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Abstract
Purpose Achieving a higher chemotherapy completion rate is associated with better outcomes in breast cancer patients. 
We examined the role of exercise and health-related fitness variables in predicting chemotherapy completion in early stage 
breast cancer patients.
Methods We pooled data from two large, multicenter, exercise trials that obtained baseline (pre-chemotherapy) measures 
of exercise and health-related fitness in 543 breast cancer patients initiating adjuvant chemotherapy. Assessments included 
body composition, cardiovascular fitness, muscular strength, patient-reported physical functioning, and self-reported exercise 
behavior. Chemotherapy completion was assessed as the average relative dose intensity (RDI) for the originally planned 
regimen. We used logistic regression analyses with a two-sided p value of < 0.05 to estimate the associations between the 
predictors and an RDI of ≥ 85%.
Results Overall, 432 of 543 (79.6%) breast cancer patients received an RDI of ≥ 85%. In logistic regression analyses adjusted 
for significant covariates, patients in the highest 20% vs. lowest 80% of absolute  VO2peak were significantly more likely to 
complete ≥ 85% RDI (89.0% vs. 77.2%;  ORadj 2.06, 95% CI 1.07–3.96, p = 0.031). Moreover, patients in the highest 80% vs. 
lowest 20% of absolute chest strength were significantly more likely to complete ≥ 85% RDI (81.5% vs. 71.4%;  ORadj 1.80, 
95% CI 1.09–2.98, p = 0.021).
Conclusions In these exploratory analyses, higher baseline (pre-chemotherapy) cardiovascular fitness and muscular strength 
were associated with higher rates of chemotherapy completion in early stage breast cancer patients. Aerobic and/or strength 
training interventions that increase cardiovascular fitness and muscular strength prior to chemotherapy for breast cancer may 
improve treatment tolerability and outcomes.
Clinical trial registration START: NCT00115713, June 24, 2005; CARE: NCT00249015, November 7, 2005 (http:// clini 
caltr ials. gov).
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Background

A lower rate of chemotherapy completion is associated 
with worse survival in early stage breast cancer patients 
[1–5]. Previous research has reported a 38% increase in 
cancer-specific mortality among breast cancer patients 
completing < 85% of their planned chemotherapy [2]. 
Interventions that improve chemotherapy completion in 
early stage breast cancer patients may improve longer-term 
outcomes.

Exercise and health-related fitness variables (e.g., body 
composition, cardiovascular fitness, muscular strength, 
physical functioning) may affect chemotherapy completion 
[1]. In particular, previous studies in breast cancer have 
shown that body composition variables, such as greater 
muscle mass and lower adiposity, are associated with 
higher chemotherapy completion [2, 3]. Moreover, higher 
self-reported exercise prior to a breast cancer diagnosis 
has been associated with a higher chemotherapy com-
pletion [4]; and exercise initiated during breast cancer 
chemotherapy has improved treatment completion [6, 7]. 
Limited data exist on patient-reported physical functioning 
[8] and no studies have examined objective physical fitness 
[1]. Identifying modifiable health-related fitness variables 
that predict chemotherapy completion may lead to targeted 
interventions to improve treatment tolerability.

We previously completed two randomized controlled 
trials investigating exercise during adjuvant chemotherapy 
in early stage breast cancer patients [6, 9]. Here, we report 
a pooled analysis from these two trials examining base-
line (pre-chemotherapy) exercise and health-related fitness 
variables as predictors of chemotherapy completion. We 
hypothesized that higher lean body mass and lower fat 
mass would be associated with improved chemotherapy 
completion. We considered the analyses of physical fit-
ness, patient-reported physical functioning, and self-
reported exercise behavior to be exploratory.

Materials and methods

Setting and participants

We pooled data from START [Supervised Trial of Aero-
bic versus Resistance Training (NCT00115713, http:// 
clini caltr ials. gov)] [6] and CARE [Combined Aerobic and 
Resistance Exercise (NCT00249015, http:// clini caltr ials. 
gov)] [9], which used very similar methods to examine 
various exercise interventions in breast cancer patients 
receiving adjuvant chemotherapy. START recruited from 
2002 to 2005 and CARE recruited from 2008 to 2011. 

Both trials were multi-centered, randomized trials con-
ducted in Edmonton, Ottawa, and Vancouver, Canada. In 
both START and CARE, ethics approval was obtained 
for all three centers and all participants provided writ-
ten informed consent. Eligibility criteria for both trials 
included non-pregnant women ≥ 18 years of age with stage 
I–IIIa (START) or stage I–IIIc (CARE) breast cancer initi-
ating first-line adjuvant chemotherapy. Exclusion criteria 
included incomplete axillary surgery, transabdominal rec-
tus abdominis muscle reconstructive surgery, uncontrolled 
hypertension, cardiac illness, psychiatric illness, or disap-
proval by the oncologist.

Recruitment, randomization, and blinding

Eligible patients in both trials were approached by their 
treating oncologists during a medical visit prior to chemo-
therapy. The study coordinators followed-up with these 
patients and scheduled interested patients for baseline test-
ing. After completing baseline assessments, patients were 
randomly assigned to their various interventions (described 
later) in a 1:1:1 ratio using a computer-generated program 
with random blocks of four or six.

Measures of baseline exercise and health‑related 
fitness

In both START and CARE, baseline assessments generally 
occurred prior to the initiation of chemotherapy. If patients 
were unable or unwilling to complete all baseline assess-
ments prior to chemotherapy, assessments could occur after 
the first chemotherapy cycle but always prior to the second 
chemotherapy cycle.

Body composition

Body weight and height were assessed without shoes using 
a balance beam scale in both START and CARE. BMI was 
calculated as weight in kilograms divided by the square of 
height in meters (kg/m2). In both trials, body composition 
was assessed using a DEXA scan [Hologic QDR-4500 (Van-
couver), General Electric Lunar Expert/Prodigy (Ottawa and 
Edmonton)]. Body composition variables included lean 
body mass (kilograms and relative to total body weight), fat 
mass (kilograms and relative to total body weight), lean-to-
fat ratio (total lean mass divided by total fat mass) [10]; and 
skeletal muscle mass index (lean body mass in kilograms 
divided by the square of height in meters) [11]. Participants 
were classified as sarcopenic if their skeletal muscle mass 
index was more than one standard deviation below age- and 
sex-based norms [12].

http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
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Physical fitness

In both START and CARE, cardiovascular fitness (i.e., 
 VO2peak) was assessed using a maximal incremental tread-
mill protocol with measurements of expired gas [CPX-D; 
Medical Graphics, St Paul, MN (START) [6] and Parvo 
Medics TrueOne 2400, Parvo Medics Inc, Sandy, UT 
(CARE)] [9].  VO2peak was determined as the highest value 
over a 15-s period. Both trials used submaximal tests to 
estimate muscular strength (i.e., one-repetition maximum). 
In START, muscular strength was estimated from an eight-
repetition maximum bench press and leg extension [6]. In 
CARE, muscular strength was estimated from a seven to 
ten-repetition maximum bench and leg press [9]. Given the 
different exercises used to measure lower body strength in 
each trial (i.e., leg extension vs. leg press), we could not 
combine them into a single score, and therefore, we only 
analyzed upper body (chest) strength.

Patient‑reported physical functioning

In both trials, patient-reported physical functioning was 
assessed by the physical well-being (PWB), functional 
well-being (FWB), and fatigue subscales of the Func-
tional Assessment of Cancer Therapy-Fatigue scale [13]. 
The PWB, FWB, and fatigue subscales were analyzed 
separately and combined into the Trial Outcome Index-
Fatigue (TOI-F) scale. On all scales, including fatigue, 
higher scores indicated better functioning.

Self‑reported exercise behavior

In both trials, exercise behavior was self-reported using 
the Godin Leisure Time Exercise Questionnaire [14], 
which consists of three questions on the average frequency 
of light (e.g., easy walking), moderate (e.g., fast walking), 
and vigorous (e.g., running) aerobic exercise during free 
time in a typical week for the past month. We modified the 
questionnaire to include the average duration of exercise 
and added a separate question on strength exercise. We 
asked patients to report their typical weekly exercise, since 
their breast cancer diagnosis. Total aerobic exercise time 
was calculated by multiplying vigorous aerobic exercise 
time (min/week) by two and adding it to moderate aerobic 
exercise time (min/week). Participants were categorized 
as meeting versus not meeting aerobic exercise guidelines 
(≥ 150 min of total aerobic exercise per week), strength 
exercise guidelines (≥ 2 resistance training sessions per 
week), and combined exercise guidelines (neither, aerobic 
only, strength only, and combined) [15].

Primary outcome measure

The primary outcome was chemotherapy completion, 
assessed as the average RDI for the originally planned regi-
men based on standard formulas [16–18] in both START and 
CARE. We used an RDI ≥ 85% as an indicator of chemo-
therapy completion based on its association with improved 
survival outcomes [5, 19]. Chemotherapy treatment data 
were obtained from medical records but we did not collect 
the reasons for dose reductions, delays, or discontinuations.

Interventions

Although baseline exercise and health-related fitness vari-
ables were assessed prior to the exercise interventions, 
the collection of the primary outcome of RDI occurred 
during the interventions. In both trials, participants were 
asked to perform thrice-weekly supervised exercise, begin-
ning 1–2 weeks after starting chemotherapy and ending 
3–4  weeks after completing chemotherapy. In START, 
participants were randomized to aerobic exercise training, 
resistance exercise training, or usual care (UC). In CARE, 
participants were randomized to 25–30 min of vigorous 
aerobic exercise, 50–60 min of vigorous aerobic exercise, 
or a combined dose of 50–60 min of vigorous aerobic and 
resistance exercise. Resistance exercise in both trials con-
sisted of two sets of 8–12 (START) or 10–12 (CARE) repeti-
tions at approximately 60–75% of one repetition maximum 
for nine different exercises involving major muscle groups. 
The UC group in START was asked not to exercise during 
chemotherapy.

Statistical analyses

We analyzed the associations between each continuous pre-
dictor variable and chemotherapy completion (< 85% RDI 
vs. ≥ 85% RDI) using independent t tests and analyses of 
covariance adjusting for significant covariates in our data 
set. We further categorized the continuous variables as 
categorical/ordinal variables based on clinically relevant 
(e.g., BMI, exercise guidelines, sarcopenia) or statistically 
determined (quintile) cut-points to identify any non-linear 
thresholds associated with chemotherapy completion. The 
potential thresholds in these categorical/ordinal variables 
were determined based on a criterion of ± 5% difference 
in the mean proportion of patients completing 85% RDI 
between adjacent quintiles (Supplementary Tables 1–4, 
online resource). We then analyzed the association between 
the identified thresholds (e.g., highest 80% vs. lowest 20%) 
and chemotherapy completion using unadjusted and adjusted 
logistic regression. Predictor variables that remained statis-
tically significant (p < 0.05) after adjustment for covariates 
were analyzed in a multivariate logistic regression model 
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with all significant predictors and covariates. Finally, as a 
sensitivity analysis, we re-analyzed the data excluding the 
UC group from START.

Results

Participant flow has been reported elsewhere for both 
START [6] and CARE [9]. In brief, 242 and 301 partici-
pants were randomized in START and CARE, respectively. 
Baseline characteristics of the combined study participants 
overall and by chemotherapy completion are described 
in Table 1. Briefly, 543 participants were included in the 

analyses with 79.6% (432/543) completing ≥ 85% of their 
planned RDI. Statistically significant differences in chemo-
therapy completion were found for trial (START vs. CARE), 
randomized arm (UC vs. exercise groups), and taxane-based 
chemotherapy (yes vs. no). These variables were included as 
covariates in the adjusted analyses.

Associations of predictors with chemotherapy 
completion

Supplementary Table 1 (online resource) presents the asso-
ciations between body composition variables and chemo-
therapy completion. There were no significant associations 

Table 1  Baseline characteristics 
of study participants overall and 
by chemotherapy completion

RDI relative dose intensity, START Supervised Trial of Aerobic versus Resistance Training, CARE Com-
bined Aerobic and Resistance Exercise, UC usual care, AET aerobic exercise training, RET resistance exer-
cise training, STAN standard volume of aerobic exercise, HIGH higher volume of aerobic exercise, COMB 
combined aerobic and resistance exercise
a Missing, n (%) = 38 (7.0%)

Overall
(n = 543)

RDI ≥ 85%
(n = 432; 79.6%)

RDI < 85%
(n = 111; 20.4%)

p value

Trial
 START, n (%) 242 (44.6) 176 (72.7) 66 (27.3)  < 0.001
 CARE, n (%) 301 (55.4) 256 (85.0) 45 (15.0)

Randomized arm
 START: UC, n (%) 82 (15.1) 54 (65.9) 28 (34.1) 0.004
 START: AET, n (%) 78 (14.4) 58 (74.4) 20 (25.6)
 START: RET, n (%) 82 (15.1) 64 (78.0) 18 (22.0)
 CARE: STAN, n (%) 96 (17.7) 84 (87.5) 12 (12.5)
 CARE: HIGH, n (%) 101 (18.6) 83 (82.2) 18 (17.8)
 CARE: COMB, n (%) 104 (19.2) 89 (85.6) 15 (14.4)

Site
 Edmonton, n (%) 226 (41.6) 188 (83.2) 38 (16.8) 0.17
 Ottawa, n (%) 154 (28.4) 121 (78.6) 33 (21.4)
 Vancouver, n (%) 163 (30.0) 123 (75.5) 40 (24.5)

Demographic profile
 Age, years, mean (SD) 49.6 (9.1) 49.5 (9.0) 50.2 (9.4) 0.44
 Married, n (%) 361 (66.5) 285 (78.9) 76 (21.1) 0.62
 Completed university, n (%) 350 (64.5) 280 (80.0) 70 (20.0) 0.73
 Income > $80 000/year, n (%)a 253 (46.6) 204 (80.6) 49 (19.4) 0.89
 Disability/sick leave, n (%) 261 (48.1) 202 (77.4) 59 (22.6) 0.23

Medical profile
 Disease stage
  I (T1N0), n (%) 161 (29.7) 133 (82.6) 28 (17.4) 0.66
  IIa (T1N1, T2N0), n (%) 203 (37.4) 161 (79.3) 42 (20.7)
  IIb (T2N1, T3N0), n (%) 113 (20.8) 87 (77.0) 26 (23.0)
  IIIa (T1N2, T2N2, T3N1-2), n (%) 66 (12.2) 51 (77.3) 15 (22.7)

 Surgical protocol
  Breast conservation, n (%) 230 (42.4) 177 (77.0) 53 (23.0) 0.20

 Chemotherapy protocol
  Taxane, n (%) 347 (63.9) 296 (85.3) 51 (14.7)  < 0.001
  Anthracycline, n (%) 313 (57.6) 242 (77.3) 71 (22.7) 0.13
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between any body composition variable and chemotherapy 
completion. One potential threshold was analyzed compar-
ing a BMI of severely obese vs. not severely obese but it was 
not significant (Table 2).

Supplementary Table 2 (online resource) presents the 
associations between physical fitness variables and chem-
otherapy completion. Breast cancer patients who com-
pleted ≥ 85% RDI had significantly higher absolute  VO2peak 
(1.86 L/min vs. 1.78 L/min; p = 0.044) and relative  VO2peak 
(27.0 mL/kg/min vs. 25.6 mL/kg/min; p = 0.050) compared 
to patients who completed < 85% RDI, but these associations 
were not significant after adjustment for covariates (p = 0.28 
and p = 0.23, respectively). In terms of potential thresholds, 
there were no significant associations for relative  VO2peak 
or relative chest strength (Table 2). Conversely, patients in 
the highest 20% vs. lowest 80% for absolute  VO2peak were 
significantly more likely to complete ≥ 85% RDI in unad-
justed (89.0% vs. 77.2%; OR 2.39, 95% CI 1.26–4.53, 
p = 0.008) (Fig. 1a) and adjusted analyses  (ORadj 2.06, 95% 
CI 1.07–3.96, p = 0.031) (Table 2). Similarly, patients in 
the highest 80% vs. lowest 20% for absolute chest strength 
were significantly more likely to complete ≥ 85% RDI in 
unadjusted (81.5% vs. 71.4%; OR 1.76, 95% CI 1.08–2.87, 
p = 0.023) (Fig. 1b) and adjusted analyses  (ORadj 1.80, 95% 
CI 1.09–2.98, p = 0.021) (Table 2).

Supplementary Table 3 (online resource) presents the 
associations between patient-reported physical functioning 
and chemotherapy completion. Breast cancer patients who 
completed ≥ 85% RDI had significantly higher PWB (21.9 
vs. 20.3; p = 0.027) and TOI-F (79.1 vs. 74.4; p = 0.023) 
compared to patients who completed < 85% RDI, but these 
associations were not significant after adjustment for covari-
ates (p = 0.08 and p = 0.11, respectively). In terms of poten-
tial thresholds, there were no significant differences for FWB 
or TOI-F (Table 2). Conversely, patients in the highest 80% 

vs. lowest 20% for PWB were significantly more likely 
to complete ≥ 85% RDI (81.6% vs. 71.3%; OR 1.79, 95% 
CI 1.10–2.89, p = 0.018) (Table  2; Fig.  2a). Moreover, 
patients in the highest 80% (less fatigue) vs. lowest 20% 
(more fatigue) for fatigue were significantly more likely to 
complete ≥ 85% RDI (81.3% vs. 71.3%; OR 1.75, 95% CI 
1.06–2.90, p = 0.030) (Table 2; Fig. 2b). Neither of these 

Table 2  Unadjusted and 
adjusted analyses of potential 
threshold associations of 
exercise and health-related 
fitness predictors with 
chemotherapy completion ≥ 85% 
RDI

OR odds ratio, CI confidence interval, VO2peak peak oxygen consumption, TOI-F Trial outcome index-
fatigue
a Adjusted for trial, randomization arm, and taxane-based chemotherapy

Unadjusted Adjusteda

OR (95% CI); p value OR (95% CI); p value

Body mass index (≥ 35 kg/m2 vs. < 35 kg/m2) 0.60 (0.31–1.19); 0.15 0.63 (0.31–1.26); 0.19
Absolute  VO2peak (highest 20% vs. lowest 80%) 2.39 (1.26–4.53); 0.008 2.06 (1.07–3.96); 0.031
Relative  VO2peak (highest 80% vs. lowest 20%) 1.58 (0.96–2.59); 0.07 1.27 (0.76–2.13); 0.36
Absolute chest strength (highest 80% vs. lowest 20%) 1.76 (1.08–2.87); 0.023 1.80 (1.09–2.98); 0.021
Relative chest strength (highest 80% vs. lowest 20%) 1.58 (0.97–2.58); 0.07 1.52 (0.92–2.52); 0.10
Physical well-being (highest 80% vs. lowest 20%) 1.79 (1.10–2.89); 0.018 1.42 (0.85–2.38); 0.18
Functional well-being (highest 20% vs. lowest 80%) 1.62 (0.92–2.85); 0.09 1.63 (0.92–2.91); 0.10
Fatigue (highest 80% vs. lowest 20%) 1.75 (1.06–2.90); 0.030 1.51 (0.89–2.57); 0.12
TOI-F (highest 80% vs. lowest 20%) 1.53 (0.93–2.51); 0.09 1.36 (0.81–2.29); 0.24
Exercise guidelines (combined vs. others) 0.69 (0.34–1.38); 0.29 0.56 (0.27–1.14); 0.11
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Fig. 1  Associations of a absolute  VO2peak and b absolute chest 
strength with chemotherapy completion



404 Breast Cancer Research and Treatment (2021) 188:399–407

1 3

associations remained significant after adjustment for sig-
nificant covariates (Table 2).

Supplementary Table  4 (online resource) shows the 
associations between self-reported exercise behavior and 
chemotherapy completion. There were no significant asso-
ciations between any of the self-reported exercise variables 
and chemotherapy completion. One potential threshold was 
analyzed comparing the combined exercise guideline vs. 
other guidelines but it was not significant (Table 2).

In a final multivariate model that included the two signifi-
cant fitness predictors and four covariates, absolute  VO2peak 
 (ORadj 1.87, 95% CI 0.96–3.63, p = 0.07) and absolute chest 
strength  (ORadj 1.65, 95% CI 0.99–2.74, p = 0.05) were bor-
derline significantly associated with chemotherapy comple-
tion (Table 3).

In sensitivity analyses excluding the UC group (n = 461), 
there were no substantive differences in the results although 
the associations of the fitness variables with chemotherapy 
completion became slightly stronger. Specifically, the HR 
for absolute  VO2peak (highest 20% vs. lowest 80%) increased 
from 2.06 (95% CI 1.07–3.96; p = 0.031) with the UC group 
to 2.45 (95% CI 1.12–5.35; p = 0.024) without the UC group. 
The HR for absolute chest strength (highest 80% vs. lowest 
20%) increased from 1.80 (95% CI 1.09–2.98; p = 0.021) 

with the UC group to 1.94 (95% CI 1.11–3.41; p = 0.021) 
without the UC group. Finally, in the multivariate analy-
ses (with both fitness variables in the model), the HR for 
absolute  VO2peak increased from 1.87 (95% CI 0.96–3.63; 
p = 0.07) with the UC group to 2.19 (95% CI 0.99–4.84; 
p = 0.05) without the UC group; and for absolute chest 
strength the HR increased from 1.65 (95% CI 0.99–2.74; 
p = 0.05) with the UC group to 1.73 (95% CI 0.98–3.07; 
p = 0.06) without the UC group.

Discussion

To our knowledge, our study is the first to report a compre-
hensive set of exercise and health-related fitness predictors 
of chemotherapy completion in early stage breast cancer 
patients. We found that higher baseline (pre-chemotherapy) 
cardiovascular fitness and muscular strength were inde-
pendently associated with a greater likelihood of complet-
ing ≥ 85% of the planned chemotherapy regimen. Patient-
reported physical functioning variables were associated with 
chemotherapy completion in unadjusted but not adjusted 
analyses. Neither self-reported exercise behavior nor body 
composition variables were associated with chemotherapy 
completion in our data set. Our results may have important 
implications for the management of breast cancer patients.

Contrary to our hypotheses, body composition vari-
ables did not predict chemotherapy completion. Previous 
research has shown that breast cancer patients with higher 
BMI, greater fat mass, and lower lean mass are less likely 
to complete their chemotherapy [2, 20–22]. The majority of 
previous studies have assessed body composition through 
computed tomography [2, 21, 22]; however, similar associa-
tions have been reported using DEXA [20]. It is unclear why 
body composition variables did not predict chemotherapy 
completion in our study. One possible explanation is that 
our study population was healthier and fitter than the general 
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Fig. 2  Associations of a physical well-being and b fatigue with 
chemotherapy completion. Note: higher fatigue scores indicate less 
fatigue

Table 3  Multivariate logistic regression model including significant 
covariates and both fitness predictors of chemotherapy completion

Significant predictors RDI ≥ 85% vs. < 85%

OR (95% CI) p value

Trial
(CARE vs. START)

1.01 (0.55–1.86) 0.96

Randomization arm
(exercise groups vs. usual care group)

1.75 (0.96–3.18) 0.07

Taxane
(taxane vs. non-taxane)

2.14 (1.24–3.72) 0.007

Absolute  VO2peak
(highest 20% vs. lowest 80%)

1.87 (0.96–3.63) 0.07

Absolute chest strength
(highest 80% vs. lowest 20%)

1.65 (0.99–2.74) 0.05
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population of breast cancer patients, because they partici-
pated in an exercise trial. For example, compared to previ-
ous studies, our study participants were 2–3 years younger 
[4, 8, 23, 24], had a lower BMI by 2–3 kg/m2 [2, 4, 20–22], 
and were 10–20% more likely to complete ≥ 85% of their 
chemotherapy [2, 4, 20–22]. Moreover, our study did not 
address the issue of chemotherapy dosing based on body 
composition, which is an important topic for future research.

Interestingly, cardiovascular fitness and muscular strength 
predicted chemotherapy completion in unadjusted and 
adjusted analyses. Specifically, patients in the highest 20% 
vs. lowest 80% of absolute  VO2peak were twice as likely to 
complete an RDI ≥ 85%; and patients in the highest 80% vs. 
lowest 20% for absolute chest strength were 1.8 times more 
likely to complete an RDI ≥ 85%. In multivariate analyses, 
both variables were borderline significant, suggesting the 
possibility that aerobic fitness and muscular strength may 
have independent associations with chemotherapy comple-
tion. No previous studies have examined if objective physi-
cal fitness predicts chemotherapy completion.

Cardiovascular fitness is a robust measure of physical 
health that may influence chemotherapy completion through 
various mechanisms including improved heart function, car-
diac output, left ventricular ejection fraction, blood pressure, 
blood volume, hemoglobin levels, and muscle metabolism. 
An improved cardiovascular system may affect dose-limiting 
toxicities such as cardiotoxicity, low blood counts, febrile 
neutropenia, peripheral neuropathy, and fatigue. Cardio-
vascular fitness declines significantly during chemotherapy 
[23]; therefore, patients with the highest  VO2 reserve (top 
20%) may be more buffered against declines associated with 
dose-limiting toxicities.

Muscular strength is important for improved physical 
functioning but its association with chemotherapy comple-
tion has not been documented. In one small study, a quicker 
sit-to-stand time and faster gait speed predicted chemother-
apy completion in 26 lung cancer patients [24]. The obvious 
explanation for an association between muscular strength 
and chemotherapy completion would be greater muscle mass 
[25]; however, that explanation is not supported by our data. 
It is important to note, however, that DEXA does not meas-
ure actual skeletal muscle mass but rather lean soft tissue 
(body water, total protein, carbohydrates, non-fat lipids, 
and soft tissue) [26]. Moreover, although muscle mass is an 
important component of muscular strength, factors related 
to muscle quality (e.g., composition, metabolism, aerobic 
capacity, insulin resistance, fat infiltration, fibrosis, and 
neural factors) may also play an important role in muscu-
lar strength and physical functioning [27]. It is plausible 
that factors affecting muscle quality are also implicated in 
the body’s ability to metabolize drugs, thereby, reducing 
dose-limiting toxicities. Finally, it is also possible that the 
association between upper body strength and chemotherapy 

completion may be confounded by surgical factors (type of 
surgery, complications, and recovery); however, breast con-
serving surgery was not associated with improved chemo-
therapy completion in our study.

Although objectively measured physical fitness vari-
ables predicted chemotherapy completion, patient-reported 
physical functioning variables did not predict chemotherapy 
completion in adjusted models. One previous study reported 
that patient-reported physical functioning and fatigue sever-
ity were not associated with chemotherapy completion in 
385 advanced breast cancer patients participating in a ran-
domized reflexology trial [8]. The role of patient-reported 
physical functioning versus objectively measured physical 
functioning in predicting chemotherapy completion requires 
further research.

In our study, higher volumes of self-reported exercise 
were not associated with higher chemotherapy completion. 
In contrast, Usiskin et al. [4] reported that breast cancer 
patients who exercised ≥ 7.5 metabolic equivalent task-hour 
per week in the year before their diagnosis had a 7.6 times 
higher rate of chemotherapy completion. Usiskin et al.’s 
study has notable differences from our study including the 
timing of assessment (i.e., 1 year prior to diagnosis vs. since 
diagnosis) and exercise intensity (i.e., any vs. moderate-to-
vigorous). Moreover, our study was restricted to breast can-
cer patients who were not currently doing structured exercise 
training which may have reduced variability in the measures. 
Finally, our study intervened on exercise behavior after the 
self-report assessment which may have altered any associa-
tions. Future research using observational cohort designs is 
needed to investigate the relationship between objectively 
measured exercise behavior at different pre-chemotherapy 
time points and chemotherapy completion.

Our findings may have clinical implications. Our data 
suggest that both aerobic fitness and muscular strength may 
be independently associated with chemotherapy completion. 
Nevertheless, the relative thresholds for benefit are quite dis-
tinct. Breast cancer patients would need to be in the top 
20% of aerobic fitness to gain benefit, whereas they would 
only need to be in the top 80% of muscular strength to gain 
benefit. Practically speaking, it may be more realistic for 
breast cancer patients to improve their muscular strength 
from the bottom 20% to the top 80% than to improve their 
cardiovascular fitness from the bottom 80% to the top 20%. 
Consequently, modest strength training interventions in rela-
tively weak women may be more likely to improve RDI than 
high intensity aerobic exercise interventions in relatively fit 
women. Moreover, absolute thresholds may have more clini-
cal utility than relative thresholds. Based on our data, the 
top 20% of absolute  VO2peak corresponds to a score of 2.22 
L/min, whereas the top 80% of absolute chest strength cor-
responds to a score of 16.4 kg. If these absolute thresholds 
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are supported in future research, they may be used to guide 
clinical exercise programs designed to improve RDI.

Our study has strengths and limitations. Most notably, 
our study is the first to examine a comprehensive set of exer-
cise and health-related fitness predictors of chemotherapy 
completion in any cancer patient group. We had a large 
sample size, multicenter recruitment, no loss to follow-up, 
and high quality measures of body composition, cardiovas-
cular fitness, muscular strength, patient-reported physical 
functioning, and chemotherapy completion. Limitations of 
our study include the data-driven exploratory approach, no 
adjustment for multiple testing, no measure of lower body 
strength, the self-report measure of exercise behavior, and 
the lack of information on reasons for chemotherapy modifi-
cations. Perhaps the main shortcoming is that we used base-
line data from a randomized exercise trial which resulted 
in a select sample of healthier breast cancer patients, and 
also provided exercise interventions that occurred during 
the collection of the primary outcome. We did, however, 
adjust for randomization arm in the main analyses and also 
conducted sensitivity analyses excluding the UC group from 
START. Moreover, the select sample of healthier breast can-
cer patients may have worked against our hypotheses. Nev-
ertheless, future studies using observational cohort designs 
are needed to recruit a more representative sample of breast 
cancer patients and provide an unaltered test of baseline 
exercise and fitness measures as predictors of chemotherapy 
completion.

In summary, we examined exercise and health-related fit-
ness predictors of completing adjuvant chemotherapy for 
early stage breast cancer. Our results suggest that patients 
who are fitter and stronger may complete more of their 
planned chemotherapy. Further research is warranted to 
understand if and how exercise and health-related fitness 
variables may influence chemotherapy completion. Ulti-
mately, randomized trials of exercise interventions prior to 
chemotherapy (prehabilitation) are needed to determine if 
there are causal effects of exercise and health-related fitness 
on chemotherapy tolerability and outcomes.
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