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Abstract

Adjuvant systemic therapy along with screening have been key to the observed improvements in 

disease-free and overall survival (DFS/OS) in breast cancer. Improvements in overall survival 

already take into account therapy related toxicities that can result in death. However, this measure 

alone does not adequately capture the impact on health-related quality of life. Therefore, it is 

important to examine the prevalence, frequency and short/long-term impact of therapy-related 

toxicities, identify patients who might be at greatest risk. Ultimately decisions regarding expected 

therapy benefits (relative and absolute percentage improvements in DFS/OS) must be made 

against a background of known potential harms. For many patients with early breast cancer 

(EBC), their risk of recurrence is not zero but is small. At the same time, for many therapies for 

early stage breast cancer, the risk of serious side effects is small but is not zero. As we better 

understand the long-term side effects of adjuvant chemotherapy and targeted therapy, it becomes 

critical to integrate our growing understanding of breast cancer biology with standard high-quality 

histopathologic measures to better identify the patients most likely to benefit from the various 

options for combined multimodality therapy. Hence, we must strive against the notion of 

recommending adjuvant systemic chemotherapy “just in case.” This article focuses on the long-

term side effects of adjuvant chemotherapy in patients with EBC.

Introduction

Breast cancer outcomes continue to improve, in great part due to the broader use of 

screening for earlier detection and of more proficient multimodality care that ultimately 

result in improved local control and in lower risk of systemic recurrence. Chemotherapy 
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remains the primary systemic adjuvant modality for most women with HER2-positive 

(combined with trastuzumab) and with triple-negative disease, while endocrine therapy is 

the core of adjuvant therapy for the two-thirds of patients with early breast cancer (EBC) 

who are diagnosed with hormone receptor-positive (ER-positive) disease. However, starting 

in the mid-1980s, evidence from large randomized trials and from large systematic reviews/

meta-analyses showed a significant relative improvement in the average risk of recurrence 

offered by chemotherapy, regardless of stage and ER status.1 Policy statements also heavily 

influenced the adoption of systemic chemotherapy for most patients with EBC. Patients in 

turn expressed their willingness to consider adjuvant chemotherapy even if the expected 

absolute survival benefit did not exceed a few percentage points.

In all meta-analyses involving taxane or anthracycline regimens, proportional reductions in 

early recurrence, any recurrence, and breast cancer mortality were largely independent of 

age, nodal status, size, differentiation, or ER status (ER-poor or ER-positive). However, a 

point often missed is that most patients in those exercises had high or intermediate grade 

tumors, and few patients had low grade tumors. Therefore, even in strongly ER-positive 

cases, chemotherapy did at least somewhat affect outcome, though not necessarily to exactly 

the same extent as in less strongly ER-positive disease.1 These nuances were missed by 

many. As a result, adjuvant chemotherapy became widely adopted for patients with ER-

positive breast cancer, including those with small, node-negative tumors.2

However, most patients with EBC, especially those diagnosed with small, stage 1 disease, 

are expected to survive their cancer diagnosis. Most will live long enough that other 

competing causes of death such as cardiovascular disease (CVD) eventually become more 

important than their prior breast cancer diagnosis. Even among patients with ER-negative 

disease, long-term follow-up data from the observation arms of adjuvant chemotherapy trials 

conducted 25 years ago show that most are expected to remain disease-free long-term.3

The most commonly used chemotherapy regimens are associated with small, but not 

insignificant, short- and long-term risk of complications. This is especially important as 

breast cancer is a disease of older women, many who have other comorbid conditions. Older 

women are also at greater risk for loss of function complications associated with the use of 

adjuvant chemotherapy. However, as a group, they are less likely to be offered adjuvant 

chemotherapy, even though age alone is a poor predictor of complications, and the observed 

reduction in breast cancer recurrence offered by adjuvant chemotherapy is equally observed 

across all age groups.4

Large datasets and long term follow-up of adjuvant trials have allowed investigators to ask 

clinical questions involving both common and rare outcomes that are of direct interest to 

patients, practicing oncologists, cancer researchers, and policy makers, although few studies 

included patient-reported outcome measures.5 Younger and otherwise healthier patients are 

more likely to be offered adjuvant chemotherapy, but many will remain at risk for late 

complications. Greater awareness of short- and long-term complications from established 

adjuvant chemotherapy regimens will allow patients and their health care providers to have 

more careful discussions on the merits of proposed therapies. High quality tools (including 

standard pathology measures 6–8) and new molecular measures will continue to aid 
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treatment decisions that must also account for individual risk of recurrence, and weigh in the 

expected absolute improvements in outcome and absolute risks of toxicities.

Greater Use of Adjuvant Chemotherapy Increases and Improvements in 

Outcomes

Along with screening, adjuvant systemic therapy has been key to the observed 

improvements in disease-free and overall survival (DFS/OS) in breast cancer 9 

Improvements in survival already take into account death associated with therapy related 

toxicities. However, complications from systemic therapies like adjuvant chemotherapy may 

still negatively affect health-related quality of life (HR-QOL). Therefore, it is important to 

examine the frequency, prevalence, and short/long-term impact on therapy-related toxicities, 

identify patients who might be at greatest risk, and ultimately individualize decisions 

regarding expected therapy benefits (relative and absolute percentage improvements in 

DFS/OS) against known and often fixed rates of potential harms.

Since 1975, there have been marked improvements in breast cancer survival in the US (see 

Table 1).10 In 2014, there were over 3 million female cancer survivors in the US alone and 

41% had a breast cancer diagnosis. Among them, 9% were younger than age 50 while 70% 

were older than age 60. Most importantly, their overall average 5-year survival was 90%.11 

Since the mid-1970s, we have also seen a significant increase in the use of adjuvant 

chemotherapy, and in 2011 approximately 37% of all patients diagnosed with stage 1–2 

breast cancer received it. Not all benefit from it (large “number needed to treat”), and most 

are expected to survive just with locoregional therapy. Therefore, the decision to offer 

adjuvant chemotherapy must integrate knowledge about biologic characteristics of an 

individual tumor, absolute and relative reductions in the hazards of recurrence from potential 

therapies, known short- and long-term toxicities, and individual comorbidities.

An issue with global importance

Cancer’s reach extends beyond developed countries.12 Global surveillance data on cancer 

survival show a comparable improvement in survival across the world.13 Breast cancer is 

now the most prevalent adult cancer, even in low- and middle income countries.14 

Worldwide, 5.2 million people live with breast cancer, with 40% of them still alive after 4–5 

years, compared to ~ 3.2 million survivors each for the 2nd (colorectal) and 3rd (prostate) 

most prevalent cancers. Data from GLOBOCAN 2012 report an even higher prevalence of 

6.23 million cancer survivors, with 3.03 million of them coming from developing nations.15 

Therefore, understanding and treating the sequelae of breast cancer therapy becomes even 

more important in both sheer number and scope.

Chronic/Late Effects from Adjuvant Chemotherapy

At the time of diagnosis of EBC, patients are understandably concerned about their 

likelihood of surviving their disease. Decision analysis studies showed early on that patients 

would be willing to accept a recommendation for adjuvant chemotherapy for a very small 

absolute percent survival gain.16 At the time of diagnosis, discussions often center on near 
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term toxicities from chemotherapy, like alopecia, nausea and vomiting, fatigue, and 

myelosupression. But as more patients survived breast cancer, we began to better understand 

potential long-term and late effects from chemotherapy, including some that could become 

chronic and quite debilitating (see Figure 1). As such, decisions made about a patient’s 

treatment not only become part of her past but also heavily influence her future health and 

HR-QOL. In this article, we review several chronic and late effects from adjuvant 

chemotherapy.

Cardiovascular toxicity

Anthracyclines are established agents of cardiotoxicity, particularly at higher cumulative 

doses. Epirubicin and doxorubicin may lead to permanent loss of cardiac function, often 

subclinical, though current adjuvant regimens employ cumulative doses well below the 

thresholds first established in the late 1970s. 17 The development of adjuvant trastuzumab 

for HER2-positive breast cancer was initially hampered both by the identification of the 

HER2 pathway as a critical element in cardiac homeostasis and by excessive cardiotoxicity 

when co-administered with anthracyclines. Sequential and non-anthracycline trastuzumab-

based chemotherapy regimens reduced subsequent risk, though up to 5% of patients initially 

treated with doxorubicin were then unable to begin trastuzumab therapy due to loss of left 

ventricular function (LVF), often asymptomatic.18 Reassuringly, long term data from these 

trials suggest that the cumulative cardiac event rate after 7 years of follow-up is small at 

~1.7%.19 Also, while about 8% of adjuvant patients had to interrupt trastuzumab due to 

cardiac imaging or clinical events, half of them resumed and completed therapy. Older age, 

low baseline LVF, and history of hypertension are now recognized risk factors associated 

with an increased risk of cardiotoxicity from trastuzumab following an anthracycline, and 

many clinicians prefer to avoid anthracycline regimens altogether.20

Still, there is limited long-term knowledge on the late effects from anthracyclines in 

otherwise asymptomatic patients. An Italian study that randomized 1,000 patients treated 

with CMF (cyclophosphamide, methotrexate, and 5-fluorouracil) chemotherapy with or 

without standard doses of doxorubicin located 462 patients who were disease-free after 10 

years, and 355 of them underwent echocardiographic evaluation. A higher frequency of 

asymptomatic systolic dysfunction (8% vs 2%) was detected in those treated with 

doxorubicin, along with a 1.5% cumulative risk of congestive heart failure (CHF) compared 

to 0% observed in those treated with just CMF.21 Unfortunately, longer term data on these 

asymptomatic patients are not available. However, evidence from cardiology studies in non-

cancer patients suggests that the presence of asymptomatic LV dysfunction alone increases 

the risk of death and symptomatic CHF.22 Despite limited data from clinical trials, 

population-based data using SEER-Medicare showed that older patients have a higher risk 

of cardiac events when treated with anthracycline-based adjuvant chemotherapy.23, 24 

Perhaps more importantly, many patients diagnosed with EBC are at risk for future CVD 

events, especially those with a high BMI, greater than their risk of cancer recurrence.25

Neurotoxicity and cognitive function

Neurotoxicity is commonly observed with adjuvant taxane regimens, with a frequency of 

grade 2–4 events that ranges from 13% to 22% in sequential anthracycline-taxane 
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regimens.26 Available evidence indicates no association between toxicity and likelihood of 

clinical benefit, which then allows clinicians to reduce doses without fear of jeopardizing 

drug effectiveness.27 Unfortunately, limited options are available to prevent or treat taxane-

induced painful neuropathy.28

Cognitive changes have long been observed following adjuvant chemotherapy for breast 

cancer,29 but studies in this area have been hampered by methodological limitations. In 

2011, an international group of investigators issued recommendations on a core set of 

neuropsychological tests and common criterion for defining cognitive impairment/changes 

to improve the homogeneity of study methods and study design to allow comparisons across 

trials including meta-analyses. 30 These barriers were exemplified in a recent systematic 

review of pharmacologic and non-pharmacologic interventions to manage cognitive 

alterations, where factors like patient heterogeneity and use of non-standardized 

neuropsychological outcome measures allowed the authors to only suggest cognitive 

training and physical activity as promising current interventions.31 A conceptual framework 

based on models of studying ageing has also been proposed to guide future studies.32

Marrow neoplasm after adjuvant chemotherapy

Leukemia after breast cancer were first reported in 1980s. In the early 2000s, the National 

Surgical Adjuvant Breast and Bowel Project (NSABP) reported a 0.27% 8-year cumulative 

incidence of myelodysplastic syndrome (MDS) and/or acute myelogenous leukemia (AML) 

among patients treated with standard doses of adjuvant doxorubicin and cyclophosphamide 

(AC).33 Topoisomerase II–targeting and DNA alkylating drugs are known carcinogens with 

a median latency of 1–3 and 4–6 years, respectively, with the later often preceded by a MDS 

prodrome. Recently, our group reported that the risk of marrow neoplasm (MN) after 

standard AC chemotherapy is about twice that previously reported, and with a cumulative 

incidence that doubled between years 5 and 10 (0.24% to 0.48%) and no apparent plateau.5 

Consequently, we concluded that while the MN risk after adjuvant chemotherapy was low, it 

was higher than previously described. Also, this risk continued to increase beyond 5 years. 

In the meantime, little information is available regarding the risk of marrow neoplasm with 

non-anthracycline regimens like docetaxel/cyclophosphamide.

Cessation of menses, menopause, and fertility

Type of adjuvant chemotherapy and age are factors associated with risk of cessation of 

menses in premenopausal women. On average, approximately 35% of women treated with 

AC will report amenorrhea 12 months after completion of chemotherapy, a figure that 

increases to 45% among those also treated with a taxane and to 60% for those treated with 

CMF.34 Most women younger than age 35 are likely to fully recover menses, while most 

above age 40 are not. Cessation of menses is associated with a negative impact on HR-QOL 

in terms of hot flashes, GU symptoms, and sexual dysfunction. Recent data suggest a 

potential role for LH-RH agonists administered during chemotherapy for women with ER-

negative disease in modestly increasing their chances of continuing to menstruate.35, 36 

However, chemotherapy-induced amenorrhea (CIA) does not equate menopause, and many 

patients with CIA remain fertile and resume menses when exposed to an aromatase 

inhibitor.37
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Evidence suggest that women who reported an episode of menstrual bleeding during the 2nd 

year following start of adjuvant chemotherapy will on average become menopausal three 

years earlier than planned.38 While limited evidence exist among breast cancer survivors, 

data from prospective cohorts like the Nurses’ Health Study show a significant increase in 

the hazard for all-cause mortality and CVD events among women without breast cancer who 

underwent bilateral oophorectomy before age 50.39 Our analyses of the National Health and 

Nutrition Examination Survey (NHANES III) also showed a higher age-standardized 

mortality rate (all-cause and CVD) in women without breast cancer who had bilateral 

oophorectomy, a risk that was higher in those with a body mass index (BMI) above 30 

kg/m2 and especially if they had an oophorectomy before age 40.40 We also observed a 

higher rate of low bone mineral density in women who had oophorectomies done before age 

45 and of arthritis following oophorectomies at any age.41

Ovarian Suppression as an Alternative to Chemotherapy

Almost 120 years ago, Sir George Beatson first suggested that oophorectomy might be used 

to treat breast cancer.42 Unfortunately, historical accidents favored the use of chemotherapy 

in the premenopausal setting, and it was not until the late 1980s that the ovarian suppressive 

effects of chemotherapy in young women were fully recognized. Investigators then 

postulated that the adjuvant benefits of chemotherapy could in part be due to indirect effects 

on the ovary leading to estrogen deprivation. This then supported a generation of 

randomized trials that assessed the efficacy of ovarian suppression compared with 

chemotherapy or added to chemotherapy.43 Results from the Suppression of Ovarian 

Function Trial (SOFT) 44 and the Triptorelin with Exemestane or Tamoxifen (TEXT) trial 45 

were recently reported.

An interesting observation from the initial published results from SOFT is that in the 

subgroup of patients selected for chemotherapy based on persistent premenopausal status, 

ovarian suppression improved outcomes when added to tamoxifen compared to tamoxifen 

alone, especially among younger patients. Unfortunately, the related Premenopausal 

Endocrine Responsive Chemotherapy (PERCHE) trial that attempted to answer whether 

premenopausal women would benefit from the addition of chemotherapy to ovarian 

suppression with tamoxifen or exemestane (NCT00066807) could not be completed due to 

poor accrual. Still, available evidence from studies like IBCSG Trial VIII indicate that 

ovarian function fully recovers after temporary suppression with an LH-RH agonist,46 in 

contrast to the permanent ablation effects often observed with chemotherapy. This suggests 

that optimal dual endocrine therapy with an LH-RH agonist is a feasible strategy, as it 

exploits the breast cancer-related benefits from the temporary suppression of ovarian 

function but with fewer long-term health-related complications associated with earlier onset 

of menopause.

Options to Avoid or Reduce Exposure to Adjuvant Chemotherapy

Dual endocrine therapy (LH-RH agonist with tamoxifen or with an aromatase inhibitor), 

while associated with more acute symptoms from estrogen suppression, could be a 

reasonable alternative to chemotherapy-based regimens for women with ER-positive early 
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stage breast cancer, particularly for those with strong ER expression who are expected to 

have endocrine responsive disease. Even before prospective-retrospective data on the 

clinical utility from a gene expression profiling assay became available,47 data from studies 

like IBCSG Trial IX had already shown that most patients with ER-positive, node-negative 

disease gained little benefit from the addition of chemotherapy to endocrine therapy.46, 48

Reducing exposure to chemotherapy is also feasible for carefully selected patients with 

HER2-positive breast cancer. While only limited data exist on the absolute improvement in 

DFS/OS offered by adjuvant trastuzumab in node-negative disease, retrospective studies 

suggest that patients with stage 1 disease (especially those with tumors greater than 0.5 cm) 

are at risk for recurrence.49 However, tumor size still matters as part of our increased focus 

on biologically-driven, decision-making in the adjuvant therapy. Consequently, recent 

efforts to eliminate exposure to anthracyclines while still offering the benefits from 

combining trastuzumab with adjuvant chemotherapy (in this case, paclitaxel 50) were 

received with widespread interest.

Triple negative breast cancer is clearly not a homogenous entity, but our ability to 

individually tailor treatment decisions in this setting remains limited. Although existing 

guidelines recommend that patients with T1bN0 triple-negative cancers be considered for 

adjuvant chemotherapy, and those with T1cN0 tumors be offered adjuvant chemotherapy,51 

long-term data from trials like NSABP B13 showed that about 50% of patients treated with 

local therapy alone without chemotherapy remained relapse-free and ~70% were alive after 

14 years of follow-up.3

Conclusion

Advances in screening and adjuvant therapy have translated into improved outcomes and the 

ranks of those with a previous diagnosis of breast cancer continues to build. Many women 

will survive breast cancer, and be at risk for other comorbid conditions such as CVD, some 

of which may be a direct sequelae. For many patients with early stage breast cancer, their 

risk of recurrence is not zero but is very small. At the same time, for many therapies for 

early stage breast cancer, the risk of side effects is very small but is not zero, and we must 

improve our ability to identify patients at greater risk for toxicities. As we better understand 

the long-term side effects of adjuvant chemotherapy in patients with early breast cancer, it is 

critical that we integrate our growing understanding of breast cancer biology along with 

standard high-quality histopathologic measures to better identify the patients most likely to 

benefit from the various combined multimodality therapies available. In regards to adjuvant 

therapy, we must strive against the notion of recommending adjuvant systemic 

chemotherapy “just in case.”
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Figure 1. 
Early and Late Toxicities Associated with Adjuvant Chemotherapy
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