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Abstract. Ovarian cancer is the second most common gyne-
cological cancer worldwide. Little is known about the disease
in Sudan. The objective of the present study was to evaluate
the incidence rate, age and stage at diagnosis, and median
survival time of patients presenting at the National Cancer
Institute-University of Gezira (NCI-UG), Sudan. Data were
collected in a prospective study of women with ovarian cancer
over a period of eleven years of follow-up (between 2000 and
2011). Descriptive statistics were used to summarize the distri-
bution of the demographics of the sample. The direct method
was used to compute the age-standardized rate (ASR) using data
from the 1966 and 2000 World Standard Populations (WSPs).
The Kaplan-Meier method was used to estimate survival
functions and the median survival time. Log-rank tests were
used to statistically compare between the survival functions.
There were steady increases in ovarian cancer incidence rates
between 2000 and 2009, with a slight decline noted in 2010
and 2011. The patients' age range was 9-90. The age-specific
incidence rate increased greatly in women aged 55 years or
older. The majority of the patients had stage III or IV disease.
The annual ASR using WSPs 1966 and 2000 as standard
populations were 3.3 and 3.7 per 100,000 women, respectively.
The median survival time was 31 months (95% confidence
interval, 19-43). The 5-year cumulative survival rate was 38%.
In Sudan, ovarian cancer affects postmenopausal women, akin
to what is reported in the developed world with high incidence
rates. Presenting with advanced stage disease is the predomi-
nant factor that results in a short survival time for women.
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Introduction

Ovarian cancer is the seventh most common cancer, and it is the
most common cause of mortality from gynecological cancers
worldwide, with 238,619 incident cases in 2012 according to
Globocan (http://globocan.iarc.fr/Default.aspx) (1). In developing
countries, it is ranked the second most common gynecological
cancer, and constitutes the fourth most common of all cancers
in women, with 17,755 incident cases in 2012. Essentially, the
highest incidence rates of ovarian cancer are found in the devel-
oped countries. Northern Europe has the highest incidence rate
(13.3 per 100,000 person-years), followed by Western Europe
(11.3 per 100,000 person-years) and Northern America (10.7
per 100,000 person-years), whereas North Africa has the lowest
incidence rate (2.6 per 100,000 person-years) (2).

The incidence rate of ovarian cancer in the entire Sudan
has yet to be identified; however, in a hospital-based data
set from the National Cancer Institute, Gezira University,
Central Sudan and Radiation Isotopes Center in Khartoum,
collected between 2000 and 2006, ovarian cancer accounted
for 6.8% (949) of all recorded cancers (n=226,652), and it was
ranked the sixth most common cancer for both genders (3).
Additionally, in a more recent data set (2009-2010) from the
National Cancer Registry for Khartoum State alone, ovarian
cancer was the fourth most common cancer in women, with
an estimated incidence rate of 188 per 100,000 population,
a gender-specific rate of 8.0 per 100,000 population, and an
age-standardized rate (ASR) of 7.0 per 100,000 population (4).
Furthermore, neither the morality rate for ovarian cancer nor
the survival rate in Sudan has previously been described due
to a lack of the availability of death certificates, the majority
of patients presenting with advanced stage disease were not
thoroughly investigated or treated symptomatically.

Globally, a lack of reliable screening modalities has
restricted the opportunities for early diagnosis and cancer
detection, leading to a significant proportion of women world-
wide presenting at an advanced stage of the disease. Due to
this late presentation, available treatments are ineffective, and
the majority of patients relapse following treatment-induced
regression (5). Furthermore, there is substantial geographic
variation in the incidence of ovarian cancer and mortality,
with higher incidence observed in developed countries (9.4 per
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100,000 women) compared with women living in the devel-
oping world (5.0 per 100,000 women) (6).

The present study aimed to describe the time trends of the
incidence rate of ovarian cancer in women diagnosed in Central
Sudan between the years 2000 and 2011, as well as to investigate
the age at diagnosis, histological type, stage, management and
survival pattern of women with ovarian cancer presenting at the
National Cancer Institute, Gezira University (NCI-UG), Sudan.

Materials and methods

The present study reports on patients with ovarian cancer
who received treatment at NCI-UG, Wad Madani, Gezira
State, Sudan, between January 2000 and December 2011. The
NCI-UG offers gynecologic-oncological services to residents
of Gezira State, as well as other neighboring states. All cases
were referred to the NCI-UG, as it the only cancer center in
the region to offer cancer treatment, as mentioned above. The
Gezira, or Al Jazirah, State is located in central Sudan, south
of the capital city, Khartoum. The present study was conducted
with the approval of the NCI-UG's and Purdue University's
Institutional Review Boards.

During the study period, Sudan was recognized as the largest
country inthe African continent, with atotal area of 96,710 square
miles, making the country slightly larger than one-quarter the
size of the USA. Sudan is divided into 26 states and districts, with
differing population densities. The states' Ministries of Health,
Armed Forces, Universities, Police and private sector collec-
tively, in an uncoordinated manner, provide health services to
the people of Sudan. The public sector health services in Sudan
are organized at three levels: Primary, secondary and tertiary.
The states' general hospitals are the referral centers for the entire
state (see the Federal Ministry of Health's website: http:/ghdx.
healthdata.org/organizations/federal-ministry-health-sudan).
The Radiation and Isotope Center in Khartoum (RICK) and
NCI-UG at Wad Madani, Gezira State are the only two special-
ized cancer centers providing chemotherapy and radiotherapy
services for all 26 states. Treatment is offered free for cancer
patients. After exhausting all medical attempts at treatment
at the primary and secondary care facilities, as well as local
healers, patients are referred to RICK or NCI-GU, depending on
the proximity to the patient's residence.

For the present study, data on the age of the patient at
diagnosis, tumor pathology, stage of disease, treatment given,
as well as demographic information (occupation, tribal affili-
ation), patient residence (urban/rural) and area of residence,
were retrieved from the NCI-UG Cancer registry. The
NCI-UG Cancer registry was the first national cancer registry
to be established in Sudan (in 2006) with the support of the
International Agency for Research (IARC). It uses the CanReg
format (www.iacr.com.fr/canreg5.htm). Data are collected
actively, as well as passively, and are checked for accuracy
prior to being entered in the computer. Patients with a diagnosis
of ovarian cancer from all gynecological hospitals in Gezira
State and the surrounding states are referred to the NCI-UG.
Usually, the referred patients will have a pathology or cytology
report. In rare cases, for patients who were not fit for surgery
or who had a negative cytology report, a clinical diagnosis was
used [clinical presentation or imaging, in addition to an assess-
ment of the tumor biomarker, cancer antigen 125 (CA125)].
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Tumors were classified according to the tumor-lymph
node-metastasis (TNM) classification, which is based on size
of the primary tumor and presence of metastatic regional lymph
nodes and/or of distant metastases (7). Few data on grade were
available (note that this was not a common service at these local
facilities). Tumors were graded as poorly differentiated, moder-
ately differentiated or well differentiated. Staging was based on
the primary operative report,and was performed according to the
systems adopted by the International Federation of Gynecology
and Obstetrics (FIGO) (8). Histological types of tumors were
coded according to the International Classification of Diseases
for Oncology (ICD-0O) (9). The specific subtypes of tumors
were as follows: Carcinoma, not otherwise specified (NOS),
clear cell, papillary serous cystadenocarcinoma (PSCAD),
moderately differentiated papillary serous adenocarcinoma
(MDPSAD), moderately differentiated mucinous adenocarci-
noma (MDMAD), endometrioid carcinoma (END/ENDOM),
sex cord tumors (SCT), germ cell tumors (GCT) and mucinous
cystadenocarcinoma (MCAD).

Patients were treated with surgery, and preoperative and
postoperative chemotherapy. Patients were followed every
2 months during the first year, every 3 months during the
second year, 4 months during the third year, and subsequently
6 months thereafter. During follow-up, patients were evaluated
according to their history and standard diagnostic investiga-
tions, if required.

Statistical analysis. Descriptive statistics were presented to
summarize the distribution of the demographics of the study
sample. Different incidence rates of ovarian cancer, including
the annual incidence rate, the age-specific rate and the ASR,
were derived (10). The direct method was used to compute
ASR using different standard populations, including the 2008
Sudan population and the 1966 and 2000 World Standard
Populations (WSPs). The Kaplan-Meier method was used
to estimate survival functions and median survival time.
Log-rank tests were used to statistically compare between
the survival functions. IBM SPSS Statistics for Windows,
version 20.0 (IBM SPSS, Armonk, NY, USA) was used to
analyze the data. P<0.05 was taken to indicate a statistically
significant value.

Results

Demographic data. During the period between January 2000
and December 2011, 341 ovarian cancer cases were diagnosed
at the NCI-UG Center. Table I shows the distribution of
ovarian cancers based on patient characteristics. The ages of
the women at diagnosis ranged between 9 and 90 years, and
the median age was 50 (standard deviation, £16 years). Of
the 341 women diagnosed with ovarian cancer, 239/341 (70%)
were from the Gezira State, whereas the remaining 30% were
from the surrounding states, with the majority from Sinnar.
Patients with ovarian cancer belonged to 40 tribal affiliations,
with the majority belonging to Jaaleen (59/341; 17%), Kawahla
(38/341; 11%), Rhfaa (32/341; 9%) and Shaiqiah (22/341; 6%).

Tumor histopathology. Histological classification of ovarian
tumors for the 341 patients diagnosed with ovarian cancer at the
NCI-UG is shown in Fig. 1. Germ cell tumors predominantly
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affected younger women, aged <50 years old (25/30; 83%), and
predominantly stage 1 patients (50%).

Tumor stage. According to the TNM staging criteria, the
majority of patients (73%) were diagnosed with late-stage
(stage III and IV) cancer (Table I).

Incidence of ovarian cancer. An increasing trend in the
incidence rate of ovarian cancer was observed between 2000
and 2009, after which time it started declining in 2010 and 2011
(Fig. 2). The annual incidence rate peaked at 3 per 100,000
women in 2009. The ASRs on a yearly basis are presented
in Fig. 3. The cumulative ASRs between the years 2000 and
2011 were measured as 22, 27 and 30 per 100,000 women
using the 2008 Sudan population, the 1966 WSP and the 2000
WSP as the standard population, respectively. Similarly, the
ASR increased between 2000 and 2009, and started to decline
in 2010 and 2011 (Fig. 3). The incidence rate of ovarian cancer
increased greatly in women aged 55 years or older (Fig. 4).

Surgical and chemotherapy management. Treatment consisted
of a primary operation, followed by chemotherapy and/or
radiotherapy. The standard surgical procedure at the NCI-UG
and Wad Medani Obstetrics and Gynecology Hospital included
total abdominal hysterectomy, bilateral salpingo-ophrectomy
and omentectomy, which was performed in 37% of the
cases. Other surgical procedures carried out by gynecolo-
gists outside of Wad Madani included salpingo-ophrectomy,
bilateral salpingo-ophrectomy and partial surgery (performed
in 7, 0.6 and 18% of the patients, respectively). Patients who
were not fit for an operation were diagnosed using fine-needle
aspiration cytology (17%) and or tru-cut biopsy (35%) and tumor
marker (CA125) evaluation. Cases in which an operation was
not possible, due to advanced disease, metastatic disease or the
patient being unsuited for an operation, received neoadjuvant
chemotherapy prior to a re-evaluation for complete surgery.
Patients who underwent partial surgery prior to visiting the
NCI-UG received either complete surgery or neoadjuvant
chemotherapy first, and subsequently interval debulking
surgery, depending on the response to chemotherapy and the
patient's fitness.

Chemotherapy, used as a neoadjuvant therapy or post-oper-
atively as an adjuvant therapy, depends on the stage and grade
of the cancer, as per international guidelines (11). All patients
(with the exception of stage I patients) received adjuvant chemo-
therapy. For stage I patients, only those with a high-grade tumor
and positive cytology received adjuvant chemotherapy. The
chemotherapy administered was carboplatin-based (carboplatin/
cyclophosphamide), and patients who had a poor response, or
who suffered a relapse shortly after the chemotherapy, received
second-line taxol-base chemotherapy (taxol/carboplatin).
However, the taxol supply was not sustainable, due to financial
reasons and also availability, and therefore Taxol/carboplatin
could only be used as a second-line treatment. Approximately
27% (92/341) of patients with serous cystadenocarcinoma, or
cancer not otherwise specified, received preoperative chemo-
therapy and, of those, 48% (44/92) received postoperative
chemotherapy. Approximately 73% (249/341) of the patients
received no preoperative chemotherapy; of those, 10% had germ
cell tumors, 50% had serous cystadenocarcinoma, and 16% had
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Table I. Distribution of ovarian cancers based on patient
characteristics.

Variable Frequency* (%)
Age total 340 (100)
<15 3 (D)
15-15 16 (5)
25-54 166 (49)
55-64 75 (22)
65+ 80 (23)
Stage total 341 (100)
0 4(1.2)
I 57 (1.7)
11 32 (94)
111 169 (49.6)
v 79 (23.2)
Age-specific rate (per 100,000)
<15 0.42
15-24 4.13
25-54 2721
55-64 109.34
65+ 111.08
Occupation 340 (100)
Child 2(1)
Employee 19 (5.5)
Farmer and worker 20 (5.8)
Housewife 278 (82)
Residence 340 (100)
Rural 262 (77)
Urban 78 (23)

“Differences in the sample sizes were due to missing values.
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Figure 1. Histological distribution of ovarian cancer.

cancer not otherwise specified. Of those 249 patients, 16%
received no postoperative chemotherapy.
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Figure 2. Annual incidence rates of ovarian cancer in Al Gezira State, Sudan,
between the years 2000 and 2011.
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Figure 3. Rate of ovarian cancer between 2000 and 2011 using the 2000 WSP
(dashed line), 1966 WSP (dotted line) and 2008 WSP (solid line) Sudan popu-
lation. The x and y-axes show the year and age-standardized incidence rates
of ovarian cancer per 100,000 population, respectively. WSP, World Standard
Population.
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Figure 4. Age-specific rates of ovarian cancer in women in the Al Gezira
State, Sudan, between the years 2000 and 2011.

Survival rate of patients with ovarian cancer. Of
the 341 patients diagnosed at the NCI-UG Center between
January 2000 and December 2011, 64/341 (19%) were still
alive, 39% were lost to follow up, and 42% had succumbed
to mortality. The median survival time was 31 months [95%
confidence interval (CI), 19-43]. The 5-year cumulative
survival rate of patients with ovarian cancer in Gezira State
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was 38% (95% CI, 30-46%). The cumulative survival rate was
significantly different among the disease stages at the time of
diagnosis (P<0.001). The median survival time in the stage I1I
and IV patients was 23 (95% CI, 18-28) and 15 (95% CI, 3-27)
months, respectively (Fig. 5A). Fig. 5B shows survival curves
for patients living in urban or rural areas.

Discussion

The current study has presented data collected from women
with ovarian cancer who visited the NCI-UG in Gezira
State for diagnosis and treatment. Data on 341 patients
were analyzed for the period between January 2000 and
December 2011. Within this group of women, the median age
at diagnosis was 50 years. Similarly young ages for the onset of
cancer have been reported for women from other sub-Saharan
African (12-14) and other (15) developing countries. However,
it is different from that reported for developed countries, in
which the median age at diagnosis is 61 years (16,17). This may
indicate that ovarian cancer affects young women in Africa.
However, this observation of a younger age at diagnosis in
African countries compared with other developed countries is
likely to be due to the difference in population age distribution
between the two: Africa has, by far, the youngest population
of any of the continents (18). Given that age is the single
substantive risk factor for the majority of cancers, including
ovarian cancer, a younger population will have a lower overall
incidence of ovarian cancer and a lower median age of onset,
based simply on the demographics of the population. In the
present study, the age-specific incidence rate, derived from a
consideration of the population size of a particular age group,
was determined to be highest in the group comprising women
aged =55 years, i.e. postmenopausal women (Fig. 4), which is
consistent with findings worldwide.

The present study has demonstrated that the majority of
patients with ovarian cancer presented with late stage disease, i.e.
stage III and I'V. This late presentation of ovarian cancer is also
observed in other sub-Saharan African countries (12,19). This
finding could be explained by the ‘silent’ nature of the disease
and its non-specific symptoms that hinder early diagnosis, in
addition to a lack of cancer awareness and education, the influ-
ence of local healers and witchcraft, and so forth. Additionally,
the majority of patients live in rural areas, where transportation
and financial affordability may also be influencing factors. More
than 90% of the tumors were epithelial in origin, with a higher
prevalence in older women. Germ cell tumors constituted 9%
of all tumors, and these were mostly predominant in younger
women, i.e. <40 years old (range: 16-39), a similar presentation
to what has been evidenced in the developed countries (20).

The present study revealed a gradual increase in the annual
incidence rate of ovarian cancer between the years 2000
and 2009, and a subsequent decline in the years 2010 and 2011
in Gezira State (Fig. 2). The increase observed during the
first nine years in the incidence rate may be attributed to
improvements in diagnostics and treatment services, due to
the establishment of the NCI-UG institution, which is the first
population-based cancer registry in the country in Gezira
State. On the other hand, the decline in incidence rates may be
a result of errors made in the data collection, or it may reflect
a true decrease in the ovarian cancer incident rate. Similar
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Figure 5. Kaplan-Meier plots showing the survival curves (A) according to the cancer stage (blue, stage 0 and I; green, stage II; orange, stage III; and black,
stage IV) and (B) according to the location of the patient (rural area, continuous line; urban area, dashed line).

declines in the incidence rates of ovarian cancer have also
been observed in Northern Europe, USA and China (12-24).
An analysis of the data for 2012-2014 may assist in providing
a more accurate picture regarding the trend in the incidence of
ovarian cancer in Gezira State.

The world population age distribution has changed consid-
erably, and therefore the World Health Organization (WHO)
introduced, in the year 2000, a new WSP for the calculation
of ASRs for future reports (25) to reflect more closely the age
composition of the world's population, as projected over the
subsequent 25 years. The goal of the new standard popula-
tion is to minimize the disproportionate weighting of events
in both the youngest and the oldest population groups (26).
Using this new standard population, the computed ASRs
of a number of cancer types, including ovarian cancer, are
greatly increased (27). However, as the majority of previously
published studies used the 1966 WSP to compute ASRs, they
cannot be compared directly with the ASRs computed using
the 2000 WSP. Therefore, in the present study, both 1966
and 2000 WSPs were used to calculate the ASR for ovarian
cancer. The 2000-2011 cumulative ASRs using the 2008
Sudan population, 1966 WSP and 2000 WSP as standard
population were determined to be 22, 27 and 30 per 100,000
women, respectively. The annual ASRs, using the 2008 Sudan
population and WSPs 1966 and 2000 as standard popula-
tions, were 2.7, 3.3 and 3.7 per 100,000 women, respectively.
Based on Globocan data (1) for 2008 using the 1966 WSP,
the reported 3.3 per 100,000 ASR for Gezira State is lower
compared with the ASR of all ovarian cancers reported
worldwide (6.1 per 100,000), and with that of the entire Sudan
(6.4), Africa (4.8), Sub-Saharan Africa (4.6), Eastern Africa
(5.5) and Northern Africa (5.6). The highest ASRs reported for
ovarian cancer were from the USA (8.1), all Europe (9.9) and
Australia and New Zealand (7.6) (27). The increase in ovarian
cancer in the developed world (USA, Europe and Australia
and New Zealand) compared with sub-Saharan Africa may be
accounted for by certain environmental factors and increased
cancer awareness, combined with improved detection strate-
gies.

At NCI-UG and the Wad Medani Obstetrics and
Gynecology Hospital, ovarian cancers are managed by surgical
debulking or cytoreduction of the tumor mass, followed by
combination carboplatin-based chemotherapy, as per interna-
tional guidelines. Treatments were administered according to

the patients' age, disease stage, tumor histology and expected
pregnancy. Surgical debulking or cytoreduction for advanced
stage disease has long been shown to increase survival rates.
In a meta-analysis of 53 studies of 6,885 patients with stage 111
and IV disease, it was reported that every 10% increase in
surgical debulking is associated with a 5.5% increase in the
median survival rate (28). The majority of patients (45%) in the
present study had surgical staging and debulking. Notably, of
those patients, one-third were alive, one third had succumbed
to mortality, and the remaining third were lost to follow up,
preventing the formulation of any conclusions regarding the
survival advantage of surgery in the current study.

Approximately 40% of the patients were lost during follow
up in the present study. Similar percentages of patients lost
to follow up were also observed in Ibadan (29) and Lagos,
Nigeria (13). This issue is of concern specifically in the devel-
oping world in determining cancer survival rates, and has been
discussed extensively by Sankaranarayanan et al (30). In the
current study, Kaplan-Meier curves were used to determine
survival rates and median survival times. Only the time up to
the last visit of the patient was used in the computation of these
survival measures. The loss to follow up may have resulted
in a decrease in the reliability of the estimates, which would
have been reflected in the 95% CI estimates. Without further
information on these patients following their last visit, it would
not be possible to accurately predict any direct bias, if any, in
the estimates. However, given that these patients did not follow
through the recommended treatments, it would be expected
that the survival measures estimated using the available data
could have been overestimated.

In the present study, administration of neoadjuvant therapy
did not alter the overall survival rate of the patients with
ovarian cancer after adjusting for the disease stage at diagnosis
(P=0.734). However, following stratification by disease stage,
administration of adjuvant chemotherapy revealed effects on
prolonging the survival rate in the stage III and IV patients
(P=0.002 and P<0.001, respectively), but did not reveal any
effects in the patients who were diagnosed at an earlier disease
stage. The current study did not identify any additional survival
benefits of neoadjuvant therapy compared with standard treat-
ments of advanced ovarian cancer, as previously reported by
others (31,32).

A crossover of the survival functions at ~40 months was
observed while comparing between the patients from rural
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and urban areas (Fig. 5B). Furthermore, based on a stratified
analysis, no marked difference in the survival rate was identified
between patients from rural (median survival time, 19 months)
and urban (median survival time, 15 months) areas during the
40 months following the diagnosis (P=0.267). However, after
this time point, the patients from urban areas (median survival
time, 121 months) survived longer compared with the patients
from rural areas (median survival time, 96 months), although the
difference was not significant (P=0.062). The 5-year cumulative
survival rate of patients with ovarian cancer in Gezira State (38%)
was an improvement compared with those reported for different
parts of Nigeria (29-33). However, the 5-year survival rate was
lower compared with the United States, which may be explained
by a lack of awareness and timely access to health care.

In addition, the current study has demonstrated that the
FIGO stage was an independent prognostic factor for invasive
ovarian cancer. The 5-year survival rate was greatly improved
for early stage cancer compared with the advanced disease.

One limitation of the present study was the possibility of
various errors in data collection and reporting, which may have
occurred, particularly with data collected prior to the estab-
lishment of the cancer registry at NCI-UG. Another possible
limitation of this study was that it did not include patients who
may have left NCI-UG and were subsequently treated at the
Khartoum Radiation and Isotope Center.

In Gezira State, the incidence rate for ovarian cancer exhib-
ited an increasing trend during the period between 2000 and
20009. It is more common in postmenopausal women, which
is in agreement with reports from the developed world (6).
Women presented at an advanced stage of the disease, which
resulted in short survival times. To the best of our knowledge,
this is the first study to determine the survival time for women
with ovarian cancer in the entire Sudan, and it should serve
as a basis from which to monitor the effectiveness of ovarian
cancer management in Sudan in the future.
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