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Chapter 1
General introduction



 |
  
Ge
ne
ra
l 
in
tr
od
uc
ti
on

9

General introduction
In 2012, over 14,000 new cases of breast cancer were diagnosed in the Nether-
lands, and the yearly incidence is still rising 1. The lifetime risk of being diagnosed 
with breast cancer ranges between 10% and 12%. Consequently, breast cancer 
is the most frequently diagnosed malignancy in our country. Of all women diag-
nosed with breast cancer 5% only are younger than 40 years of age 1.

The current standard of treatment in early stage breast cancer is breast-con-
serving surgery followed by radiotherapy (breast-conserving therapy – BCT). BCT 
is considered an alternative to mastectomy; both treatments have equivalent 
long-term overall survival rates 2, 3. Depending on age and tumour characteristics, 
other treatments can be recommended, such as chemotherapy, endocrine treat-
ment, targeted agents and regional radiotherapy. Prognosis is generally good, 
especially for patients with early stage tumours, with 5-year survival rates of 
stage I-II of more than 92% 1. However, despite recent advances in breast cancer 
survival in general, survival rates for younger women are still worse than those 
for older women with breast cancer, independent of stage 4, 5. Although adverse 
prognostic factors, like negative oestrogen receptor, poor histologic differenti-
ation (grade 3) and over-expression of the human epidermal growth receptor 
(HER)-2 oncogene, are seen more frequently in younger patients 6, 7, young age 
itself is an independent unfavourable prognostic factor, both after BCT and mas-
tectomy 5, 8-10. This is a continuous linear effect, with a 4% decrease in recurrence 
(local or distant) for every additional year of age in women aged from 23 to 55 
years at diagnosis 11.

Several studies, including randomized controlled trials, have been conducted 
comparing BCT and mastectomy. Although these studies showed equivalent 
survival, local control seemed to be worse after BCT in all age groups 12. A 
number of studies suggested that local recurrence is associated with an in-
creased risk of developing distant metastases and may be a source of distant 
spread by itself 13-18. Indeed, this might lead into decreased overall survival. 
According to the Early Breast Cancer Trialists’ Collaborative Group meta-anal-
ysis, which included 10,801 women, if 4 local recurrences are avoided by year 
10, this results in the avoidance of 1 breast cancer-related death by year 15 19. 
Since local treatment options for young women diagnosed with invasive breast 
cancer are essentially the same as those for older women, the following ques-
tion arises: is BCT a safe alternative for early stage breast cancer treatment in 
young women, taking into account that young age itself is an independent risk 
factor for locoregional recurrence 4, 5, 8-10, 19, 20?

Radiotherapy is considered an integral part of BCT in patients with invasive 
breast cancer, since both local control and disease-specific survival were improved 
significantly by combining breast-conserving surgery with radiotherapy 12, 21. In 
these studies, post-operative radiotherapy consisted of 50 Gy to the whole ipsilat-
eral breast. Subsequently, it was shown that whole breast irradiation followed by 
a boost to the surgical bed (16 Gy) was superior to whole breast irradiation alone 
with regard to local control 20, 22. The absolute risk reduction of local recurrence 
resulting from adding the boost was the largest in young women (≤ 40 years), 
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for whom the risk decreased from 36.0% to 24.4% in 20 years 20. This led to the 
general application – as part of BCT – of whole breast irradiation combined with 
a boost to the surgical bed. As standard practice, the boost dose was given after 
whole breast irradiation, typically in a sequence of 25 times 2 Gy whole breast 
followed by a 16 or 20 Gy boost.

Since 2005, most patients referred to our department for BCT were irradiated 
with three-dimensional conformal radiotherapy with a simultaneous integrated 
photon boost (3D-CRT-SIB). The technique and fractionation schedule have been 
described in more detail by van der Laan et al. 23. For the 3D-CRT-SIB technique 
we used a daily fraction dose to the boost area of 2.3 or 2.4 Gy in case of focal 
positive surgical margins. The fractionation schedules were considered iso-ef-
fective for tumour control compared to the sequential boost technique using an 
alpha/beta ratio of 10. However, the higher dose per fraction could lead to an in-
creased risk of late radiation-induced toxicity, such as fibrosis and subsequent im-
paired cosmetic outcome. Furthermore, with the currently recommended alpha/
beta ratio for tumour control of 4.6 24, the hypofractionated regimen as used at 
our department could result in a therapeutic advantage compared to the sequen-
tial boost technique. A reduction in the number of local recurrences after breast 
irradiation with the 3D-CRT-SIB technique might reduce distant metastases and 
improve overall long-term outcome.

Compared with the sequential boost technique, 3D-CRT-SIB provided increased 
dose homogeneity, with less unintended excessive dose outside the boost area, 
in combination with a higher dose per fraction to the surgical bed, resulting in 
a shorter overall treatment time. Furthermore, in 3D-CRT-SIB, computed tomo- 
graphy (CT) was used for planning, which may improve the identification of the 
exact location and volume of the surgical bed. Therefore, the option of further 
optimising dose homogeneity and dose conformity with more accurate informa-
tion on the dose distribution could also decrease acute and late radiation-induced 
toxicity. Previously, no data were available on late radiation-induced toxicity after 
3D-CRT-SIB more than 6 months after completion of radiation therapy. Since 
2008, we have prospectively collected long-term follow-up data of patients treat-
ed with 3D-CRT-SIB, including data on toxicity and quality of life. 

Improved survival due to early detection and better treatment options has re-
sulted in more breast cancer survivors, for whom treatment-related toxicity and 
health-related quality of life (HRQoL) play an important role. Furthermore, the 
number of breast cancer patients treated with multi-modality treatment is in-
creasing, which could result in more treatment-related side-effects and ultimately 
in more patients suffering from transient, persisting or even progressive late 
side effects 25. HRQoL as experienced by patients is impacted not only by treat-
ment-related side effects, but also by being diagnosed with cancer. Various other 
patient, tumour and treatment-related factors can influence HRQoL outcomes, 
such as the presence of co-morbidities 26, 27, social support 26, 28, pathological 
lymph node involvement 27, and adjuvant chemotherapy 26, 27. In several studies 
on HRQoL in breast cancer patients, young age was associated with poor HRQoL 
and distress after treatment 28-32. In addition, in the general non-cancer popula-

tion, HRQoL also depends primarily on age 33-35, reflecting the normal process of 
aging 34. This normal process of aging may affect the process of adjustment to 
cancer over time 36. These findings suggest that age is an important factor related 
to HRQoL. 

A number of studies have evaluated HRQoL after treatment for early stage 
breast cancer 26, 37. In general, HRQoL scores were high, representing good overall 
quality of life. However, it remains unclear whether young women treated with 
current standard therapy for breast cancer, such as 3D-CRT-SIB, are more at risk 
for decreased HRQoL than older women, corrected for other predictors of HRQoL.

In summary, although breast cancer at a young age is a relatively rare event, 
young women diagnosed with breast cancer still encounter several issues. First, 
they have to choose between a mastectomy or BCT, with a potentially higher risk 
of worse local recurrent disease. Second, most young women receive multi-mo-
dality treatment: the combination of surgery, modern radiotherapy techniques 
and toxic adjuvant therapy, which may lead to increased normal tissue compli-
cations and which could result in impaired quality of life after therapy. To help 
young breast cancer patients make treatment choices, it is important to obtain 
more knowledge on the effect of breast cancer treatment, in particular regarding 
tumour control and toxicity.

Outline of the thesis
The overall purpose of this thesis was to determine the value of breast-conserving 
therapy in young women with early stage breast cancer with regard to clinical 
outcomes, treatment-related toxicities and quality of life.

Chapter 2 reports on a population-based cancer-registry study in 1,453 young 
patients (below 40 years of age) considered ideal for BCT, with small tumours and 
few involved lymph nodes. In multivariate modelling, the effect of local treatment 
(BCT versus mastectomy) on overall survival was analysed in these young, early 
stage breast cancer patients.

Chapter 3 presents an investigation of the impact of locoregional recurrence on 
disease progression after both BCT and mastectomy in a cohort of young breast 
cancer patients from the northern region of the Netherlands (n = 543), corrected 
for several potential confounding factors. By means of the illness-death model 38, 
a multi-state model with three outcomes (no recurrence, locoregional recurrence 
and distant metastases or death), it was possible to study the effect of local treat-
ment on the event outcomes in a single statistical model.

The first results in patients (n = 752) treated with 3D-CRT-SIB from 2005 to 2008 
were collected retrospectively. The clinical outcomes, including 3-year figures, are 
presented in Chapter 4. We investigated especially the influence of young age 
(≤ 50 years) on treatment outcome. In Chapter 5, the updated 5-year clinical 
outcomes are presented. Subsequently, the physician-rated toxicity and cosmetic 
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outcome after 3D-CRT-SIB was evaluated (Chapter 6). This was done in a co-
hort of prospectively collected data in 940 patients treated with 3D-CRT-SIB. In 
addition, we aimed to identify prognostic factors for treatment-related toxicity 
and cosmetic outcome, with a specific focus on the impact of age on the risk of 
developing toxicity.

Chapter 7 presents a prospective study on HRQoL that was performed in 1,420 
breast cancer patients with longitudinal data analysis (generalized linear mixed 
modelling). The primary objective was to compare changes over time in various 
domains of HRQoL in breast-conserved breast cancer patients between younger 
(≤ 50 years) and older survivors, adjusted for confounding factors. Our second-
ary objective was to compare HRQoL in the younger patient cohort to the general 
population. This comparison allowed differentiation between the normal process 
of aging and the impact of young age on HRQoL in breast cancer patients.
The findings of this thesis are summarized and discussed in Chapter 8.

References
1.  Netherlands Cancer Registry.
 http://www.cijfersoverkanker.nl/selecties/Dataset_1/img53f209789b792 and
 http://www.cijfersoverkanker.nl/selecties/dataset_2/img53f20a4a644c1, accessed 18.
 August 2014.

2.  Veronesi U, Cascinelli N, Mariani L et al. Twenty-year follow-up of a randomized study  
 comparing breast-conserving surgery with radical mastectomy for early breast cancer.  
 N Engl J Med 2002; 347: 1227-1232. 

3.  van Dongen JA, Voogd AC, Fentiman IS et al. Long-term results of a randomized trial  
 comparing breast-conserving therapy with mastectomy: European Organization for  
 Research and Treatment of Cancer 10801 trial. J Natl Cancer Inst 2000; 92: 1143- 
 1150. 

4.  Voogd AC, Nielsen M, Peterse JL et al. Differences in risk factors for local and distant  
 recurrence after breast-conserving therapy or mastectomy for stage I and II breast  
 cancer: pooled results of two large European randomized trials. J Clin Oncol 2001; 19:  
 1688-1697. 

5.  Elkhuizen PH, van d,V, Hermans J et al. Local recurrence after breast-conserving ther 
 apy for invasive breast cancer: high incidence in young patients and association with  
 poor survival. Int J Radiat Oncol Biol Phys 1998; 40: 859-867. 

6.  Choi DH, Kim S, Rimm DL et al. Immunohistochemical biomarkers in patients with ear 
 ly-onset breast carcinoma by tissue microarray. Cancer J 2005; 11: 404-411. 

7.  Anders CK, Hsu DS, Broadwater G et al. Young age at diagnosis correlates with worse  
	 prognosis	and	defines	a	subset	of	breast	cancers	with	shared	patterns	of	gene	expres-
 sion. J Clin Oncol 2008; 26: 3324-3330. 

8.  Zhou P, Recht A. Young age and outcome for women with early-stage invasive breast  
 carcinoma. Cancer 2004; 101: 1264-1274. 

9.  de Bock GH, van der Hage JA, Putter H et al. Isolated loco-regional recurrence of breast  
 cancer is more common in young patients and following breast-conserving therapy: long- 
 term results of European Organisation for Research and Treatment of Cancer studies.  
 Eur J Cancer 2006; 42: 351-356. 

10. Jobsen JJ, van der PJ, Meerwaldt JH. The impact of age on local control in women with  
 pT1 breast cancer treated with conservative surgery and radiation therapy. Eur J Cancer  
 2001; 37: 1820-1827. 

11. de la Rochefordiere A, Asselain B, Campana F et al. Age as prognostic factor in premeno 
 pausal breast carcinoma. Lancet 1993; 341: 1039-1043. 

12.	Clarke	M,	Collins	R,	Darby	S	et	al.	Effects	of	radiotherapy	and	of	differences	in	the	extent	 
 of surgery for early breast cancer on local recurrence and 15-year survival: an overview  
 of the randomised trials. Lancet 2005; 366: 2087-2106. 

13. de Bock GH, Putter H, Bonnema J et al. The impact of loco-regional recurrences on meta 
 static progression in early-stage breast cancer: a multistate model. Breast Cancer Res  
 Treat 2009; 117: 401-408. 

14. Vicini FA, Kestin L, Huang R, Martinez A. Does local recurrence affect the rate of dis- 
 tant metastases and survival in patients with early-stage breast carcinoma treated with  
 breast-conserving therapy? Cancer 2003; 97: 910-919. 

15. Vicini FA, Goldstein NS, Wallace M, Kestin L. Molecular evidence demonstrating local  
 treatment failure is the source of distant metastases in some patients treated for breast  
 cancer. Int J Radiat Oncol Biol Phys 2008; 71: 689-694. 

16. Harris EE, Hwang WT, Seyednejad F, Solin LJ. Prognosis after regional lymph node recur- 
 rence in patients with stage I-II breast carcinoma treated with breast conservation ther 
 apy. Cancer 2003; 98: 2144-2151. 

17. Anderson SJ, Wapnir I, Dignam JJ et al. Prognosis after ipsilateral breast tumor recur- 
 rence and locoregional recurrences in patients treated by breast-conserving therapy in  
	 five	 national	 surgical	 adjuvant	 breast	 and	 bowel	 project	 protocols	 of	 node-negative	 
 breast cancer. J Clin Oncol 2009; 27: 2466-2473. 

18. Botteri E, Bagnardi V, Rotmensz N et al. Analysis of local and regional recurrences in  
 breast cancer after conservative surgery. Ann Oncol 2010; 21: 723-728. 

19. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), Darby S, McGale P et al.  
 Effect of radiotherapy after breast-conserving surgery on 10-year recurrence and 15- 
 year breast cancer death: meta-analysis of individual patient data for 10,801 women in  
 17 randomised trials. Lancet 2011; 378: 1707-1716. 

20. Bartelink H, Maingon P, Poortmans PM et al. Whole-breast irradiation with or without a  
 boost for patients treated with breast-conserving surgery for early breast cancer: 20- 
 year follow-up of a randomised phase 3 trial. Lancet Oncol 2015; 16:47-56.

21. Fisher B, Anderson S, Bryant J et al. Twenty-year follow-up of a randomized trial com 
 paring total mastectomy, lumpectomy, and lumpectomy plus irradiation for the treat- 
 ment of invasive breast cancer. N Engl J Med 2002; 347: 1233-1241. 

22. Bartelink H, Horiot JC, Poortmans P et al. Recurrence rates after treatment of breast  
 cancer with standard radiotherapy with or without additional radiation. N Engl J Med  
 2001; 345: 1378-1387. 

23. van der Laan HP, Dolsma WV, Maduro JH et al. Three-dimensional conformal simultane- 
 ously integrated boost technique for breast-conserving radiotherapy. Int J Radiat Oncol  
 Biol Phys 2007; 68: 1018-1023. 

24. START Trialists’ Group, Bentzen SM, Agrawal RK et al. The UK Standardisation of Breast  
 Radiotherapy (START) Trial A of radiotherapy hypofractionation for treatment of early  
 breast cancer: a randomised trial. Lancet Oncol 2008; 9: 331-341. 

25. Peuckmann V, Ekholm O, Sjogren P et al. Health care utilisation and characteristics of  
 long-term breast cancer survivors: nationwide survey in Denmark. Eur J Cancer 2009;  
 45: 625-633. 




