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Abstract
Background: Breast cancer in young Saudi women is a crucial problem. According to the 2002 annual report of
Saudi National Cancer Registry, breast cancers that developed before the age of 40 comprise 26.4% of all female
breast cancers comparing to 6.5% in the USA. Breast cancer in young patients is often associated with a poorer
prognosis, but there has been a scarcity of published data in the Middle East population.

Methods: Total of 867 breast cancer patients seen at King Faisal Specialist Hospital & Research Centre
(KFSH&RC) between 1986 and 2002 were reviewed. Patients were divided in two age groups: ≤ 40 years and
above 40 years. The clinicopathological characteristics and treatment outcomes were compared between
younger and older age groups.

Results: Median age at presentation was 45 years. A total of 288 (33.2%) patients were aged ≤ 40 years. Hormone
receptors were positive in 69% of patients 40 and 78.2% of patients above 40 (p = 0.009). There was a significantly
higher incidence of grade III tumor in younger patients compared to older patients (p = 0.0006). Stage, tumor size,
lymphatic/vascular invasion, number of nodes and axillary lymph node status, did not differ significantly between
the two age groups. Younger patients had a greater probability of recurrence at all time periods (p = 0.035).
Young age had a negative impact on survival of patients with positive axillary lymph nodes (p = 0.030) but not on
survival of patients with negative lymph nodes (p = 0.695). Stage, tumor size, nodal status and hormonal receptors
had negative impact on survival. Adjuvant chemotherapy was administered to 87.9% of younger and 65.6% of older
patients (p < 0.0001). In terms of hormone therapy, the proportion of tamoxifen treated patients was significantly
lower in young age group (p < 0.0001). No significant difference in radiation therapy between the two groups.

Conclusion: Young age (≤ 40) is an independent risk factor for relapse in operable Saudi breast cancer patients.
The fundamental biology of young age breast cancer patients needs to be elucidated.
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Background
In Western societies, breast cancer is the most common
cancer among women and is the leading cause of cancer
mortality [1]. Breast cancer is at the top among all the
malignancies seen in Saudi females, comprising of 21.8%
[2]. In addition, breast cancer in young Saudi's women is
a crucial problem, with the proportion of young age-onset
breast cancer much higher than in western countries.
According to the 2002 annual report of Saudi national
cancer registry, breast cancers that developed before the
age 40 accounted for 26.4% of all female breast cancers
compared with only 6.5% in USA [2].

Studies have shown that the young age at diagnosis of
breast cancer is associated with a poorer prognosis [3-9] or
no impact on prognosis [10-15] than older age at diagno-
sis. Various explanations have been given to these con-
flicting results, including small numbers of patients,
differences in patient selection criteria and inconsistent
age categories used in the analyses. Indeed, it has been
reported that breast carcinoma in younger patients com-
prises substantial clinical problems. Invasive breast carci-
noma occurring in young women (defined as ages 35–40
years or younger) generally has a higher proportion of
pathological features associated with more aggressive dis-
ease (Higher proportion of late stage, positive nodes, high
grade, extensive intraductal component, presence of lym-
phatic/vascular invasion, absence of estrogen receptor,
amplification or over expression of Her2/neu gene, higher
S-phase fraction) compared to breast carcinoma occurring
in older patients [9,16-21]. There is a paucity of published
literature on experiences of treating breast cancer in a
young Middle East population. To this end, it is important
for clinicians to clarify the existing controversy as to
whether aggressive treatment for young women with
breast cancer is justified.

The aim of this study is to analyze the clinicopathological
characteristics and compare the outcomes of younger
breast cancer patients, to the older counterparts.

Methods
Patients
The pathology data and cancer registry records of the King
Faisal Specialist Hospital and Research Center
(KFSH&RC) from 1986 to 2002 were reviewed. KFSH&RC
is a tertiary care facility and serves as the main referring
center for the whole Kingdom of Saudi Arabia (KSA).
Therefore, it is conceivable that the cancer pattern seen at
KFSH&RC is a reflection to that seen in the whole country.
This study was approved by the Research Advisory Coun-
cil (Institutional Review Board) of KFSH&RC with RAC #
204006.

Only patients with stage I-III who had definitive surgery
were included. Patients with distant metastasis detected at
the time of diagnosis or within 4 months of surgery were
excluded. Patients whose surgical margins were positive
for invasive carcinoma or ductal carcinoma in situ were
also excluded. Patient's records were reviewed for the fol-
lowing: age, tumor size, histological grade (SBR: Scarff-
Bloom-Richardson classification), axillary lymph node
status, presence or absence of lymphatic/vascular inva-
sion, type of surgery and adjuvant therapy given. Estrogen
receptor (ER) and progesterone receptor (PR) were deter-
mined in over 78% of cases. Disease was staged according
to the American Joint Committee of Cancer (AJCC) sys-
tem [22]. Disease Free Survival (DFS) was calculated as
the time between diagnosis and confirmation of disease
recurrence.

Statistical analysis
Comparison of categories within a given characteristic was
carried out with the Person χ2-test and, if any of the
expected frequencies was less than five, the Fisher's exact
test was used. The disease-free survival was the time
between diagnosis and confirmation of disease recurrence
and/or death which ever comes first. Survival analysis was
conducted using Kaplan-Meier method [23], with Wil-
coxon test for statistical significance. Multivariate analyses
were carried out using Cox's proportional hazards model
[24]. Two-sided P-value of < 0.05 was considered statisti-
cally significant. All statistical analyses were performed
using SAS (version 9.1).

Results
A total of 867 patients were eligible for this study, of
which 288 (33.2%) were aged ≤ 40 at the time of diagno-
sis, and 66.8% are pre-menopausal. The median age of the
patients was 45 years (range 14 – 90 years). The median
tumor size was 3.0 cm (range 1 – 29.0 cm). The histology
data showed that the distribution of invasive ductal carci-
noma, compared to lobular carcinoma, was significantly
higher in the younger age group compared to older age
group (p = 0.0009). There was a higher proportion of dou-
ble negative ER/PR status in the younger age group (p =
0.0086). In addition, there was a significant difference in
the grade between the two groups; Grade III tumors con-
stituted 48.5% and 36.4% of cases for patients ≤ 40 and >
40 years of age respectively. Axillary lymph node status,
the most prominent prognostic factor in breast cancer,
was not significantly different between the two groups. In
addition, neither the tumor size, stage, lymph-lymphatic/
vascular invasion nor numbers of nodes were different
between the two groups. The clinicopathological charac-
teristics of the patients in the two age groups are shown in
Table 1.
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Table 1: Clinical and pathological characteristics of all patients grouped as 40 years and > 40 years old
Table 2 shows the data obtained for the different thera-
peutic treatments of the 2 age groups. The proportion of
breast-conserving surgery compared to mastectomy was
significantly different between the two age groups (p =
0.0006). Adjuvant chemotherapy was administered to
87.9% of younger and 65.6% of older patients (p <
0.0001). In terms of hormone therapy, the proportion of
tamoxifen treated patients was significantly lower in
young age group (p < 0.0001). Adjuvant radiation therapy
was administered to patients who underwent breast-con-
serving surgery and after mastectomy in patients who had
four or more positive lymph nodes or a tumor size > 5 cm
in diameter. No significant difference in radiation therapy
between the two groups.

Overall, the 5- and 10-year disease-free survival (DFS) of
the study population was 82% and 66%, respectively.
When we stratified patients by age groups, DFS was signif-
icantly poorer for the younger group (Figure 1; p = 0.035).
Ten-year DFS of younger patients (≤ 40 years) was 60%,
compared to 70% for older patients over 40 years. Tumor
size, nodal involvement, number of positive nodes, path-

ological stages, grade, hormonal receptor status, and lym-
phatic/vascular invasion were significant prognostic
discriminate of DFS (Table 3).

Stratified analysis according to axillary lymph node status
was performed. In lymph node-positive patients there was
a significant difference in DFS between the two age groups
(Figure 2; p = 0.030). However, in lymph node-negative
patients, DFS was not significant (p = 0.695).

In multivariate analysis, young age (≤ 40 years) remained
a significant predictor of relapse when entered into a
model containing all potential demographic, pathologic
and immunohistochemical variables (Table 4. Hazard
Ratio (HR), 1.5; confidence interval, 1.0 – 2.2; p =
0.0352).

Discussion
Patients included in this study illustrate interesting char-
acteristics where 33.2% are young (≤ 40 years) and 66.8%
are pre-menopausal. While the median age at presenta-
tion is around 63 years in the United States and Western

Characteristics Age (years) P-value Total (unknown)

≤ 40 n (%) > 40 n (%)

Node Status 838
Positive 159 (57.8) 320 (56.8) 0.7878 (29)
Negative 116 (42.2) 243 (43.2)

Tumor Size 824
≤ 2 93 (32.3) 186 (32.1) (43)

3 – 5 155 (53.8)) 320 (55.3) 0.8532
≤ 5 40 (13.9) 73 (12.6)

Number of Nodes 824
0 116 (42.3) 241 (43.1) (43)

1 – 3 83 (30.3) 178 (31.8) 0.6731
4 – 10 51 (18.6) 104 (18.6)
> 10 24 (8.8) 36 (6.4)

Stage 762
I 38 (15.0) 67 (13.1) (105)
II 170 (67.5) 347 (68.1) 0.7259
III 44 (17.5) 96 (18.8)

Grade 793
I 7 (2.6) 38 (7.2) (74)
II 130 (48.9) 297 (56.4) 0.0006
III 129 (48.5) 192 (36.4)

Histopathology 854
(13)

Infiltrating ductal 270 (98.5) 520 (93.2) 0.0009
Infiltrating lobular 4 (1.5) 38 (6.8)

Lymph-Vascular Invasion 702
Both Positive 84 (36.7) 159 (33.8) 0.4459 (165)
Both Negative 145 (63.3) 312 (66.2)

Hormonal Receptor Status 677
ER+ PR+ 99 (44.6) 252 (55.4) 0.0086 (190)
ER- PR- 69 (31.1) 99 (21.8)
ER+ PR- 13 (5.9) 39 (8.6)
ER- PR+ 41 (18.5) 65 (14.3)
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Europe, the median age at presentation in this study is 45
years. The young age of patients in this study is attributed
to the overall age distribution in the KSA, where 50% of
the population is less than 15 years of age and only 3% are
older than 65 years. These patients' characteristics are in
sharp contrast with those reported in the West.

Gajdos et al [25] reported that patients diagnosed with
breast cancer before age 36 differ from older patients in
several respects. The younger age group presents more
often with more advanced and aggressive cancer. In spite
of aggressive treatment (mastectomy and chemotherapy)
in the younger age group, local and distant failure rates are
higher than for patients 36 and older. The higher rate of
local recurrence in patients less than 36 years reflects an
excess number of local recurrences in patients treated with

breast conservation. In the present study, we have found
that patients ≤ 40 years were treated more often with
breast-conserving surgery compared to mastectomy
(48.6% versus 36.5%, p = 0.0006), adjuvant chemother-
apy (87.9% versus 65.6%, p < 0.0001), and less often with
tamoxifen (p < 0.0001). Our current findings are in agree-
ment with what have been reported by Gajdos et al inves-
tigating breast cancer in young women [25]. It is
important to mention that similar protocols for the treat-
ment of breast cancer patients were used in both USA and
KSA and this may reflect the similarity of both studies.

Our results show that young age is a critical prognostic
factor in women with breast cancer in Saudi Arabia.
Among all studied prognostic factors, the distribution of
grade, histology, and hormonal receptor status showed a

Stratified analysis of survival of breast cancer between the two age groups (≤ 40, and above 40): Patients with operable breast cancer below the age of 40 had a worse survival than the group above age 40Figure 1
Stratified analysis of survival of breast cancer between the two age groups (≤ 40, and above 40): Patients with operable breast 
cancer below the age of 40 had a worse survival than the group above age 40.
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significant difference between the two age groups in our
patient population.

The results of the present investigation showed that being
young age at diagnosis (≤ 40 years) is an independent
prognostic factor for disease-free survival in addition to

nodal status, pathological tumor size, stage and hormonal
receptor status. We performed subgroup analysis by inves-
tigating patients with negative versus positive lymph
nodes and had different results. Young age had a signifi-
cant impact on survival in patients with positive lymph
nodes but not in patients with negative lymph nodes.

Table 3: Kaplan-Meier estimates of 5-year disease-free survival in relation to tumor and patient characteristics

Characteristics Number Patients 5-year Survival Rate 95% CI P-value

Age 0.0353
≤ 40 288 0.7740 0.7201 – 0.8279
> 40 579 0.8346 0.8007 – 0.8685

Node Status
• Positive 479 0.7667 0.7240 – 0.8094 < 0.0001
• Negative 359 0.8957 0.8608 – 0.9306

Tumor Size
≤ 2 279 0.8534 0.8062 – 0.9006 0.0052

3 – 5 475 0.8205 0.7823 – 0.8587
> 5 113 0.7021 0.6090 – 0.7952

Number of Nodes
0 357 0.8953 0.8604 – 0.9302 < 0.0001

1 – 3 261 0.8057 0.7524 – 0.8590
4 – 10 155 0.7624 0.6850 – 0.8398
> 10 60 0.5553 0.3969 – 0.7137

Stage
I 105 0.8881 0.8220 – 0.9542 0.0252
II 512 0.8307 0.7954 – 0.8660
III 140 0.7531 0.6731 – 0.8331

Grade 0.0109
I 45 0.9750 0.9266 – 1.0000
II 427 0.8290 0.7890 – 0.8690
III 321 0.7681 0.7171 – 0.8191

Histo-pathology
• Infiltrating ductal 780 0.8145 0.7861 – 0.8429 0.2180
• Infiltrating lobular 42 0.8682 0.7404 – 0.9960

Lymphatic/Vascular 
Invasion

242 0.7458 0.6835 – 0.8081 0.0002

• Both Positive 451 0.8599 0.8232 – 0.8966
• Both Negative

Hormonal Receptor
Status

• ER+ PR+ 351 0.8425 0.7960 – 0.8890 0.0069
• ER- PR- 168 0.7942 0.7266 – 0.8618
• ER+ PR- 52 0.7866 0.6688 – 0.9044
• ER- PR+ 106 0.7113 0.6000 – 0.8226

Table 2: Treatment characteristics

Treatments Age (years) P-value

≤ 40 n (%) > 40

Adjuvant Anthracycline 210 (87.9) 330 (65.6) < 0.0001
Surgery

• Mastectomy 148 (51.4) 367 (63.5) 0.0006
• Breast conservation 140 (48.6) 211 (36.5)

Adjuvant radiotherapy 245 (85.1) 470 (81.2) 0.1554
Adjuvant hormonal therapy 146 (58.4) 434 (81.4) < 0.0001
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The present findings support previous reports showing
that women diagnosed with breast cancer at younger age
have a poorer prognosis compared with their older coun-
terparts [8,18,26-28]. The extensive heterogeneity of
breast cancer complicates the precise assessment of tumor
aggressiveness which makes therapeutic decisions difficult
and treatment impropriate in some cases [28]. Therefore,
it is very important to understand the interactions
between the genetic complexity and the environmental
factors which modulate the onset and progression of
breast cancer in young women which may help in design-
ing a personalized treatment for this patient population.
For example, it has been demonstrated that about 15–
30% of western breast cancer women aged less than 35
years are likely to have germ-line BRCA1 or BRCA2 muta-
tions [29,30]. Similar results were reported for BRCA1 and

BRCA2 mutations in Korean women with breast cancer at
a young age (< 40 years) [31] and also for BRCA1 muta-
tions in a series of Singaporean Chinese women with early
onset (cut-off of 40 years) [32]. Study on BRCA1 and
BRCA2 mutations in Saudi women older than 40 years
with breast cancer concluded that mutations in these
genes are likely to contribute to the pathogenesis of famil-
ial breast cancer in the Kingdom of Saudi Arabia [33]. A
recent interesting tissue microarray study by Eerola et al
[34]demonstrated that tumors of BRCA1 and BRCA2 pos-
itive-mutations aged 50 years or more (postmenopausal)
differed significantly from those of younger age group
(premenopausal) with similar mutations. This difference
may reflect diverse biological behavior and pathways of
tumor development among the older and the younger
BRCA1 and BRCA2 patients, with impact also on progno-

Kaplan-Meier survival analysis of patients with positive axillary lymph nodes and effects on survival stratified by age groups ≤ 40 years, and above 40 yearsFigure 2
Kaplan-Meier survival analysis of patients with positive axillary lymph nodes and effects on survival stratified by age groups ≤ 40 
years, and above 40 years. Patients with positive axillary lymph nodes and young age have worst survival. (P = 0.030).
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sis and survival. Overall, there is an emerging picture indi-
cating that breast cancer risk in BRCA1 and BRCA2
positive women are substantially higher than in the gen-
eral population and the genes are considerably affected by
non-genetic, environmental factors and by additional
genetic modifiers [35]. In the light of the high incidence
of breast cancer in young Saudi women [2], mutation
study of these genes and gene-expression profile, which is
a more powerful predictor of the outcome of disease in
young patients with breast cancer [36], are extremely war-
ranted.

Conclusion
In conclusion, we show that operable Saudi young breast
cancer patients (≤ 40 years old) have a worse prognosis
than older patients. Increasing tumor size, late stage, pos-
itive lymph nodes, young age at diagnosis, and hormonal
receptor status were independent prognostic indicator for
survival. Indeed younger patients have a poorer disease
free survival. The underlying biology of breast cancer
among patients needs to be elucidated.

List of abbreviations
KSA = Kingdom of Saudi Arabia, KFSH&RC = King Faisal
Specialist Hospital & Research Centre, SEER = Surveil-
lance, Epidemiology and End Results; SBR = Scarff-
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PR = progesterone receptor; DFS = disease-free survival.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
NE contributed to the database, data collection, analysis,
writing and editing of the manuscript. SD helped draft,
edit and revised the manuscript. DA selected cases and
contributed to the database; AT carried out the pathologi-
cal diagnosis; TT selected cases, reviewed medical records,
and writing and editing of the manuscript. AA, AZ, OA,
MA and AE conceived of the study and participated in its
coordination. All authors read and approved the final
manuscript.

Acknowledgements
We are very grateful to the administration of the Research Centre and the 
Research Advisory Council (RAC) for their support. We would like to 
thank Ayodele Alaiya for critical review of the manuscript.

References
1. Tarone RE: Breast cancer trends among young women in the

United States.  Epidemiology (Cambridge, Mass) 2006,
17(5):588-590.

2. Registry NC: Cancer Incidence Report Saudi Arabia 2002.  Riy-
adh 2007.

Table 4: Multivariate analysis for predictors of DFS based on the Cox proportional hazards regression model

Variables HR 95% CI P-value Overall P-value

Age
≤ 40 1.51 1.03 – 2.23 0.0352
> 40 1 – –

Node Status < 0.0001
Positive 2.24 1.53 – 3.29
Negative 1 –

Tumor Size 0.0170
≤ 2 1 – -

3 – 5 1.28 0.85 – 1.92 0.2440
> 5 2.23 1.20 – 4.36 0.0118

Stage 0.0002
I 0.55 0.35 – 0.86 0.0093
II 0.44 0.22 – 0.87 0.0195
III 1 -- -

Grade 0.0078
I 1 -- --
II 0.95 0.55 – 1.64 0.8550
III 1.21 0.69 – 2.13 0.4978

Lymph-Vascular Invasion
Both Positive 1.11 0.78 – 1.58 0.5708
Both Negative 1 -- --

Hormonal Receptor Status 0.0027
ER+ PR+ 1 -- --
ER- PR- 1.21 0.79 – 1.83 0.3786
ER+ PR- 1.17 0.60 – 2.29 0.6390
ER- PR+ 1.79 1.11 – 2.89 0.0179
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16804474


BMC Cancer 2007, 7:222 http://www.biomedcentral.com/1471-2407/7/222
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

3. Zabicki K, Colbert JA, Dominguez FJ, Gadd MA, Hughes KS, Jones JL,
Specht MC, Michaelson JS, Smith BL: Breast cancer diagnosis in
women < or = 40 versus 50 to 60 years: increasing size and
stage disparity compared with older women over time.  Ann
Surg Oncol 2006, 13(8):1072-1077.

4. Bollet MA, Sigal-Zafrani B, Mazeau V, Savignoni A, de la Rochefordiere
A, Vincent-Salomon A, Salmon R, Campana F, Kirova YM, Dendale R,
et al.: Age remains the first prognostic factor for loco-regional
breast cancer recurrence in young (<40 years) women
treated with breast conserving surgery first.  Radiother Oncol
2007, 82(3):272-280.

5. Aryandono T, Harijadi , Soeripto : Breast cancer in young
women: prognostic factors and clinicopathological features.
Asian Pac J Cancer Prev 2006, 7(3):451-454.

6. Jayasinghe UW, Taylor R, Boyages J: Is age at diagnosis an inde-
pendent prognostic factor for survival following breast can-
cer?  ANZ journal of surgery 2005, 75(9):762-767.

7. Foo CS, Su D, Chong CK, Chng HC, Tay KH, Low SC, Tan SM:
Breast cancer in young Asian women: study on survival.  ANZ
journal of surgery 2005, 75(7):566-572.

8. Han W, Kim SW, Park IA, Kang D, Kim SW, Youn YK, Oh SK, Choe
KJ, Noh DY: Young age: an independent risk factor for dis-
ease-free survival in women with operable breast cancer.
BMC cancer 2004, 4:82.

9. Colleoni M, Rotmensz N, Robertson C, Orlando L, Viale G, Renne G,
Luini A, Veronesi P, Intra M, Orecchia R, et al.: Very young women
(<35 years) with operable breast cancer: features of disease
at presentation.  Ann Oncol 2002, 13(2):273-279.

10. Khanfir A, Frikha M, Kallel F, Meziou M, Trabelsi K, Boudawara T, Mnif
J, Daoud J: [Breast cancer in young women in the south of
Tunisia].  Cancer Radiother 2006, 10(8):565-571.

11. Henderson IC, Patek AJ: Are breast cancers in young women
qualitatively distinct?  Lancet 1997, 349(9064):1488-1489.

12. Anderson BO, Senie RT, Vetto JT, Wong GY, McCormick B, Borgen
PI: Improved survival in young women with breast cancer.
Ann Surg Oncol 1995, 2(5):407-415.

13. Muscolino G, Villani C, Bedini AV, Luini A, Salvadori B: Young age is
not an ominous prognostic factor in breast cancer patients.
Tumori 1987, 73(3):233-235.

14. Rapiti E, Fioretta G, Verkooijen HM, Vlastos G, Schafer P, Sappino AP,
Kurtz J, Neyroud-Caspar I, Bouchardy C: Survival of young and
older breast cancer patients in Geneva from 1990 to 2001.
Eur J Cancer 2005, 41(10):1446-1452.

15. Chia KS, Du WB, Sankaranarayanan R, Sankila R, Wang H, Lee J, Seow
A, Lee HP: Do younger female breast cancer patients have a
poorer prognosis? Results from a population-based survival
analysis.  International journal of cancer 2004, 108(5):761-765.

16. Nixon AJ, Neuberg D, Hayes DF, Gelman R, Connolly JL, Schnitt S,
Abner A, Recht A, Vicini F, Harris JR: Relationship of patient age
to pathologic features of the tumor and prognosis for
patients with stage I or II breast cancer.  J Clin Oncol 1994,
12(5):888-894.

17. Agrup M, Stal O, Olsen K, Wingren S: C-erbB-2 overexpression
and survival in early onset breast cancer.  Breast cancer research
and treatment 2000, 63(1):23-29.

18. Albain KS, Allred DC, Clark GM: Breast cancer outcome and
predictors of outcome: are there age differentials?  Journal of
the National Cancer Institute 1994:35-42.

19. Walker RA, Lees E, Webb MB, Dearing SJ: Breast carcinomas
occurring in young women (< 35 years) are different.  Br J Can-
cer 1996, 74(11):1796-1800.

20. Adami HO, Malker B, Rutqvist LE, Persson I, Ries L: Temporal
trends in breast cancer survival in Sweden: significant
improvement in 20 years.  J Natl Cancer Inst 1986, 76(4):653-659.

21. Winchester DP, Osteen RT, Menck HR: The National Cancer
Data Base report on breast carcinoma characteristics and
outcome in relation to age.  Cancer 1996, 78(8):1838-1843.

22. American-Joint-Committee-on-Cancer: AJCC Cancer Staging
Manual.  5th edition. Philadelphia, PA: Lippincott-Raven;
1997:171-180. 

23. Kaplan E, Meier P: Non parametric estimation for incomplete
observation.  J Am Stat Assoc 1958, 53:550-556.

24. Cox D: Regression models and life tables.  J R Stat Soc 1972,
34:187-220.

25. Gajdos C, Tartter PI, Bleiweiss IJ, Bodian C, Brower ST: Stage 0 to
stage III breast cancer in young women.  J Am Coll Surg 2000,
190(5):523-529.

26. de la Rochefordiere A, Asselain B, Campana F, Scholl SM, Fenton J,
Vilcoq JR, Durand JC, Pouillart P, Magdelenat H, Fourquet A: Age as
prognostic factor in premenopausal breast carcinoma.  Lancet
1993, 341(8852):1039-1043.

27. Fowble BL, Schultz DJ, Overmoyer B, Solin LJ, Fox K, Jardines L, Orel
S, Glick JH: The influence of young age on outcome in early
stage breast cancer.  International journal of radiation oncology, biol-
ogy, physics 1994, 30(1):23-33.

28. Xiong Q, Valero V, Kau V, Kau SW, Taylor S, Smith TL, Buzdar AU,
Hortobagyi GN, Theriault RL: Female patients with breast car-
cinoma age 30 years and younger have a poor prognosis: the
M.D. Anderson Cancer Center experience.  Cancer 2001,
92(10):2523-2528.

29. Robson M, Gilewski T, Haas B, Levin D, Borgen P, Rajan P, Hirschaut
Y, Pressman P, Rosen PP, Lesser ML, et al.: BRCA-associated
breast cancer in young women.  J Clin Oncol 1998,
16(5):1642-1649.

30. Peto J, Collins N, Barfoot R, Seal S, Warren W, Rahman N, Easton
DF, Evans C, Deacon J, Stratton MR: Prevalence of BRCA1 and
BRCA2 gene mutations in patients with early-onset breast
cancer.  J Natl Cancer Inst 1999, 91(11):943-949.

31. Choi DH, Lee MH, Bale AE, Carter D, Haffty BG: Incidence of
BRCA1 and BRCA2 mutations in young Korean breast can-
cer patients.  J Clin Oncol 2004, 22(9):1638-1645.

32. Sng JH, Chang J, Feroze F, Rahman N, Tan W, Lim S, Lehnert M, van
der Pool S, Wong J: The prevalence of BRCA1 mutations in
Chinese patients with early onset breast cancer and affected
relatives.  Br J Cancer 2000, 82(3):538-542.

33. El-Harith el HA, Abdel-Hadi MS, Steinmann D, Dork T: BRCA1 and
BRCA2 mutations in breast cancer patients from Saudi Ara-
bia.  Saudi Med J 2002, 23(6):700-704.

34. Eerola H, Heikkila P, Tamminen A, Aittomaki K, Blomqvist C, Nevan-
linna H: Relationship of patients' age to histopathological fea-
tures of breast tumours in BRCA1 and BRCA2 and
mutation-negative breast cancer families.  Breast Cancer Res
2005, 7(4):R465-469.

35. Levy-Lahad E, Friedman E: Cancer risks among BRCA1 and
BRCA2 mutation carriers.  Br J Cancer 2007, 96(1):11-15.

36. van de Vijver MJ, He YD, van't Veer LJ, Dai H, Hart AA, Voskuil DW,
Schreiber GJ, Peterse JL, Roberts C, Marton MJ, et al.: A gene-
expression signature as a predictor of survival in breast can-
cer.  The New England journal of medicine 2002, 347(25):1999-2009.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/7/222/pre
pub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16865599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16865599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16865599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17287037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17287037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17287037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17059343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17059343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16173989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16173989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16173989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15972049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15972049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15546499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15546499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17140835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17140835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9167452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9167452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7496835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3603718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3603718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15919199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15919199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8164038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7999467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7999467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8956795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8956795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3457203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3457203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3457203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8859200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8859200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8859200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10801018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10801018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8096955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8096955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8083119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8083119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11745185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11745185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11745185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9586873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9586873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10359546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10359546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10359546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15117986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15117986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15117986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10682662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10682662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10682662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12070551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12070551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12070551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15987451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15987451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15987451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17213823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17213823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12490681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12490681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12490681
http://www.biomedcentral.com/1471-2407/7/222/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Statistical analysis

	Results
	Discussion
	Conclusion
	List of abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

