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Introduction

Breast cancer is the most common cause of cancer death in women aged 20 to 59
years [1]. Younger women with breast cancer are considered a unique group of
patients, among other reasons because data from epidemiological, retrospective
studies indicate that young women have worse clinical outcomes, increased rates of
loco-regional recurrences (LRR), and a lower overall 5-year survival [2, 3].

The fact that young women are more likely to present higher grade tumors at diagnosis
than their older counterparts is partly responsible for the poorer prognosis. Young
women are not screened as rigorously as older women, and the anatomical
characteristics of the breast tissue for that age group makes it difficult to differentiate
between normal and tumor tissue in a mammogram [4].

Intrinsic tumor characteristics also contribute to the worse prognosis in young patients.
Breast cancer in young women is considered a unique biologic and oncologic entity.
Tumors in younger patients (less than 40-45 years old) are frequently estrogen
receptor— and progesterone receptor—negative, have an increased expression of Ki-67,
human epidermal growth factor receptor-2 (HER-2/EGFR) and p53, and have greater
lymphovascular invasion [4-6].

Young women are also considered to have a higher risk of developing LRR after
breast-conserving surgery (BCS) than their older counterparts. Voogd et al [7] reported
that women younger than age 35 had a more than nine-fold (hazard ratio: 9.24) greater
risk of local recurrence after breast-conserving therapy than older women, but young
women treated with mastectomy had a similar rate of chest wall recurrence compared
with older patients.

On the other hand, recent evidence suggests that, although still higher than would be
expected for older women, the incidence of local breast tumor recurrences and failures
may be substantially lower than previously [8]. This apparent risk reduction seems to

stem from several factors, including the widespread use of systemic adjuvant therapy



(endocrine and/or cytotoxic) and loco-regional treatments (surgery and/or radiotherapy)
[4, 9].

Factors that significantly influence local control in young women treated with BCS
include the presence of positive surgical margins, a negative lymph node status and
positive family history [10, 11]. Jobsen et al [10] demonstrated that in women aged 40
years or less, the 5-year local recurrence rate was 8% in patients with negative
margins and 37% in patients with positive margins. Also, the 5-year disease-free
survival was 27% in patients with positive margins and 75% in those with negative

margins [10].

Impact of adjuvant radiotherapy in women with breast cancer

Radiotherapy has been used for over sixty years in the treatment of breast cancer.
During this time, it has been the subject of a vast number of randomized studies alone
or in combination with other cancer treatments, showing that it not only improves loco-
regional control of the breast tumor, but may also increase overall survival [12].

In the early years, the type of radiation therapy used for breast cancer consisted of low-
voltage beams (orthovoltage) that had limited penetration and were highly absorbed by
the bone compared to soft tissue. Acute skin reactions were the major dose-limiting
factor, and late effects of radiation included skin necrosis, fibrosis, atrophy, ulceration,
fractures, lymphedema or even the need for palliative mastectomy. In addition, local
control rates were dismal [12].

Nowadays, the efficacy of radiotherapy in combination with surgery (pre— or post—
surgery) for the control of subclinical disease, local control and survival, is
unquestionable, and currently it is considered critical in the management of operable
and locally advanced breast cancer [13]. In a trial from the Danish Breast Cancer
Group including 3083 patients, adjuvant radiotherapy significantly decreased the 18-

year probability of any breast cancer event from 73% in high-risk patients who did not



receive adjuvant radiotherapy to 59% in patients who received adjuvant radiotherapy.
Also, in the same order, LRR rates decreased significantly from 49% to 14%, the
probability of distant metastases after a LRR dropped from 35% to 6%, and the
probability of distant metastases reduced from 64% to 53% [14].

Veronesi et al [15] carried out a randomized trial to compare the efficacy of radical
mastectomy with that of BCS followed by adjuvant radiotherapy. Seven hundred and
one women with breast cancers smaller than 2 cm in diameter were enrolled. After a
median of 20 years of follow-up, they found that long-term survival rate among women
who underwent BCS followed by adjuvant radiotherapy was comparable to that of
women who underwent a radical mastectomy.

In early breast cancer, where variations in local treatment can considerably affect the
risk of LRR and, hence, long-term survival, adjuvant radiotherapy has also been
demonstrated to significantly reduce the rate of LRR from 26% to 7% in patients

without and with radiotherapy, respectively [16].

Impact of adjuvant radiotherapy in young women with breast cancer

To date, there are few studies on adjuvant radiotherapy conducted exclusively in young
women with breast cancer. However, this situation seems to be changing, and studies
providing meaningful data are being published with increased frequency. Garg et al
[17] analyzed retrospectively 107 consecutive cancer patients aged 35 years or less
with stage IIA to IlIC breast cancer treated with doxorubicin-based chemotherapy and
mastectomy, with or without adjuvant radiotherapy. They found that, compared with
patients who did not receive adjuvant radiotherapy, patients who did had a significantly
better 5-year loco-regional control rate (63% vs 88%, respectively) and 5-year overall
survival rate (48% vs 67%, respectively).

More recently, Beadle et al [18], conducted a retrospective study to evaluate the impact

of BCS, mastectomy alone, or mastectomy plus adjuvant radiotherapy on LRR rates in



652 patients aged 35 years or younger. After a median follow-up period of 114 months,
the 10-year actuarial LRR rates in the entire cohort were 20% for BCS, 24% for
mastectomy and 15% for mastectomy plus adjuvant radiotherapy. When divided
according to disease stage, patients with stage | disease showed no differences in LRR
rates according to the treatment strategy. However, in patients with stage Il disease,
the best loco-regional control rates were achieved with mastectomy plus adjuvant
radiotherapy.

On the other hand, the issue of whether mastectomy followed by radiotherapy is
superior to BCS followed by radiotherapy is also a matter of debate in young patients,
because of the desire to achieve the best cosmetic outcome possible without risking
clinical efficacy. In one of the largest meta-analyses to date, Clarke et al [16] evaluated
the relationship between different local treatments (radiotherapy vs no radiotherapy;
more extensive vs less extensive surgeries; and more extensive surgeries vs
radiotherapy) and overall mortality in data obtained from 42000 women involved in 78
randomized treatment comparisons. Among other results, they found that BCS followed
by radiotherapy yielded similar absolute gains in terms of 5-year LRR rates, 15-year
breast cancer mortality risk and overall mortality as mastectomy followed by
radiotherapy. Moreover, regardless of age and tumor characteristics, radiotherapy

produced similar reductions in LRR rates in all major trials [16].

Impact of boost radiotherapy in young women with breast cancer

Although studies evaluating the use of boost radiotherapy have not demonstrated a
significant correlation between its relative effect on loco-regional control and the
patient’s age, nevertheless because younger patients have an increased risk of LRR
they may obtain more benefit than their older counterparts from this additional

procedure [19-21]. However, to date no studies have demonstrated benefits from boost



radiotherapy regarding overall survival in patients with breast cancer, and adverse

events, such as severe fibrosis, may increase significantly [20].

Complications from adjuvant radiotherapy

The last decade has brought about important improvements in the simulation, planning
and delivery of radiotherapy. Acute and long-term skin, cardiac and lung toxicities have
been reduced with the use of intensity-modulated radiation therapy [12]. Although more
than 90% of women develop mild to moderate grade acute radiation dermatitis, and
moist desquamation occurs in approximately 30% of women, the incidence of arm and
breast edema has reduced to approximately 20% [12, 22]. In the long-term, fewer than
5% of women develop infection, and the cumulative incidence of myocardial infarction
and coronary artery disease has decreased to 1% and less than 3%, respectively [12].
Another potential complication that may arise from the use of radiotherapy is the
development of contralateral breast cancer and secondary tumors. Recent
retrospective trials have shown that in women less than 40 years of age who receive
more than 1.0 Grey of absorbed dose, or are irradiated with breast tangential fields, the
risk of developing contralateral breast cancer may be 1.5 to 2.5-fold [23, 24] greater
than unexposed women. No excess risk was observed in women older than 40 years of
age. This risk increases with decreasing age, specially when there is a positive family

history for breast cancer [24].

Conclusions

Evidence indicates that breast tumors in young women are a distinct biological and
genetic entity. Young women have worse clinical outcomes, increased rates of LRR,
and a lower overall 5-year survival than their older counterparts, characteristics that
warrant the use of better preventive and therapeutic options. Currently, adjuvant

radiotherapy is recommended for all women following BCT or mastectomy, because it



significantly reduces the rate of LRR and overall mortality. In addition, younger patients
with breast cancer may obtain greater benefit from the use of boost radiotherapy than
older patients. Nowadays, complications and adverse events resulting from the use of
radiotherapy have been notably reduced, although the greater risk of developing
contralateral or secondary breast cancers in younger women is still a matter of
concern. Hopefully, future randomized studies will shed light on unresolved issues

regarding the benefits of radiotherapy in young women with breast cancer.



Acknowledgements

The authors acknowledge the support of Pfizer Spain, which has facilitated the
necessary meetings to evaluate and discuss all the data presented in this review, and

Dr. Ximena Alvira from HealthCo SL (Madrid, Spain) for assistance in the preparation

of this manuscript.



References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ (2009) Cancer Statistics,
2009. CA Cancer J Clin 59:(4):225-249

2. Bharat A, Aft RL, Gao F, Margenthaler JA (2009) Patient and tumor
characteristics associated with increased mortality in young women (< or =40 years)
with breast cancer. J Surg Oncol 100:(3):248-51

3. Xiong Q, Valero V, Kau V, Kau SW, Taylor S, Smith TL, et al. (2001) Female
patients with breast carcinoma age 30 years and younger have a poor prognosis: the
M.D. Anderson Cancer Center experience. Cancer 92:(10):2523-8

4. Axelrod D, Smith J, Kornreich D, Grinstead E, Singh B, Cangiarella J, et al.
(2008) Breast cancer in young women. J Am Coll Surg 206:(6):1193-203

5. Hartley MC, McKinley BP, Rogers EA, Kalbaugh CA, Messich HS, Blackhurst
DW, et al. (2006) Differential expression of prognostic factors and effect on survival in
young (< or =40) breast cancer patients: a case-control study. Am Surg 72:(12):1189-
94 discussion 1194-5

6. Anders CK, Hsu DS, Broadwater G, Acharya CR, Foekens JA, Zhang Y, et al.
(2008) Young age at diagnosis correlates with worse prognosis and defines a subset of
breast cancers with shared patterns of gene expression. J Clin Oncol 26:(20):3324-30
7. Voogd AC, Nielsen M, Peterse JL, Blichert-Toft M, Bartelink H, Overgaard M, et
al. (2001) Differences in risk factors for local and distant recurrence after breast-
conserving therapy or mastectomy for stage | and Il breast cancer: pooled results of
two large European randomized trials. J Clin Oncol 19:(6):1688-97

8. Zhou P, Gautam S, Recht A (2007) Factors affecting outcome for young women
with early stage invasive breast cancer treated with breast-conserving therapy. Breast

Cancer Res Treat 101:(1):51-7



9. Fredriksson I, Liljegren G, Palm-Sjovall M, Arnesson LG, Emdin SO, Fornander
T, et al. (2003) Risk factors for local recurrence after breast-conserving surgery. Br J
Surg 90:(9):1093-102

10. Jobsen JJ, van der Palen J, Ong F, Meerwaldt JH (2003) The value of a
positive margin for invasive carcinoma in breast-conservative treatment in relation to
local recurrence is limited to young women only. Int J Radiat Oncol Biol Phys
57:(3):724-31

11. Jobsen JJ, van der Palen J, Meerwaldt JH (2001) The impact of age on local
control in women with pT1l breast cancer treated with conservative surgery and
radiation therapy. Eur J Cancer 37:(15):1820-7

12. Freedman GM (2008) Radiation therapy for operable breast cancer: sixty years
of progress as seen through the articles published in the journal Cancer. Cancer 113:(7
Suppl):1779-800

13. Rustogi A, Budrukkar A, Dinshaw K, Jalali R (2005) Management of locally
advanced breast cancer: evolution and current practice. J Cancer Res Ther 1:(1):21-30
14. Nielsen HM, Overgaard M, Grau C, Jensen AR, Overgaard J (2006) Study of
failure pattern among high-risk breast cancer patients with or without postmastectomy
radiotherapy in addition to adjuvant systemic therapy: long-term results from the
Danish Breast Cancer Cooperative Group DBCG 82 b and ¢ randomized studies. J Clin
Oncol 24:(15):2268-75

15.  Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A, et al. (2002)
Twenty-year follow-up of a randomized study comparing breast-conserving surgery
with radical mastectomy for early breast cancer. N Engl J Med 347:(16):1227-32

16. Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans E, et al. (2005)
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 366:(9503):2087-106

10



17. Garg AK, Oh JL, Oswald MJ, Huang E, Strom EA, Perkins GH, et al. (2007)
Effect of postmastectomy radiotherapy in patients <35 years old with stage Il-lll breast
cancer treated with doxorubicin-based neoadjuvant chemotherapy and mastectomy. Int
J Radiat Oncol Biol Phys 69:(5):1478-83

18. Beadle BM, Woodward WA, Tucker SL, Outlaw ED, Allen PK, Oh JL, et al.
(2009) Ten-year recurrence rates in young women with breast cancer by locoregional
treatment approach. Int J Radiat Oncol Biol Phys 73:(3):734-44

19. Antonini N, Jones H, Horiot JC, Poortmans P, Struikmans H, Van den Bogaert
W, et al. (2007) Effect of age and radiation dose on local control after breast
conserving treatment: EORTC trial 22881-10882. Radiother Oncol 82:(3):265-71

20. Bartelink H, Horiot JC, Poortmans PM, Struikmans H, Van den Bogaert W,
Fourquet A, et al. (2007) Impact of a higher radiation dose on local control and survival
in breast-conserving therapy of early breast cancer: 10-year results of the randomized
boost versus no boost EORTC 22881-10882 trial. J Clin Oncol 25:(22):3259-65

21. Jones HA, Antonini N, Hart AA, Peterse JL, Horiot JC, Callin F, et al. (2009)
Impact of pathological characteristics on local relapse after breast-conserving therapy:
a subgroup analysis of the EORTC boost versus no boost trial. J Clin Oncol
27:(30):4939-47

22. Back M, Guerrieri M, Wratten C, Steigler A (2004) Impact of radiation therapy
on acute toxicity in breast conservation therapy for early breast cancer. Clin Oncol (R
Coll Radiol) 16:(1):12-6

23. Stovall M, Smith SA, Langholz BM, Boice JD, Jr., Shore RE, Andersson M, et
al. (2008) Dose to the contralateral breast from radiotherapy and risk of second primary
breast cancer in the WECARE study. Int J Radiat Oncol Biol Phys 72:(4):1021-30

24. Hooning MJ, Aleman BM, Hauptmann M, Baaijens MH, Klijn JG, Noyon R, et al.
(2008) Roles of radiotherapy and chemotherapy in the development of contralateral

breast cancer. J Clin Oncol 26:(34):5561-8

11



