 
match between registry and NIC records. Registry follow-up  
was used if more than one of the four names did not match 
(n=4). There was a much higher proportion of mismatch in 
dates of birth between registry and NIC records, ranging 
between 1 day and 24 years (Figure 2). Only 44% had 
perfectly matching dates of birth, while 23% had differences 
within 2 days, 19% within 1 year and 11% within 5 years. 
Many of the elderly in Saudi Arabia do not know their exact 
date of birth and are therefore assigned the mid-year date. 
In addition, the conversion from the locally used Hijri lunar 
calendar to the Gregorian calendar can lead to differences 

Figure 1 Women included in the survival analyses. NIC, National Information Center; DCO, death certificate only.
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Figure 2 Correlation between dates of birth recorded in the Saudi 
Cancer Registry and the National Information Centre (Ministry of 
Interior).

of a few days. Dates of birth from the registry were used for 
all analyses.

A total of 1,470 records were checked for CONCORD 
eligibility criteria (1). Patients were eligible for survival 
analysis if they had a complete date of birth, diagnosis and 
death if dead, were 15–99 years of age at diagnosis and 
if they had an invasive primary tumour with an eligible 
morphology and topography code. Further, patients were 
excluded from the analysis if registered based on death 
certificate only, or had inconsistent age, sex, morphology or 
site combinations (Figure 1, Table S1). Of the 1,242 women 
eligible for survival analysis, 1,219 (98.1%) were included in 
the survival analyses.

To control for background mortality in the estimation 
of net survival, we obtained life tables of all-cause mortality 
rates for women in Saudi Arabia, by single calendar year 
and 5-year age group, from the United Nations Population 
Division (UNPD). We interpolated them and extended 
them to age 99 years with the Elandt-Johnson method to 
obtain mortality rates by single year of age (10).

Statistical analysis

We estimated five-year net survival probabilities and their 
95% confidence intervals (CIs) for women diagnosed 
during the two calendar periods 2005–2010 and 2011–2016, 
both for the whole population, and for each of the three 
main administrative regions (Riyadh, Makkah and the 

Eastern Region) and the other ten regions combined. This 
was to ensure that enough women were available for robust 
estimation of survival in each category, given the small 
population of the other ten regions. 

Probabilities were estimated with the Pohar-Perme 
estimator (11) in Stata IC 16 version 1, using the program 
stns (12). Death due to any cause was the event of interest. 
Life tables of all-cause mortality rates in the Saudi Arabian 
female population were used to correct for background 
mortality. Women who were alive on 31 December 2018 
were censored. For the 291 (24%) women for whom ID 
number was not available, follow-up time was censored 
at the date when they were last known to be alive to the 
registry. The date of death in the registry was used for 
women known to be dead. 

A cohort approach was followed for women diagnosed 
during 2005–2010, for whom at least 5 years of potential 
follow-up were available. For the period 2011–2016, a 
complete approach was used, where women diagnosed 
in calendar years for which 5 years of follow-up were not 
available [2014–2016] were censored at the closing date (13).

We estimated one- and five-year net survival for each 
calendar period, and by region of residence and stage at 
diagnosis. Where at least 10 women were available for 
analysis in each age group, we produced estimates for 
each of five age groups (15–44, 45–54, 55–64, 65–74, and  
75–99 years). An age-standardised summary estimate was 
derived using the International Cancer Survival Standard 
(ICSS) group 2 weights (cancers for which incidence is fairly 
constant with age) (14). If fewer than 10 women were at risk 
for a single age group, they were combined with the women 
in the adjacent age group and the resulting survival estimate 
was assigned to both age groups, which were then used for 
age standardisation. If fewer than 10 women were at risk for 
two or more age groups, we only present the unstandardised 
estimate for all ages combined. Survival estimates were 
not age-standardised if fewer than 50 women were at risk 
in an analysis stratum. Further, estimates were not age-
standardised if, for at least one of the age groups with 10 
or more women, the last event occurred before 6 months 
for 1-year estimates or before 3 years for 5-year estimates, 
and some women are still alive at the end of follow-up. This 
was done in order to obtain robust estimates, based on past 
experience from the CONCORD programme (1).

For 11.3% of women for whom stage was missing, we 
imputed stage using a multinomial logistic model that 
included the Nelson-Aalen estimate of the cumulative 
hazard, the event indicator (death), and dummy variables 
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for grade, age group and region of diagnosis. We generated 
five imputed datasets. The resulting complete datasets had 
very similar stage distributions (Table 1). 

We estimated age-standardised net survival for each of the 
complete datasets by stage and period of diagnosis. We then 
combined the point estimates of survival and their variance, 
using Rubin’s rule, to obtain a single pooled point estimate. 
We further calculated the between-imputation variance to 
account for the extra uncertainty from the missing data (15). 
We combined the two variances to obtain the variance for 
the pooled estimate and to derive its 95% CIs.

We estimated net survival by region of residence and stage 
at diagnosis without age standardisation for the 12-year  
period 2005–2016 to avoid small numbers in older age 
groups. The comparability of estimates between regions is 
not expected to be compromised since the age distribution 
of women with cervical cancer was similar between regions.

Results

Study population

The mean age at diagnosis with invasive cervical cancer was 
53 years. The proportion of women diagnosed at a localised 
stage increased slightly from 2005–2010 to 2011–2016, 
but the proportion diagnosed at a regional stage decreased. 
There was minimal change in distant stage. Virtually all 
diagnoses were pathologically confirmed. The proportion of 
women with NIC follow-up increased between 2005–2010 
and 2011–2016 but the proportion with a censored survival 
time was higher in 2011–2016 because women diagnosed in 
2014–2016 did not have five full years of follow-up (Table 2).

Age-specific net survival

Net survival decreased with increasing age at diagnosis 

especially for those aged 65 and older (Table 3, Figure 3). 

Time trends in age-standardised net survival

From 2005–2010 to 2011–2016, age-standardised net 
survival for women from all regions and all stages combined  
did not change. 

The regional pattern of survival did change. Women 
living in the Makkah region moved from having the 
lowest 5-year net survival during 2005–2010 (49.9%; 
95% CI: 39.4–60.3%) to the highest during 2011–2016 
(69.1%; 60.1–78.0%), while survival for women living 
in Riyadh, the Eastern Region and the other 10 regions 
combined remained the same or fell slightly. There was 
a small increase in 5-year net survival for women who 
were diagnosed at a localised or regional stage, and a 
decline for those diagnosed at a distant stage, or with 
unknown stage. Survival for women with unknown stage 
was similar to that for women diagnosed at a localised 
or regional stage. Stage-specific net survival did not 
change after imputing stage where it was missing (Table 4,  
Figure 4).

Unstandardised stage-specific net survival for women 
diagnosed during the 12-year period 2005–2016 was 
similar between regions except for women diagnosed at a 
distant stage, for which 5-year net survival in the Eastern 
region was remarkably lower than that in all other regions 
(Table 5, Figure 5). When including unknown stage as a 
category using the unimputed dataset, there was no regional 
difference in net survival for women with unknown stage.

Discussion

Net survival

Age-standardised net survival at one and five years since 

Table 1 Stage distribution in the imputed datasets

Imputation Localised, n (%) Regional, n (%) Distant, n (%) Total

Complete observations 378 (34.97) 480 (44.40) 223 (20.63) 1,081

1 437 (35.88) 534 (43.84) 247 (20.28) 1,218

2 433 (35.55) 536 (44.01) 249 (20.44) 1,218

3 442 (36.29) 528 (43.35) 248 (20.36) 1,218

4 448 (36.78) 519 (42.61) 251 (20.61) 1,218

5 441 (36.21) 533 (43.76) 244 (20.03) 1,218
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Table 2 Characteristics of Saudi women included in the survival analysis (n=1,219)

Characteristic 2005–2010, n (%) 2011–2016, n (%) All periods, n (%)

Age (years), mean ± SD 52.70±13.59 53.73±13.47 52.8±13.52

Region of residence

Riyadh 145 (26.90) 174 (25.59) 319 (26.17)

Makkah 157 (29.13) 204 (30.00) 361 (29.61)

Eastern 92 (17.07) 122 (17.94) 214 (17.56)

Other 142 (26.35) 177 (26.03) 319 (26.17)

Unknown 3 (0.56) 3 (0.44) 6 (0.49)

Region of diagnosis

Riyadh 249 (46.20) 306 (45.00) 555 (45.53)

Makkah 171 (31.73) 218 (32.06) 389 (31.91)

Eastern 55 (10.20) 87 (12.97) 142 (11.65)

Other 63 (11.69) 68 (10.00) 131 (10.75)

Unknown 1 (0.19) 1 (0.15) 2 (0.16)

Stage

Localised 153 (28.39) 225 (33.09) 378 (31.01)

Regional 234 (43.41) 246 (36.18) 480 (39.38)

Distant 96 (17.81) 127 (18.68) 223 (18.29)

Unknown 56 (10.39) 82 (12.06) 138 (11.32)

Grade

I 38 (7.05) 60 (8.82) 98 (8.04)

II 191 (35.44) 205 (30.15) 396 (32.49)

III 136 (25.23) 207 (30.44) 343 (28.00)

IV 23 (4.27) 18 (2.65) 41 (3.36)

Unknown 151 (28.01) 190 (27.94) 341 (27.97)

Basis of diagnosis

Pathology 533 (98.89) 674 (99.12) 1,207 (99.02)

Clinical/imaging 2 (0.37) 2 (0.29) 4 (0.33)

Unknown 4 (0.74) 4 (0.59) 8 (0.66)

NIC follow-up available 377 (69.90) 551 (81.00) 928 (76.10)

Censored within 5 years of diagnosis 130 (24.10) 284 (41.70) 414 (34.00)

Total 539 680 1,219

SD, standard deviation; NIC, National Information Center.
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diagnosis for all Saudi women diagnosed with cervical 
cancer did not change between 2005–2010 and 2011–2016. 
Survival was similar for women diagnosed during these two 
periods in all regions except Makkah, where the 5-year net 
survival probability increased by 19%. There was a small 
decline in survival in Riyadh and in the ten peripheral 
regions. 

Five-year net survival (59–60%) for women diagnosed 
during 2005–2016 was lower than that reported for Saudi 
Arabia in CONCORD-2 for women diagnosed during 
1995–1999 (62.2%; 95% CI: 50.6–73.8%) and 2000–2004 
(65.6%; 56.8–74.4%) (2). However, the earlier estimates 
were flagged as being less reliable due to the very high 
proportion of women with censored survival times (75.9%). 
The data submitted for CONCORD-2 only contained 
follow-up provided by the cancer registry, which was 

obtained through a mix of active methods (search in patient 
records) and passive methods (receipt of death notifications 
and death certificates with a mention of cancer), whereas by 
linking records to the NIC, survival was only censored for 
34% of women in our analysis.

The age-standardised 5-year net survival estimates for 
cervical cancer in Saudi women were similar to those from 
other countries in Western Asia reported in CONCORD-3, 
such as Turkey during 2005–2009 (59.2%; 95% CI: 56.5–
61.9%) and 2010–2014 (60.7%; 58.1–63.3%), Jordan during 
2010–2014 (56.4%; 48.2–64.6%), Kuwait during 2010–2014 
(56.6%; 44.2–69.0%), and Qatar during 2005–2009 (55.5%; 
35.3–76.0%) and 2010–2014 (63.5%; 44.2–82.8%). Survival 
estimates were also similar to those in some Eastern 
European countries, but lower than in most countries in 
Western and Northern Europe (1).

A lack of improvement or even a decline in cervical 
cancer survival has been seen in some countries after the 
introduction of widespread cervical cancer screening, due 
to the selective diagnosis and removal of slower-growing 
precancerous lesions. More aggressive pre-invasive lesions, 
some of which carry a worse prognosis, may develop and 
progress to invasive cancer during the intervals between 
successive screens. However, this is unlikely to explain 
the lack of improvement in survival in Saudi Arabia, since 
uptake of Pap smears has been quite low, only about 7.6% 
of women aged 25–49 having had a Pap smear within the 
recommended intervals for their age (16). 

From 2005–2010 to 2011–2016, the proportion of 
women diagnosed at a localised stage increased, while the 
proportion diagnosed at a regional stage declined. However, 
there was no change in the proportion diagnosed at a 
distant stage. The probability of surviving up to five years 
was similar for women diagnosed at a localised or regional 
stage, while women diagnosed at a distant stage had much 
lower survival. This may explain the lack of improvement in 
survival for all stages combined.

The large improvement in survival that was only seen 
in Makkah cannot be explained by a higher proportion of 
missing ID numbers or fewer deaths captured by the registry 
in Makkah during 2011–2016. Nor could it be attributed 
to improvements in early detection (stage distribution by 
region did not differ, data not shown). In 2010, the newly 
founded oncology centre at King Abdullah Medical City 
became the first specialised cancer centre in the Western 
Region functioning under the Ministry of Health (MOH), 
with treatment centres in Jeddah and Makkah. In 2015, it 
became the first of three centres of integrated oncology and 

Table 3 One- and 5-year net survival (with 95% CI) by ICSS age 
groups for women diagnosed with cervical cancer during 2005–2016 
(n=1,219)

Age group 
(years)

n
1-year 5-year 

Net survival 95% CI Net survival 95% CI

15–44 364 89.2 85.8–92.6 68.7 62.9–73.7

45–54 362 88.9 85.5–92.3 63.6 57.2–68.6

55–64 237 81.2 75.8–86.5 52.8 45.9–60.7

65–74 155 67.5 59.7–75.3 39.1 28.5–46.3

75+ 101 57.8 47.3–68.2 30.1 22.7–43.5

CI, confidence interval; ICSS, International Cancer Survival Standard.

Figure 3 Age-specific net survival probabilities using ICSS age 
groups for Saudi women diagnosed with invasive cervical cancer 
during the 12-year period 2005–2016. ICSS, International Cancer 
Survival Standard.
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Table 4 Age-standardised 1- and 5-year net survival estimates, with 95% CI, by region of residence and stage at diagnosis, Saudi women 
diagnosed with invasive cervical cancer during 2005–10 and 2011–16

Period of diagnosis n
1-year 5-year

Net survival 95% CI Net survival 95% CI

Calendar period 2005–10 539 81.0 76.8–85.2 59.2 52.7–65.7

2011–16 680 79.4 75.8–83.0 59.7 54.7–64.6

Region of residence

Riyadh 2005–10 145 84.5 77.4–91.6 59.0 48.6–69.3

2011–16 174 77.1 70.1–84.2 55.8 47.3–64.2

Makkah 2005–10 157 80.5 72.9–88.1 49.9 39.4–60.3

2011–16 204 84.6 78.7–90.4 69.1 60.1–78.0

Eastern 2005–10 92 79.6 70.7–88.6 52.9 42.4–63.4

2011–16 122 79.1 71.0–87.3 53.4 42.8–64.0

Other 2005–10 142 78.2 71.3–85.1 64.8 53.8–75.9

  2011–16 177 74.1 66.8–81.3 57.6 48.8–66.4

Stage

Localised 2005–10 153 88.1 80.3–95.8 67.4 57.3–77.5

2011–16 225 90.0 84.1–95.9 73.8 63.5–84.1

Regional 2005–10 234 86.4 81.0–91.8 59.4 49.7–69.0

2011–16 246 83.5 78.0–89.0 66.5 58.8–74.3

Distant 2005–10 96 61.9 52.1–71.8 32.1 22.2–42.0

2011–16 127 55.6 46.5–64.7 25.2 16.6–33.8

Unknown 2005–10* 56 84.8 73.1–96.4 72.0 56.7–87.4

2011–16 82 70.4 58.6–82.2 63.4 49.9–77.0

Stage after imputation§

Localised 2005–10 879 88.2 80.7–95.8 69.6 59.3–79.9

2011–16 1304 89.9 84.2–95.7 74.3 64.9–83.6

Regional 2005–10 1282 85.8 80.5–91.1 60.8 51.3–70.3

2011–16 1376 84.3 78.9–89.6 68.2 60.5–75.9

Distant 2005–10 529 61.7 52.2–71.3 32.0 22.0–41.9

2011–16 720 54.3 45.1–63.6 24.9 16.3–33.4

*, unstandardised; §, n is the total from five imputations. CI, confidence interval. 

palliative care in Saudi Arabia designated by the European 
Society for Medical Oncology (ESMO). This led to the 
availability of more advanced treatment and an increased 
treatment volume, and may have resulted in more equitable 
access, efficient referral and timely treatment, translating 
into improved survival.

A small decrease in survival was seen in Riyadh and the 

ten peripheral regions. Higher availability of national ID 
numbers in the SCR records during later years has probably 
led to improved death ascertainment, but restricting the 
analysis to women with NIC follow-up did not alter the 
findings (data not shown). Improvement in completeness 
and timeliness of the reporting of deaths to the department 
of civil status may offer a better explanation for this 
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apparent reduction in survival. A fine was imposed in 2015 
for failure to notify deaths within 30 days. Electronic death 
notification was also introduced in MOH hospitals in 2016, 
and is now being rolled out to other hospitals. In the data 
with imputed stage, there was no change in the proportion 
of distant stage, except for Riyadh, where it increased by 4%. 
This may also explain the observed decrease in survival in 

that region.
Age-standardised five-year net survival increased slightly 

between 2005–2010 and 2011–2016 for localised and 
regional stage, but fell for distant stage. Together with the 
lack of improvement in survival for all stages combined, this 
pattern could be attributable to stage migration (17). This 
possibility is supported by the increase from 7% to 18% in 

Figure 4 Age-standardised 1- and 5-year net survival trends by stage at diagnosis and region of residence for Saudi women diagnosed with 
invasive cervical cancer during the calendar periods 2005–2010 and 2011–2016. *, unstandardised.
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Table 5 Stage-specific 1- and 5-year unstandardised net survival estimates, with 95% CI, by region of residence for women diagnosed with 
invasive cervical cancer during 2005–2016 (n=1,213)

Region N
1-year 5-year

Net survival 95% CI Net survival 95% CI

Region Riyadh 319 84.0 79.8–88.2 57.6 51.5–63.7

Makkah 361 84.8 80.9–88.7 57.8 51.9–63.8

Eastern 214 80.1 74.5–85.8 50.0 42.4–57.7

Other 319 79.3 74.4–84.1 60.2 54.1–66.3

Region and stage

Riyadh Localised 96 93.0 87.7–98.4 71.6 60.8–82.5

Regional 138 88.8 83.5–94.1 62.1 53.4–70.9

Distant 62 58.1 45.7–70.5 23.1 11.8–34.4

Unknown 23 94.1 83.3–105.0 77.2 54.9–99.5

Makkah Localised 142 87.9 82.2–93.7 62.2 52.4–72.1

Regional 128 92.4 87.6–97.2 59.9 50.3–69.5

Distant 55 62.4 49.1–75.7 34.1 20.3–47.9

Unknown 36 79.3 64.8–93.8 68.1 51.2–85.0

Eastern Localised 65 98.2 94.6–101.7 75.4 63.2–87.6

Regional 87 86.2 78.7–93.7 52.7 40.9–64.6

Distant 46 48.3 33.5–63.1 7.0 0.0–14.8

Unknown 16 68.8 44.4–93.1 58.9 32.4–85.5

Other Localised 72 98.1 94.5–101.7 89.4 80.7–98.2

Regional 127 83.4 76.7–90.0 62.7 53.8–71.5

Distant 58 59.9 47.4–72.5 32.1 19.5–44.8

Unknown 62 70.5 56.5–84.5 57.0 40.6–73.4

Region and stage after imputation§

Riyadh Localised 521 93.6 88.1–99.1 75.1 63.7–86.5

Regional 740 89.5 84.1–94.9 64.9 55.7–74.2

Distant 334 59.0 46.4–71.6 23.9 11.9–35.9

Makkah Localised 781 88.9 83.1–94.7 70.5 59.6–81.3

Regional 720 93.2 88.3–98.1 62.6 52.2–72.9

Distant 304 63.7 50.1–77.3 38.9 23.4–54.4

Eastern Localised 355 98.7 95.1–100.0 79.1 66.4–91.7

Regional 463 87.2 79.5–94.8 56.2 43.6–68.7

Distant 252 49.6 34.4–64.8 7.9 0.0–16.6

Other Localised 511 98.7 95.1–100.0 94.2 85–100.0

Regional 735 84.2 77.4–90.9 67.8 58.2–77.4

Distant 349 60.6 47.9–73.2 34.3 20.8–47.7
§, n is the total from five imputations. CI, confidence interval.
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Figure 5 One- and five-year unstandardised net survival estimates by region of residence and stage at diagnosis for Saudi women diagnosed 
with invasive cervical cancer during 2005–2016.
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the proportion of women with lymph node extension among 
women diagnosed at a regional stage (not shown). Stage 
migration was reported for cervical cancer in a study that 
compared stage distribution before and after applying the 
FIGO 2018 criteria, which incorporate advanced imaging 
findings (18). Improvement in the detection of lymph 
node extension was the main reason for stage migration 
in cervical cancer, while the detection of occult metastasis 
accounted for a small increase in distant stage. The authors 
did not observe any improvement in survival for women 
with distant metastasis after upstaging of tumours found to 

have occult metastasis (18).
Stage-specific unstandardised 1- and 5-year net survival 

was similar between regions except for the Eastern Region, 
where 5-year survival for distant stage was substantially 
(16% to 27%) lower than that in all other regions. 
However, this was based on only 46 observations. Although 
the age distribution between regions was similar, women 
diagnosed at a distant stage in the Eastern Region were 
on average between 2.1, 3.6 and 5.5 years older than those 
living in Makkah, Riyadh and the ten peripheral regions, 
respectively.
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A limitation of exploring the missing data mechanism 
and the process of multiple imputation in the current 
dataset is the lack of data on comorbidity and treatment (19). 

Region of  diagnosis  may be a  more important 
determinant of survival than region of residence. However, 
exploring survival by region of diagnosis was not feasible, 
because fewer women were diagnosed in one of the ten 
peripheral regions, especially in the older age strata. This 
could be explored using a larger dataset for a more common 
cancer.

It has not been possible to examine patterns of survival 
from cervical cancer in non-Saudi women due to the lack 
of follow-up data. Non-nationals make up a substantial part 
of the population and many are long-term residents who 
are unaccounted for in their countries of origin. Facilitating 
access to data from the Ministry of Interior on final exit 
from the country, besides the conventional information 
on vital status, may enable better understanding of their 
experience and enable routine estimation of survival for this 
population.

Conclusions

Cervical cancer survival among Saudi women has remained 
largely unchanged over the period 2005–2016. Achieving 
the higher survival seen in other high-income countries 
will require an increase in the proportion of women who 
are diagnosed at an early stage, through raising population 
awareness of early symptoms and signs, and implementation 
of a high-quality nation-wide screening programme, with 
a system for recall and referral of women with abnormal 
findings. It will also be crucial to ensure timely access to 
high-quality treatment for all women.
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Supplementary

Table S1 The number and proportion of Saudi women diagnosed with cervical cancer between 2005 and 2016 and are ineligible for, or excluded 
from survival analysis, and reasons for exclusion

2005-2010 2011-2016 All periods 2005-2016

Records Patients % Records Patients % Records Patients %

Total submitted 669 669 100.0 801 801 100.0 1470 1470 100.0

Incomplete date(s) 0 0 0.0 0 0 0.0 0 0 0.0

In situ neoplasm 113 113 16.9 107 107 13.4 220 220 15.0

Benign or uncertain behaviour 0 0 0.0 0 0 0.0 0 0 0.0

Metastatic from another primary site 0 0 0.0 0 0 0.0 0 0 0.0

Ineligible morphology 1 1 0.1 3 3 0.4 4 4 0.3

Ineligible topography - - - - - - - - -

Age at diagnosis <15 or 100+ years 4 4 0.6 0 0 0.0 4 4 0.3

Not eligible 118 17.7 110 13.7 228 15.5

Patients who are eligible for survival analysis 551 100.0 691 100.0 1242 100.0

Vital status unknown 0 0 0.0 0 0 0.0 0 0 0.0

Sex unknown 0 0 0.0 0 0 0.0 0 0 0.0

Sex-site error 0 0 0.0 0 0 0.0 0 0 0.0

Site-morphology mismatch 61 2 0.4 67 6 0.9 128 8 0.6

Age-site mismatch 2 0 0.0 0 0 0.0 2 0 0.0

Age-morphology mismatch 0 0 0.0 0 0 0.0 0 0 0.0

Age-site-morphology mismatch - - - - - - - - -

Invalid date(s) or date sequence 0 0 0.0 1 1 0.1 1 1 0.1

Death certificate only 10 10 1.8 4 4 0.6 14 14 1.1

Autopsy only 0 0 0.0 0 0 0.0 0 0 0.0

Duplicate registration 0 0 0.0 0 0 0.0 0 0 0.0

Synchronous tumours 0 0 0.0 0 0 0.0 0 0 0.0

Multiple primary same site 1 0 0.0 0 0 0.0 1 0 0.0

Total exclusions 12 2.2 11 1.6 23 1.9

Patients included in analyses 539 97.8 680 98.4 1219 98.1


