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Precis

In this secondary data analysis study of breast cancer patients treated with bevacizumab and 

chemotherapy, cumulative multiple toxicities, even of low grades, were found to be associated 

with early treatment discontinuation. Peripheral neuropathy was related to poor self-reported 

physical well-being, suggesting additional care for patients exhibiting such toxicity. 
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Abstract

BACKGROUND: E5103 was a study to evaluate the efficacy and safety of bevacizumab. It was 

a negative trial for the endpoints of invasive-disease-free-survival and overall survival. The 

current work examines tolerability for bevacizumab and other medication exposure as related to 

clinical and patient-reported outcomes (PROs). METHODS: Adverse events (AEs) collected 

from the CTCAE were summarized to form an AE profile at each treatment cycle. All-grade and 

high-grade events were separately analyzed. The change in AE profile over treatment cycle was 

delineated as distinct clusters of AE trajectory. AE-related and any-reason early treatment 

discontinuation were treated as clinical outcome measures. PROs were measured by FACT-B + 

4. The relationships between the AE trajectory and early treatment discontinuation, as well as 

PROs, were analyzed. RESULTS: More than half (57.5%) of all AEs were low grade. A cluster 

of patients with broad and mixed grades of AE (all-grade) trajectory was significantly associated 

with any-reason early treatment discontinuation (odds ratio, OR=2.87; p=0.01) as well as AE-

related discontinuation (OR=4.14; p=0.001). This cluster had the highest count of all-grade AEs 

per cycle compared to other clusters. Another cluster of patients with primary neuropathic AEs 

in their trajectories had poorer physical well-being, compared to a trajectory of no or few AEs 

(p<0.01). High-grade AE trajectory did not predict discontinuations. CONCLUSIONS: 

Sustained and cumulative burden of across-the-board toxicities, although not necessarily all 

recognized as high-grade AEs, contributed to early treatment discontinuation. Patients with 

neuropathic all-grade AEs may require additional attention for preventing deterioration in 

physical well-being.  (Word count: 250)

Key words: Breast cancer, adverse events, peripheral neuropathy, drug treatment, early 

treatment discontinuation, patient reported outcome

Tolerability of Bevacizumab and Chemotherapy in a Phase III Clinical Trial with HER-2 

Negative Breast Cancer: A Trajectory Analysis of Adverse Events
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The ECOG-ACRIN Cancer Research Group E5103 was a randomized phase III, double-blind, 

clinical trial for patients with human epidermal growth factor receptor 2 (HER2)–negative breast 

cancer.1 Previous research has suggested that the most successful clinical application of 

angiogenesis inhibitors is likely to be in patients with micrometastatic disease in the adjuvant 

setting.2-9  E5103 was a study to test that hypothesis and evaluate the efficacy and safety of 

bevacizumab, the humanized monoclonal antibody, which targeted vascular endothelial growth 

factor (VEGF). Results from E5103 showed that incorporation of bevacizumab into sequential 

anthracycline- and taxane-containing adjuvant therapy did not improve invasive-disease-free-

survival (IDFS) or overall survival in targeted patients.1 The negative study result was partly 

attributed to early drug modification and discontinuation that resulted in severely limited 

bevacizumab exposure. As such, it is possible that even if bevacizumab was beneficial, the effect 

could be attenuated because many of the bevacizumab-specific toxicities had a constant, 

cumulative risk over time that led to drug intolerance, early adverse events (AEs), and eventual 

non-adherence.1,10 

In this paper, rather than IDFS or overall survival, we turn our focus to tolerability of 

bevacizumab and other medication exposure. Operationally, we use discontinuation of treatment 

as a clinical outcome to indicate (in)tolerability. Critical to patients’ adherence to protocol 

treatment, management of tolerability needs to address and prioritize the many dimensions of 

AE, including multiplicity, severity, and persistence. Consider the following two competing 

scenarios: Patient A has a high-grade but episodic, isolated case of diarrhea, and patient B has a 

grade 2 facial rash and a grade 2 joint pain that are both persistent. Current clinician practice 

would only regard Patient A’s episodic diarrhea as severe, and not Patient B’s constant rash and 

pain. However, Patient B may be more unwilling to continue treatment as the low-grade toxicity 

severely limits her daily activities and negatively impacts her health-related quality of life 

(HRQOL). In this paper we utilize a trajectory-based method that captures the full range of AE 

manifestation, including multiplicity, severity (grade), and pattern of occurrence over time. With 

a comprehensive representation of AE manifestation, our objective is to seek answers to the 

following questions (Objectives 1-3). First, what are the patterns of AE trajectories from 

bevacizumab and other medication exposure?  Second, are AEs related to early discontinuation 

of treatment, and if so, what patterns in AE trajectories would likely lead to such an outcome? 
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Third, how are AE trajectories related to patient-reported outcomes (PROs), particularly the 

different aspects of well-being (e.g., physical, mental)? 

METHODS

Study Design and Sample 

This is a substudy of E5103, a phase III adjuvant breast cancer trial that randomly assigned 4,994 

patients with node-positive or high-risk node-negative breast cancer to standard chemotherapy 

plus bevacizumab or placebo conducted by the ECOG-ACRIN Cancer Research Group (Figure. 

1a). Detailed eligibility criteria have been reported.1,13 The current tolerability study includes 515 

patients who completed PROs1,13 (Fig. 1b).  PRO participants were representative of the original 

sample1 with regard to demographic and clinical characteristics, and randomization assignment 

(Table 1). Institutional review boards for participating sites approved the protocol, and patients 

provided written informed consent before screening.

All patients received doxorubicin and cyclophosphamide (AC) followed by paclitaxel (T) 

weekly for 12 weeks. AC could be administered in a classic (every 3 weeks) or a dose-dense 

(every 2 weeks) schedule based on investigator discretion; the bevacizumab (B) dose was 

adjusted for the AC schedule choice (patients receiving classic AC received bevacizumab 

15mg/kg; patients receiving dose-dense AC received bevacizumab 10 mg/kg). A placebo (arm 

A) or bevacizumab (arms B and C) were administered concurrently with chemotherapy. All 

patients were unblinded at week 10 of paclitaxel therapy—the first day of the last cycle in the 

first phase (8 cycles in total) of E5103. In the second (maintenance) phase, patients in arm C 

continued bevacizumab monotherapy (15 mg/kg every 3 weeks) for an additional 10 cycles 

unless the patient did not consent to continue. The current analyses focused on the first phase of 

the trial. We excluded participants that died or experienced disease progression in this phase 

from the analysis.

Insert Fig. 1 here

Measures 

Treatment-related variables for the purpose of this analysis are described below. 

Bevacizumab exposure
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Arm A participants were categorized as non-bevacizumab exposed, and both arm B and C 

participants were categorized as bevacizumab exposed. 

Clinical outcomes

Early treatment discontinuation. Discontinuation was a dichotomous variable in which 1 = 

discontinued before completing the planned treatment and 0 otherwise. Discontinuation due to 

AE and discontinuation for any reason (including AE) were analyzed separately as distinct 

outcomes. 

Patient-reported outcomes

FACT-B + 4. The Functional Assessment of Cancer Therapy – Breast + Lymphedema (FACT-B 

+4) questionnaire14 was used to measure cancer-related well-being. The FACT-B+4 consists of 

the FACT-General (FACT-G) subscales (27 items) and the Additional Concerns subscale (AC, 

14 items). The FACT-G consists of four subscales that assess physical, social/family, emotional, 

and functional well-being. The AC measures breast cancer-specific concerns. Items were based 

on a five-point scale and referred to the past seven days. After reverse coding items that were 

negatively-worded, responses were summed within a domain to derive a domain-level score, and 

higher scores reflected better well-being. 

Demographic and other cancer-related variables. In addition to routine demographic (age, sex, 

race) and anthropometric (weight) variables, cancer-related variables included primary tumor 

size, histologic grade, estrogen receptors (ER) and progesterone receptors (PGR) status. Factors 

related to genetic ancestry were reported elsewhere and not included in this analysis. 1,13 

CTCAE and AE trajectory

Data on AEs were collected using the Common Terminology Criteria Adverse Event (CTCAE) 

version 3.0. The analysis included a total of 53 different AE events reported during the first 

phase of treatment in E5103. Because of the complexity and sparsity of the AE data, summary 

measures were derived to facilitate analysis. First, the AEs were grouped under 11 domains—

cardiac, febrile, reaction-related, gastro-intestinal, hemorrhage, edema, metabolic, neuropathic, 

pain, breathing-related, and others. Because many AEs were sparse, instead of using individual 

event-level data, the presence of an AE within a domain in a specific cycle was treated as a 

domain-level indicator. We curated data both for (1) the presence of any grade AE (representing 

what a patient experienced), and (2) the presence of a severe AE (grade 3 and above, 
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representing what a clinician typically recorded). When discontinuation occurred, no AE data 

were collected afterward. For each type of AE data, two summary measures were further derived 

from the AE domain-level indicators. The first was derived from analyzing the 11 domain 

indicators such that individuals with similar profiles across domains were clustered into a 

specific AE “state” or latent class15,16  at a given cycle. For example, “no or few AEs” formed a 

state. The second summary measure used the collection of AE states over cycles to identify 

distinct groups of trajectories, representing how patient AE profiles changed over time. An 

example of a trajectory group is patients belonging to the “no or few AE” state for all cycles. The 

AE trajectory group was used to represent the patient burden from AEs in the subsequent 

analysis. Specific details for the derivation of AE states and trajectories are provided in the 

following section. The any-grade AE trajectory forms the basis for primary analysis, and the 

same methodology was applied to high-grade (severe) AE for a sensitivity analysis. 

Statistical analysis

The statistical analysis plan used pertinent tools to achieve each objective. We 

operationalized the AE trajectory variable to capture the entire AE profile over all 8 cycles. 

Although AEs can be summarized by measures such as the total AE count over cycles, the 

approach has limitations like not differentiating AEs in different domains, which was important 

for understanding the patterns of toxicity. Instead, we used the multivariate hidden Markov 

model (MHMM) to capture the manifestation of AE patterns in the form of different states and 

trajectories.15-17 Briefly, the MHMM uses multiple variables (in this case, the domain-level AE) 

to form an AE profile. Based on the pattern of the profile variables, the MHMM determines the 

appropriate number of states K, for capturing both intra-individual and inter-individual variation. 

A state represents a statistically distinguishable patient cluster within which the patients have 

similar profiles. Each individual was classified as exclusively belonging to one of the K states at 

a given time point, and state membership can change over time. The Bayesian Information 

Criterion (BIC), a goodness-of-fit statistical index, determines the value of K.  In other words, a 

range of models with different number of states were fitted and the model with the lowest BIC 

was selected. The MHMM states thus represent the heterogeneity in multiple AE measures. 

Accordingly, an individual’s change in states over time constitute an AE trajectory. Based on 

inspection of the individual trajectories, we further identified a number of distinct AE trajectory 

groups, which were treated as categorical variables in subsequent analysis.
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Missing values were treated as missing-at-random (MAR). For the MHMM analysis, if a 

patient missed an observation at a specific time point, the state was imputed using information 

from the previous states under the model assumptions.16 

Depending on the objective, AE trajectory group was treated either as a dependent or an 

independent variable in the analysis. In Objective 1, AE trajectory group was the dependent 

variable in a multinomial logistic model, and the primary predictor was bevacizumab exposure 

(Model 1). For the selection of covariates, univariate logistic analysis was first used to determine 

significance of the individual variables age, race, weight, primary tumor size, ER status, and 

PGR status. Significant variables (p<0.1) were then entered into the final multivariable logistic 

model. A two-way interaction term between each included variable and bevacizumab exposure 

was also tested for significance.  

In Objective 2, the dependent variables were early treatment discontinuations (for AE 

related and for any reason), and the primary predictor was the AE trajectory group. Independent 

logistic regression models were used to analyze the early treatment discontinuation outcomes 

(Model 2). The same set of covariates and interactions used in Model 1 were included in Model 

2. For Objective 3, the multiple dependent variables were PROs, all measured at the end of Phase 

I of the study (cycle 8). PROs were treated as continuous, and linear regression models were fit 

with AE trajectory group as the primary predictor, adjusted for baseline PRO values (Model 3). 

A direct effect of bevacizumab on PROs was plausible, so a mediational model was used to 

explore the effect between bevacizumab and PRO, for which AE trajectory group was mediator. 

All analyses used two-sided testing with a significance level of 0.05, and 95% confidence 

intervals were reported for key predictor variables. MHMM and regression analyses were 

conducted using MATLAB and SAS v9.4, respectively.

Insert Table 1 here

RESULTS

Table 1 shows descriptive statistics of the sample, and Table S1 (in Supplemental Materials) 

shows the corresponding statistics of the original full sample.  Five distinct AE states were 

identified from the data such that each state represents a subgroup of patients with similar AE 

profiles (Fig. 2A). The profiles of the five states were respectively labeled Mixed Reactions 

(state 1), Cardiac (state 2), Neuropathic (state 3), First Low AE (state 4, labeled Low 1), and 
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Second Low AE (state 5, labeled Low 2). For example, a patient in the Cardiac state has a 78% 

chance on average of having a positive indicator of cardiac AE at a given cycle. The 

manifestation of cardiac AE includes hypertension as most prevalent. Others included left 

ventricular systolic dysfunction, cardiac ischemia/infarction, and ventricular diastolic 

dysfunction. The most prevalent neuropathic AE was neuropathy-sensory. Others included 

dizziness, mood alteration-depression, CNS cerebrovascular ischemia, and ataxia 

(incoordination). A patient in the Mixed Reactions state is likely to experience multiple AEs 

across domains, including fever, pain, and GI and breathing-related issues.  Both the Low 1 AE 

and Low 2 AE states have low AE incidence. In our subsequent trajectory analysis, a decision 

was made to collapse these two statistical states into a single Low AE state. Figure 2B shows the 

prevalence of the states over time (in cycle). The two low AE states together constitute the most 

prevalent state. Both the Cardiac and Neuropathic states increase in prevalence over time 

whereas the Mixed Reactions state appears early and persists into the treatment cycles. Note that 

some states (e.g., Cardiac) only emerge after the initial cycle. 

Insert Fig. 2 here 

Individuals’ trajectories were categorized into the following four groups—the Low AE 

Traj group within which only the Low 1 or Low 2 AE states were present throughout the cycles; 

the Cardiac Traj group within which the Cardiac state was present at some point in the cycles; 

the Neuro Traj group within which the Neuropathic state was present at some point in the cycles; 

and the Mixed Reactions Traj within which the Mixed Reactions state was present at some point 

in the cycles. Because there was very little movement from one state to another—with the 

exception of transition between the Low AE states and other states—all the trajectories could be 

readily classified into one of the aforementioned trajectory groups. Table 2 shows a sample of 

the most prevalent trajectories and how the trajectories were classified. The Mixed Reactions 

Traj shows a pattern distinct from the Cardiac and Neuro Traj groups. Table 2 also shows that 

for the Mixed Reactions Traj, the Mixed Reactions state tends to persist throughout the cycles, 

whereas for the Cardiac and Neuro Traj groups, the respective Cardiac and Neuropathic states 

tend to be episodic and only appear toward later cycles. Overall prevalence of the Cardiac, 
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Neuro, Mixed Reactions, and Low AE Traj groups were 7.7%, 25.1%, 8.7%, and 58.6%, 

respectively. 

Insert Table 2 here

Objective 1 Result (Bevacizumab Exposure and AE Trajectory) 

The final model (Model 1) included bevacizumab exposure, age, and weight as independent 

variables. None of the interaction terms among the selected independent variables were 

significant, and therefore no interaction term was included in the model. Table 3 shows the 

multinomial logistic regression results for which AE trajectory group is the outcome. Compared 

to the Low AE Traj group, the Cardiac Traj group was significantly related to bevacizumab 

exposure (odds ratio OR=3.58; 95% confidence interval CI, 1.06-12.1; p=0.04). Descriptive 

statistics showed that 92.3% of participants in the Cardiac Traj group were exposed to 

bevacizumab versus 77.6% in the Low AE Traj group. Older participants had higher odds of 

belonging to the Mixed Reactions Traj group, participants with heavier body weights had 

significantly higher odds of belonging to the other trajectory groups compared to the Low AE 

Traj group (Table 3). 

Insert Table 3 here

Objective 2 (AE Trajectory and Discontinuation) results

Dependent variables for this objective included treatment discontinued due to any reason, and 

discontinued due to AE. Five participants – one that died, and four that experienced disease 

progression – were excluded from the analysis. In the sample, the percentages of discontinuation 

due to any reason and due to AE were 22.8% (116 out of 510), and 10.8% (55 out of 510), 

respectively.  In other words, 47% (55 out of 116) of patients that discontinued treatment did so 

due to AE. Figure 3 shows, by trajectory group, the percentages of AE (incidence) per cycle, 

drug modification, treatment discontinuation due to any reason, and discontinuation due to AE.

The Mixed Reactions Traj group was highly significant in predicting early treatment 

discontinuation due to any reason (OR=2.87; 95% CI,1.47 - 5.58, p=0.01), as well as due to AE ( 

OR=4.14; 95% CI 1.90 - 9.06; p=0.001). None of the other trajectory groups were found to be 
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significantly associated with treatment discontinuation. Additionally, no other covariate was 

significant. 

Insert Fig. 3 here

Objective 3 (AE Trajectory and PRO) Results

For PRO analysis by domain of well-being, participants with missing PRO values were 

excluded, and the resulting range of sample size was between 445 and 447. Neuro Traj was 

significant in predicting physical well-being (p<0.01) whereas Cardiac Traj was marginally 

significant (p=0.055). The regression coefficients in Model 3 were such that being in the Neuro 

Traj group decreased the physical well-being score by 1.51 points (95% CI, -2.61 to -0.40), and 

being in the Cardiac Traj group decreased the score by 1.78 points (95% CI, -3.60 to 0.04), both 

implying worse physical well-being. There was no detectable direct effect from exposure to 

bevacizumab on physical well-being (p=0.81). Because no direct effect was found, no 

mediational model was further tested.  In all the other domains of well-being (social, emotional, 

functional, and additional concerns), none of the AE trajectory group showed significant 

predictive effect, nor did exposure to bevacizumab. 

Figure 4 visualizes the results for the relationships between bevacizumab exposure, AE 

trajectory, and clinical and PRO outcomes. 

Insert Fig. 4 here

Sensitivity Analysis

The analysis of the severe AE trajectory identified 3 states (Fig. S1 in supplemental materials). 

Besides a low AE state, the two other states were respectively labeled Cardiac/Neuropathic state 

and Other AE state.  Three corresponding high-grade AE trajectories were derived from the data. 

The three trajectories were called, respectively, Cardiac/Neuro High-Grade AE Traj group 

(8.2%), Other High-Grade AE Traj group (14.7%), and Low High-Grade AE Traj group 

(77.1%). For Objective 1, bevazicumb exposure was not significantly related to any of the high-

grade AE trajectory groups. For Objective 2, none of the high-grade trajectory groups were 

related to early discontinuation due to AE or any reason (all p>0.1). For Objective 3, the 
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Cardiac/Neuro High-Grade AE Traj group was only significantly associated with the patient’s 

emotional well-being (p=0.03).

DISCUSSION

Although the efficacy of bevacizumab, in addition to chemotherapy, has been demonstrated in 

randomized clinical oncology trials, published studies have also revealed AEs implicated by the 

agent. The majority of such AEs are considered manageable, but others are severe and life-

threatening.18 The current retrospective study confirms previous findings that toxicity, 

specifically cardiac toxicity, is induced by bevacizumab in a study of patients with HER 2–

negative breast cancer.1,19 Our finding is also consistent with the literature on the presence of 

classic toxicities likely due to other drugs used in the study—for example, peripheral neuropathy 

as induced by paclitaxel, although we only distinguished bevacizumab from other medications 

(Objective 1)—and the analysis does not specifically tease out different toxicities due to these 

drugs. 

It is important to understand the study findings regarding tolerability in the context of two 

unique features in our analysis. First, toxicities across multiple domains were simultaneously 

analyzed using a profile-based method. Unlike approaches based on counting the total number of 

AEs such that a low score in one domain may compensate for a high score in another, the 

profile-based approach allows a more comprehensive representation of the multiplicity of AE 

grouping and changes exhibited in longitudinal AE data. 

The profile-based method identified four distinct and clinically-meaningful types of all-

grade AE trajectory in the analyzed patients. More than half of the patients had a trajectory type 

that either did not show any AE, or had very low levels of AEs over the eight treatment cycles. 

For the neuropathy- and cardiac-dominated trajectory types, we found respective AEs that 

appeared later in the treatment cycles and tended to be episodic. In contrast, the group of patients 

labeled as the Mixed Reactions Traj experienced a broad range of toxicity burden that is 

persistent over treatment cycles, as well as AEs that began early in the cycle. One possible 

explanation is this group of patients had underlying health issues or being more sensitive to the 

treatment than other patients. The profile-based method captured salient features of AE patterns 

in the longitudinal data that were unlikely to be captured using traditional methods such as 

separate domain-level AE counts or overall AE counts. 



This article is protected by copyright. All rights reserved

A second important feature of the current study is the inclusion of low grade AEs in 

capturing overall patient burden. In addition to the standard high grade events (grade 3 or above), 

grades 1 and 2 AEs were also included. It has been shown that the high grade approach may miss 

important details of how patients experience the cumulative toxicity burden that contributes to 

overall treatment tolerability and HRQOL. 11,20 Our findings from the sensitivity analysis indeed 

suggest that the high-grade-only approach is not predictive of outcomes such as early treatment 

discontinuation. In the current data, a substantial proportion (57.5%) of the reported AEs are low 

grade. Importantly, patients belonging to the Mixed Reactions Traj group were significantly 

related to early discontinuation of treatment that was both AE-related and for any other reason. 

For example, rate of discontinuation for any reason for the Mixed Reactions Traj group was 

42.3% compared to 23.1% and 25.6% respectively for the Cardiac Traj and Neuro Traj groups 

(Fig. 3). Inspection of AE counts confirmed that the Mixed Reactions Traj group had a higher 

AE incidence (any grade) per patient-cycle (0.638) compared to the Cardiac traj group (0.458), 

the Neuro traj group (0.366), and the Low AE Traj group (0.054). It is thus possible that 

simultaneous AEs -- regardless of type or grade – that are sustained over time create a high 

toxicity burden, perhaps even more than a specific type of episodic, high-grade AE (e.g., cardiac 

AE). The cumulative burden of such across-the-board toxicities, although not necessarily all 

recognized as high-grade AEs, contributed to early treatment discontinuation. The sensitivity 

analysis lends further evidence to contrast the contribution to the predictive power (or lack 

thereof) of high-grade AEs only. 

With the wide development and adoption of Molecularly Targeted Agents (MTAs) and 

immunotherapies for cancer treatment, accounting for sustained low and moderate grade AEs 

may be more important than ever before. Traditional cytotoxic agents are generally administered 

intermittently in 3 or 4 week cycles, and often result in immediate, acute AEs that resolve in a 

relatively short period of time. An acute grade 2 AE that resolves itself within a week may be of 

low concern. However, MTAs are often administered daily, and may be taken indefinitely. A 

grade 2 AE experienced chronically as a result of an MTA may present a significantly higher 

burden to a patient than the same AE if it were only experienced temporarily for a short period of 

time.

The Cardiac Traj group had the highest percentage of high-grade AEs (59.1%) among all 

patient-cycle AEs compared to the Neuro Traj group (31.1%), Mixed Reactions Traj group 
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(46.8%), and the Low AE traj group (50.0%). Further examination of data regarding dosage 

modification by trajectory groups confirmed that severe toxicities were more prevalent in the 

Cardiac Traj group. Per study protocol drug dosage was modified whenever specific severe AEs 

were reported; thus dosage modification was primarily driven by high-grade AEs. We found no 

one (0%) in the Cardiac Traj group that did not modify dosage, as compared to 6.2% of the 

Neuro Traj group that did not modify and 13.3% that did not modify in the Mixed Reactions Traj 

group (Fig. 3). 

We noted that the Low AE Traj group had a non-trivial dosage modification and 

discontinuation percentage, although the rates were substantially lower than the other trajectory 

groups. Only 25.5% of this group did not experience any dosage modification, and 19.9% 

discontinued early for any reason. This suggests that other factors, such as personal reasons or 

individual differences in tolerability, also contributed to early discontinuation. 

This report also examines treatment tolerability via patient-reported outcomes 

(PROs).12,21 While clinician-centered assessment information such as that captured by CTCAE is 

useful, it indicates proximal effects due to treatment and provides a specific, and likely limited 

perspective on tolerability.22 Studies have shown that the CTCAE approach has an under-

detected symptom burden by as much as one-half of AEs compared with patient self-reports.23,24 

Thus, incorporating PROs and perspectives on treatment burden can provide unique information 

and higher precision on how patients experience treatment both at the initial and later stages, as 

well as which symptoms and AEs might impact treatment decisions. This information could lead 

to better management of chemotherapy to enhance treatment tolerability, optimize treatment 

outcomes, and enhance patient HRQOL.25,26

The findings from this study indicate that the physical well-being domain of PROs, 

measured at the end of the first trial phase, is significantly associated with the Neuro Traj group 

and marginally associated with the Cardiac Traj group. This suggests that neuropathic and 

cardiac toxicity may have a longer and lasting negative effect on a patient’s physical well-being. 

At the end of cycle 8, treatment toxicity did not appear to have negative effects on other patient 

well-being domains such as social, emotional, functional, and breast cancer-related concerns. 

Compared to the Low AE Traj group, differences in physical well-being scores for the Neuro 

Traj and Cardiac Traj groups were respectively 1.51 and 1.78 points lower. While minimal 

importance difference (MID) has not been established for physical well-being, the MID for Trial 
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Outcome Score (TOI), which combines physical, functional, and breast cancer scores, was 5–6 

points.27 By using 5 points as a benchmark, the proportionally-derived MID for physical well-

being is approximately 1.46. Therefore, the above-reported differences appear to be clinically 

meaningful. The finding points to the need for additional care for patients that experience 

neuropathic and/or cardiac toxicity during treatment even if the experience might only be 

episodic.  

Our sensitivity analysis revealed that while high-grade AEs were not predictive of early 

discontinuation, AE-related or otherwise, they may exact a higher toll on some HRQOL domains 

than do all-grade AEs.  Specifically, high-grade cardiac and neuropathic toxicities tend to 

contemporaneously occur within a small proportion of patients (8.2% in the current sample) and 

affect their emotional and functional well-being.    

There are limitations to the study. We only retrospectively examined bevacizumab and 

chemo exposure and did not disentangle toxicities due to other specific medications, as E5103 

was not designed to study other medications. The CTCAE form for this study only required 

clinicians to report all-grade AEs for toxicities related to the treatment. Low grade AEs were 

likely underreported in this study.  

Finally, the results regarding the prediction of early treatment discontinuation by AE 

trajectory may not be readily generalizable to other populations. The reported methodology for 

summarizing the multidimensional, multi-cycle AE data, however, should remain applicable to 

other applications. 
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Table 1. Descriptive Sample Statistics 

Characteristic

Mean (SD) or N 

(Percentage) ARM 

A, N=108

Mean (SD) or N 

(Percentage) ARM 

B, N= 204

Mean (SD) or N 

(Percentage) ARM 

C, N= 203

Mean (SD) or N 

(Percentage)

Total, N=515

Age 51.19 (10.65) 51.69 (10.07) 52.00 (10.07) 51.71 (10.28)

Patient Weight, kg 79.72 (21.99) 78.57 (19.58) 80.21 (19.58) 79.48 (19.11)

Sex

   Female 106 (98.2%) 204 (100%) 202 (99.5%) 512 (99.4%)

   Male 2 (1.9%) 1 (0.5%) 3 (0.6%)

Race

   Non-White 14 (13.0%) 26 (12.8%) 34 (16.8%) 74 (14.4%)

   White 94 (87.0%) 178 (87.2%) 169 (83.3%) 441 (85.6%)

Primary tumor size, cm

   <= 2 43 (39.8%) 63 (30.9%) 77 (37.9%) 183 (35.5%)

   >2 to <=5 53 (49.1%) 114 (55.9%) 101 (49.8%) 268 (52.1%)

   >5 12 (11.1%) 27 (13.2%) 25 (12.3%) 64 (12.4%)

Histologic grade

   1 12 (11.1%) 16 (7.8%) 14 (6.9%) 42 (8.2%)

   2 34 (31.5%) 70 (34.3%) 71 (35.0%) 175 (34.0%)

   3 61 (56.5%) 114 (55.9%) 111 (54.7%) 286 (55.5%)

   Missing 1 (0.9%) 4 (2.0%) 7 (3.5%) 12 (2.3%)
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Characteristic

Mean (SD) or N 

(Percentage) ARM 

A, N=108

Mean (SD) or N 

(Percentage) ARM 

B, N= 204

Mean (SD) or N 

(Percentage) ARM 

C, N= 203

Mean (SD) or N 

(Percentage)

Total, N=515

ER status

   Negative 43 (39.8%) 74 (36.1%) 78 (38.4%) 195 (37.9%)

   Positive 64 (59.3%) 131 (63.9%) 124 (61.1%) 318 (61.8%)

   Missing 1 (0.9%) 1 (0.5%) 2 (0.4%)

PGR status

   Negative 49 (45.4%) 82 (40.2%) 93 (45.8%) 224 (43.5%)

   Positive 58 (53.7%) 122 (59.8%) 109 (53.7%) 289 (56.1%)

   Missing 1 (0.9%) 1 (0.5%) 2 (0.4%)

HER2/neu chromosome

   0 37 (34.3%) 62 (30.4%) 85 (41.9%) 184 (35.7%)

   1+ 36 (33.3%) 71 (34.8%) 56 (27.6%) 163 (31.7%)

   2+ 16 (14.8%) 35 (17.2%) 27 (13.3%) 78 (15.2%)

   Missing 19 (17.6%) 36 (17.7%) 35 (17.2%) 90 (17.5%)

Table 2. A Sample of Top 10 Trajectories (Ordered by Prevalence) with Corresponding Group 

Labels

Cycle

Rank Count % 1 2 3 4 5 6 7 8 Traj 

Groupa

1 302 58.6 Low Low Low Low Low Low Low Low Low 

AE 

2 41 8.0 Low Low Low Low Low Low Neuro Neuro Neuro 

3 24 4.7 Low Low Low Low Low Low Low Neuro Neuro 

4 13 2,5 Low Low Low Low Low Neuro Neuro Neuro Neuro 

5 6 1.2 Low Low Low Low Neuro Neuro Neuro Neuro Neuro 

6 5 1.0 Mixed Mixed Mixed Mixed Mixed Mixed Mixed Mixed Mixed 

7 3 0.6 Low Mixed Mixed Mixed Mixed Mixed Mixed Mixed Mixed

8 3 0.6 Low Low Low Low Cardiac Cardiac Low Low Cardiac 

9 3 0.6 Low Low Low Low Low Low Cardiac Cardiac Cardiac 

10 3 0.6 Low Low Low Low Low Low Low Cardiac Cardiac 
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Abbreviation: Mixed, Mixed Reactions AE state; Low, Low (1) or Low (2) AE states 

(collapsed); Neuro, Neuropathic AE state; Cardiac, Cardiac AE state

aTrajectory Group: Low AE, Low AE Traj group; Neuro, Neuro Traj group; Mixed, Mixed 

Reactions Traj group, Cardiac, Cardiac Traj group.

Table 3. Parameter estimates in Model 1 for the analysis of relationship between bevacizumab 

exposure and adverse event trajectory (n=510)

Parameter AE Trajectory 

groupa

Odds ratio 95% CI p-valueb

BV exposed Cardiac Traj 3.58 (1.06, 12.1) <0.05

Neuro Traj 1.08 (0.65, 1.80) 0.77

Mixed Traj 1.11 (0.50, 2.46) 0.79

Age (10 yr) Cardiac Traj 1.29 (0.92, 1.82) 0.14

Neuro Traj 1.17 (0.95, 1.44) 0.13

Mixed Traj 1.60 (1.15, 2.22) <0.01

Weight (10 kg) Cardiac Traj 1.26 (1.07, 1.49) <0.01

Neuro Traj 1.14 (1.02, 1.27) <0.05

Mixed Traj 1.17 (1.00, 1.38) 0.05

Abbreviation: BV, bevacizumab; CI, confidence interval.
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aLow AE trajectory group is the reference group for odds ratio.

bBold type indicates statistical significant result.

Figure legend

Figure 1. Randomization for original sample (A) and selection for subsample (B) for ECOG-

ACRIN-5103. AC indicates intravenous doxorubicin and cyclophosphamide; B, bevacizumab; 

BAC, bevacizumab concurrent with intravenous doxorubicin and cyclophosphamide;  BT, 

bevacizumab concurrent with paclitaxel; PROs, patient reported outcomes.

Figure 2A. Profiles of the AE states. Each bar indicates probability of having the specific AE 

and grade (1-2=low, 3-4=high). For AE indicators, reaction indicates reaction-related; GI, gastro-

intestinal; hemor, hemorrhage; metabol, metabolic; neuro, neuropathic; breath, breathing-related.

Figure 2B. Prevalence of AE states over eight cycles. The order for the states follow (from top 

to bottom) Low 2, Low 1, Neuropathic, Cardiac, and Mixed Reactions. 

Figure 3. Percentages of treatment intolerability outcomes by AE trajectory groups. The four 

clusters of bar graph from left to right indicate incidence rate of AE per cycle, drug modification 

at any cycle, early treatment discontinued (Discont) due to any reason, and discontinued (Dicont) 

due to AE.  

*p<0.05, **p<0.01, ***p<0.001; for all pairwise comparisons with the Low AE Traj group

Figure 4. A schematic diagram summarizing significant relationships between bevacizumab 

exposure, the AE trajectory group, clinical outcomes, and PROs. Cardiac indicates the Cardiac 

Traj group; Neuro, Neuro Traj group; Mixed Reactions, Mixed Reactions Traj group, Low AE, 

Low AE Traj group. The thickest arrow indicates p < 0.001, medium arrow p<0.01, and thin 

arrow p < 0.05. Cardiac Traj group  Physical well-being domain has p=0.054. 
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