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	Background	 Breast cancer at a young age is associated with poor prognosis. The Prospective Study of Outcomes in Sporadic 
and Hereditary Breast Cancer (POSH) was designed to investigate factors affecting prognosis in this patient group.

	 Methods	 Between 2000 and 2008, 2956 patients aged 40�years or younger were recruited to a UK multicenter prospective 
observational cohort study (POSH). Details of tumor pathology, disease stage, treatment received, and outcome 
were recorded. Overall survival (OS) and distant disease-free interval (DDFI) were assessed using Kaplan-Meier 
curves. All statistical tests were two-sided.

	 Results	 Median age of patients was 36�years. Median tumor diameter was 22 mm, and 50% of patients had positive 
lymph nodes; 59% of tumors were grade 3, 33.7% were estrogen receptor (ER) negative, and 24% were human 
epidermal growth factor receptor 2 (HER2) positive. Five-year OS was higher for patients with ER-positive than 
ER-negative tumors (85.0%, 95% confidence interval [CI]�=�83.2% to 86.7% vs 75.7%, 95% CI�=�72.8% to 78.4%; 
P < .001), but by eight years, survival was almost equal. The eight-year OS of patients with ER-positive tumors 
was similar to that of patients with ER-negative tumors in both HER2-positive and HER2-negative subgroups. 
The flexible parametric survival model for OS shows that the risk of death increases steadily over time for 
patients with ER-positive tumors in contrast to patients with ER-negative tumors, where risk of death peaked at 
two years.

	Conclusions	 These results confirm the increased frequency of ER-negative tumors and early relapse in young patients and 
also demonstrate the equally poor longer-term outlook of young patients who have ER-positive tumors with 
HER2-negative or -positive disease.

		  J Natl Cancer Inst;2013;105:978�988 

Breast cancer remains the most common cancer in females in the 
United Kingdom (1). Approximately 4% of cases occur in women 
younger than 40�years of age (1). Young age at diagnosis is associated 
with an increased risk of recurrence and inferior survival compared 
to older patients (2�12). The exact reasons for this remain unclear.

Numerous publications describe an increased incidence of adverse 
biological features in tumors from young breast cancer patients. 
These include high grade (3,5,9,13�15), vascular invasion (5,14,15), 
lymph node involvement (3,7,9,13,16), absence of hormone recep-
tors (3�5,7,9,14,15), and increased frequency of human epidermal 
growth factor receptor 2 (HER2) overexpression (15�18). It is 
controversial whether these adverse features fully explain the poor 
outcome of young breast cancer patients. The St Gallen 1998 con-
sensus identified diagnosis at age 35�years or younger as a very poor 
prognostic factor and recommended use of adjuvant chemotherapy 

regardless of other tumor features, although no evidence was given 
to support this threshold (19). Evidence that age is an independent 
marker of poor prognosis remains limited (5,9,20�22).

An underlying genetic predisposition to breast cancer is 
characterized by young age of disease onset, yet even at a very 
young age of diagnosis most individuals do not have an identifiable 
mutation in a known breast cancer predisposition gene (23,24). The 
primary aim of the Prospective Study of Outcomes in Sporadic 
and Hereditary Breast Cancer (POSH) is to determine whether 
the prognosis of patients with breast cancer is altered by inherited 
genetic factors. In this initial publication, we use Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines to report presenting characteristics, pathology, 
treatment, and survival of this large cohort of patients with young-
onset breast cancer (25).
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Characteristic

ER negative  
(n�=�997) (33.7%)

ER positive*  
(n�=�1947) (65.9%)

Total�  
(N�=�2956) (100%)

P �No. of patients No. of patients No. of patients

N stage (excluding neoadjuvant patients¶)
N0 456 (56.0%) 753(45.0%) 1213 (48.6%) <.001
N1 348 (42.7%) 903 (54.0%) 1252 (50.2%)

1�3 220 (63.2%) 597 (66.1%) 817 (65.3%)
4�9 78 (22.4%) 200 (22.2%) 279 (22.3%)
�10 49 (14.1%) 106 (11.7%) 155 (12.4%)
Missing/unknown 1 (0.3%) 0 (0) 1 (0.1%)

Missing/unknown 11 (1.4%) 17 (1.0%) 31 (1.2%)

Median (range, IQR) or  
No. of patients

Median (range, IQR) or  
No. of patients

Median (range, IQR) or  
No. of patients P#

Maximum diameter invasive tumor, mm 
(all patients) 
Missing/unknown

22 (1 to 199,15 to 31)
912 (91.5%)
85 (8.5%)

22 (0 to 170,15 to 35)
1840 (94.5%)

107 (5.5%)

22 (0 to 199,15 to 33)
2763 (93.5%)
193 (6.5%)

.156

Maximum diameter invasive¶ tumor, mm 
(exc neoadjuvant) 
Missing/unknown

22 (1.5 to 199, 15 to 30) 22 (1 to 150, 16 to 33) 22 (1 to 199, 15 to 32) .206
796 (79.8%) 1643 (84.4%) 2446 (82.8%)

19 (2.3%) 30 (1.8%) 50 (2.0%)
Maximum tumor diameter**, mm  

(all patients) 
Missing/unknown

26 (0.6 to 199, 18 to 37) 27 (0 to 190, 19 to 42) 27 (0 to 199,18 to 40) .005
928 (93.1%) 1856 (95.3%) 2795 (94.6%)
69 (6.9%) 91 (4.7%) 161 (5.5%)

Maximum tumor diameter**¶, mm  
(exc neoadjuvant patients) 
Missing/unknown

26 (3 to 199, 18 to 35), 27 (1 to 190, 19 to 41) 26 (1 to 199, 19 to 40) .006
801 (80.3%) 1653 (84.9%) 2461 (83.3%)
14 (1.7%) 20 (1.2%) 35 (1.4%)

No. of axillary lymph nodes recovered  
(all patients)  
Missing/unknown

13 (0 to 46, 8 to 18)
981 (98.4%)

16 (1.6%)

12 (0 to 53, 7 to 17)
1920 (98.6%)

27 (1.4%)

12 (0 to 53, 8 to 17)
2910 (98.4%)

46 (1.6%)

.022

No. of axillary lymph nodes recovered  
(exc neoadjuvant patients)¶  
Missing/unknown

13 (0 to 46, 8 to 18)
807 (99.0%)

8 (1.0%)

12 (0 to 53, 7 to 17)
1660 (99.2%)

13 (0.8%)

12 (0 to 53, 7 to 17)
2472 (99.0%)

24 (1.0%)

.088

No. of positive axillary lymph nodes  
(all patients)  
Missing/unknown

3 (1 to 42, 1 to 6)
426 (42.7%)
22 (2.2%)

2 (1 to 50, 1 to 5)
1067 (54.8%)

34 (1.8%)

2 (1 to 50, 1 to 5)
1495 (50.6%)

59 (2.0%)

.212

No. of positive axillary lymph nodes (exc 
neoadjuvant patients)¶  
Missing/unknown

2 (1 to 42, 1 to 5)
349 (35.0%)

13 (1.3%)

2 (1 to 50, 1 to 5)
910 (46.7%)
18 (0.9%)

2 (1 to 50, 1 to 5)
1260 (42.6%)

34 (1.2%)

.708

	 *	 ER positive defined as hormone receptor level equivalent to Allred score of �3. ER�=�estrogen receptor; HER2�=�human epidermal growth factor receptor 2; 
PR�=�progesterone receptor.

	 �	 Total column includes data from the whole cohort, ie, ER positive, ER negative, and ER status unknown (12 patients).

	 �	 P values obtained from the Pearson χ2 test between ER status and each categorical variable (excluding missing/unknown data). All statistical tests were two-sided.

	 §	 Not graded as pathology from axillary node, no primary detected.

	 ||	 Includes data from tissue microarray as well as primary POSH data.

	 ¶	Total number of patients excluding neoadjuvant (n = 2496).

	 #	 P values obtained from the Mann-Whitney test between ER status and each continuous variable (excluding missing/unknown data). All statistical tests were 
two-sided.

**	Maximum tumor diameter includes ductal carcinoma in situ.

Table 2  (Continued).

81.9%, and DDFI was 76.6%. Patients with ER-positive tumors 
had an estimated five-year OS of 85.0% compared with 75.7% 
for those with ER-negative tumors (P < .001 at five years). DDFI 
at five years was 78.5% for patients with ER-positive tumors and 
72.7% for patients with ER-negative tumors (P < .001 at five 
years). At eight years, OS for the whole cohort was 67.6% and 
there was no difference in survival (67.5% vs 67.7%, P�=�.931 at 
eight years) or DDFI (68.3% vs 68.1%, P�=� .965 at eight years) 
between patients with ER-positive and ER-negative tumors. 
The flexible parametric survival model for OS (Figure�2, E and 

F; Supplementary Table�3 and Supplementary Figure�3, available 
online) shows the hazard ratio and hazard and survival rates over 
time by ER status. It graphically illustrates that the risk of death 
prior to five years is greater for patients with ER-negative tumors 
and after five years is greater for patients with ER-positive tumors. 
The result is that by eight years the survival curves converge. 
The OS model survival and hazard rate estimates closely match 
the Kaplan-Meier estimates and smoothed hazard rate, estimates 
respectively, indicating a good model fit (Figure�2D compared to 
Figure�2F; Supplementary Table�3, available online). The change 
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in hazard ratios over time by ER status is still apparent even after 
adjustment for tumor size, grade, and nodal status in a multivari-
able flexible parametric model (Supplementary Figure�3, available 
online).

Although HER2-positive compared to HER2-negative tumors 
showed lower OS and DDFI at all time points in patients with 
ER-positive tumors, the difference was only statistically signifi-
cant for DDFI at five years (five-year DDFI: 71.4% vs 78.3%, 
P�=�.00823; eight-year DDFI: 60.3% vs 66.3%, P�=�.227; five-year 
OS: 81.4% vs 84.1%, P�=� .206; eight-year OS: 57.6% vs 65.4%, 
P�=�.159) (Figure�3).

For patients with ER-negative tumors, again, HER2-positive 
compared to HER2-negative tumors were associated with worse 
DDFI and OS at all time points. The difference in DDFI was 
statistically significant at five and eight years (five-year DDFI: 

62.2% vs 73.9%, P�=�.00141; eight-year DDFI: 53.4% vs 70.7%, 
P�=�.00438) and OS was statistically significantly lower at 8�years 
(five-year OS: 70.2% vs 75.2%, P�=�.154; eight-year OS: 58.4% vs 
68.3%, P�=�.0476) (Figure�3).

Discussion
We present the first outcome analysis of a large prospective cohort 
study of young-onset breast cancer patients receiving modern 
breast cancer treatment. As anticipated, the major cause of death in 
this young trial cohort was breast cancer. The estimated five-year 
OS of our cohort (82%) is almost identical to 2005�2009 relative 
survival national statistics in 15- to 39-year-olds with breast can-
cer (83.5%). This confirms that the POSH cohort is representative 
of the wider population and that the survival of patients younger 

Table�3. Treatment details

Characteristic
ER negative  

(n�=�997) (33.7%)
ER positive  

(n�=�1947) (65.9%)
Total*  

(N�=�2956) (100%)

Definitive breast surgery, no.
Breast conserving surgery 521 (52.2%) 879 (45.1%) 1497 (50.6%)
Mastectomy 458 (45.9%) 1037 (53.3%) 1409 (47.7%)
Nodal surgery only 3 (0.3%) 6 (0.3%) 9 (0.3%)
No surgery 13 (1.3%) 25 (1.3%) 39 (1.3%)
Missing/unknown 2 (0.2%) 0 (0%) 2 (0.1%)

Chemotherapy timing, no.
Adjuvant� 772 (77.4%) 1378 (70.8%) 2152 (72.8%)
Neoadjuvant 182 (18.2%) 274 (14.1%) 460 (15.6%)
Palliative 17 (1.4%) 36 (1.8%) 54 (1.8)
Not applicable 26 (2.6%) 259 (13.3%) 290 (9.8%)
Missing/unknown 0 (0%) 0 (0%) 0 (0%)

Chemotherapy regimen, no.
Anthracycline based 690 (69.2%) 1245 (63.9%) 1938 (65.6%)
Anthracycline and taxane 264 (26.5%) 416 (21.4%) 684 (23.1%)
Taxane based 13 (1.3%) 7 (0.4%) 20 (0.7%)
Other� 4 (0.4%) 20 (1.0%) 24 (0.8%)
None 26 (2.6%) 259 (13.3) 290 (9.8%)
Missing/unknown 0 (0%) 0 (0%) 0 (0%)

Adjuvant trastuzumab, no.
Yes 129 (12.9%) 234 (12.0%) 363 (12.3%)

Other treatment period/no/
missing/unknown§

868 (87.1%) 1713 (88.0%) 2593 (87.7%)

Adjuvant radiotherapy, no.
Yes 816 (81.9%) 1536 (78.9%) 2358 (79.8%)

BCS + adjuvant RT 490 (60.1%) 844 (55.0%) 1339 (56.8%)
Mastectomy + adjuvant RT 321 (39.3%) 685 (44.6%) 1007 (42.7%)
Nodal surgery only 2 (0.3%) 3 (0.2%) 6 (0.3%)
No surgery 3 (0.4%) 4 (0.3%) 6 (0.3%)

No/missing/unknown 167 (16.8%) 367 (18.8%) 598 (20.2%)
Adjuvant hormone treatment, no.

Yes 98 (9.8%) 1790 (91.9%) 1823 (61.7%)
No/missing/unknown 899 (90.2%) 157 (8.1%) 1133 (38.3%)

Ovarian suppression (in any treatment period), no.
Medical (LHRH agonist) 122 (12.2%) 659 (33.8%) 784 (26.5%)
Irradiation 0 (0%) 11 (0.6%) 11 (0.4%)
Oophorectomy 73 (7.3%) 325 (16.7%) 398 (13.5%)

*	 Total column includes data the whole cohort, ie, ER positive, ER negative, and ER status unknown (12 patients). BCS = breast conserving surgery; ER�=�estrogen 
receptor; HER2�=�human epidermal growth factor receptor 2; LHRH = Luteinising Hormone Releasing Hormone; PR�=�progesterone receptor; RT�= radiotherapy.

�	 Excluding any treatment for M1 disease.

�	 For example, cyclophosphamide, methotrexate, and 5-fluorouracil or any regimen not containing an anthracycline or taxane.

§	 Due to the data collection methods and emerging knowledge of HER2 and guidance through the study, this is likely to be inaccurate.
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than 40�years of age at diagnosis is worse than that of patients aged 
40�69�years (five-year relative survival�=�89.1% to 90.4%) (1).

Our prospective data clearly demonstrate the influence of ER 
status over time on recurrence risk and OS in young patients. 
The estimated five-year OS of patients with ER-positive tumors 

was 9% higher than patients with ER-negative tumors; how-
ever, by eight years the survival of young breast cancer patients 
with ER-positive tumors was no better than that of patients 
with ER-negative tumors. Whereas our data indicated falling 
ER-negative hazard rates and rising ER-positive hazard ratios after 

Figure�2.  Kaplan-Meier distant relapse-free survival estimates for all patients (A) and for patients with estrogen receptor (ER)�negative and -positive 
tumors (B). Kaplan-Meier overall survival (OS) estimates for all patients (C) and patients with ER-negative and -positive tumors (D). Time-varying 
hazard OS estimates for patients with ER-negative and -positive tumors, showing the time-varying hazard rates by ER status (E) and survival rates 
by ER status (F). All statistical tests were two-sided. CI�=�confidence interval; DDFI�=�distant disease-free interval.
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