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ABSTRACT

GROEN,W. G., W. R. NAAKTGEBOREN,W. H. VANHARTEN, J. K. VANVULPEN, N. KOOL, G. S. SONKE, E. VANDERWALL,

M. J. VELTHUIS, N. K. AARONSON, A. M. MAY, and M. M. STUIVER. Physical Fitness and Chemotherapy Tolerance in Patients with

Early-Stage Breast Cancer.Med. Sci. Sports Exerc., Vol. 54, No. 4, pp. 537-542, 2022. Introduction:Anoptimal relative dose intensity (RDI) of

adjuvant chemotherapy is associated with better survival in patients with breast cancer. Little is known about the role of physical fitness in attaining an

adequate RDI in patients with early-stage breast cancer.We investigated the association between pretreatment physical fitness and RDI in this population.

Methods:We pooled individual patient data from two randomized exercise trials that studied exercise programs in early breast cancer: the Physical Ex-

erciseDuringAdjuvant ChemotherapyEffectiveness Study (n= 230) and the Physical Activity duringChemotherapyTreatment (n=204) study. Logistic

regression models were used to evaluate the association between pretreatment fitness and achieving an optimal RDI (≥85%). In addition, we added an

interaction term to the model to explore the potential moderating effect of participating in an exercise program.Results:Data were available for 419 pa-

tients (mean age at diagnosis, 50.0 ± 8.6 yr). In the total sample, lower pretreatment physical fitnesswas associatedwith significantly lower odds of achiev-

ing≥85%RDI: age-adjusted odds ratio (OR)of 0.66 (95%confidence interval (CI), 0.46–0.94). In patients allocated to the supervised exercise intervention

during chemotherapy (n=173), the association between pretreatment physical fitness andRDIwas almost completelymitigated (OR, 0.95 (95%CI, 0.54–

1.56)), whereas it wasmore pronounced in patientswho received care as usual (n= 172;OR, 0.31 (95%CI, 0.13–0.63);Pinteraction = 0.022).Conclusions:

Early-stage breast cancer patients with relatively lower levels of pretreatment physical fitness have lower odds of achieving an optimal dose of chemother-

apy. Given that physical fitness is modifiable and our results suggest that following a moderate-to-high intensity exercise training during chemotherapy
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could improve treatment completion, clinicians should not refrain from referring patients to supportive exercise programs because of low fitness. Key

Words: BREAST CANCER, CHEMOTHERAPY, CLINICAL CANCER RESEARCH, PHYSICAL FITNESS

Over the past decades, 5-yr breast cancer survival rates
have continued to improve and are currently higher
than 90% in the Netherlands for stage I and II breast

cancer (1). Improvement in chemotherapy is considered as
one of the key elements that have contributed to this increased
survival rate (2). The amount of chemotherapy received is of-
ten expressed as relative dose intensity (RDI), which is the ra-
tio of the actual versus the planned dose intensity (DI). In the
adjuvant setting, an RDI of 85% is a widely accepted thresh-
old, as patients who achieve this threshold have a greater like-
lihood of improved outcomes, including recurrence-free and
overall survival (3). Failure to achieve the 85%RDI is reported
in over a quarter of breast patients, mostly due to toxicity, even
in the current era of adequate supportive care (e.g., effective
antiemetics) and tailored treatment regimens (4). In a study
of more than 10,000 breast cancer patients treated with con-
temporary chemotherapy regimens, dose delay ≥7 d or dose re-
duction of ≥15% was observed in 36% and 35% of the cases,
respectively (3). Hence, strategies to increase the likelihood of
achieving 85% RDI in this patient population are warranted.

Currently, breast cancer patients at risk of not completing
their planned chemotherapy treatment are the elderly and those
with poor performance status (3). There is also some evidence
that pretreatment low lean body mass (5,6) and low self-reported
exercise levels are related to decreased chemotherapy comple-
tion rates (7), whereas exercise during chemotherapy might
have a beneficial effect on treatment tolerance. The latter
was observed in the randomized Physical Exercise DuringAd-
juvant Chemotherapy Effectiveness Study (PACES), in which
dose adjustments occurred less frequently in the exercise
groups compared with the controls (8). Recently, first evi-
dence was provided that pretreatment physical fitness was as-
sociated with better chemotherapy tolerance (9). Whether sub-
sequent participation in an exercise program modifies this as-
sociation has not been investigated.

Therefore, we conducted a secondary analysis of data from
two randomized controlled trials, including PACES, that eval-
uated the effects of a supervised exercise program during adju-
vant chemotherapy for early-stage breast cancer. We assessed
the association between pretreatment physical fitness and
completing chemotherapy treatment (attaining >85% RDI).
In addition, we explored whether participating in an exercise
program modifies this association.

METHODS

Setting and participants. Data from the Physical Activ-
ity during Chemotherapy Treatment (PACT) study and PACES
were used for the current analysis. The study design and results
of the PACT study (10–12) and PACES (8,13) have been pub-
lished elsewhere. In brief, the original multicenter studies were

both conducted in the Netherlands between 2009 and 2013 and
investigated the effect of an exercise program during adjuvant
chemotherapy on fatigue, cardiorespiratory fitness, quality of
life, and further secondary outcomes. In the PACT study, breast
cancer patients were randomly allocated to either an 18-wk
moderate-to-high-intensity, supervised exercise program (n = 102)
or a usual care (UC) control group (n = 102). PACES had
two intervention groups and a UC control group (n = 77). The
interventions in PACES were a low-intensity, home-based ex-
ercise program (n = 77) and a moderate-to-high intensity super-
vised exercise program (n = 76). The latter was rather similar to
PACT’s intervention, both comprising two combined aerobic
and resistance exercise sessions per week. In addition, partic-
ipants allocated to these study arms were asked to be physi-
cally active for at least 30 min·d−1 for 5 d·wk−1. In both stud-
ies, adherence to the exercise program was recorded by case
report files. The attendance rates for the supervised exercise
sessions were 83% and 71% in PACT and PACES, respec-
tively (8,11). In PACT, the intervention started within 6 wk af-
ter diagnosis with a fixed duration of 18 wk. The PACES in-
terventions started before chemotherapy and continued until
3 wk after chemotherapy. Inclusion criteria for PACT and
PACES were comparable and comprised a histological diag-
nosis of early breast cancer; being scheduled for adjuvant che-
motherapy; having no contraindications for physical activity
in terms of malnutrition, serious orthopedic, cardiovascular,
or pulmonary diseases; and having basic fluency in the Dutch
language. For PACT, patients had to be age between 25 and
75 yr, whereas PACES did not have any age restrictions. Patients
were excluded from PACT if they had a Karnofsky performance
status score <60. All subjects provided written informed consent,
and the PACT and PACES studies were approved by the institu-
tional review boards of the University Medical Center Utrecht
and The Netherlands Cancer Institute respectively.

Studymeasures. Treatment data were extracted from the
medical records. This included planned and actually adminis-
tered chemotherapy (type, dose, and duration). For each agent,
both the planned and actual DI were calculated by dividing the
total cumulative dose, expressed in milligrams per meter
squared body surface area, by treatment duration in weeks
(14). These analyses were limited to chemotherapeutic agents
and thus not incorporate the usage of monoclonal antibodies
(i.e., trastuzumab). Treatment duration was calculated as the
duration between the first day of chemotherapy administration
and the day of completion of the last cycle. RDI was calculated
by dividing actual DI by planned DI and was expressed as a
percentage. An overall RDI per regimen was calculated by av-
eraging the RDI of all agents included in that regime, regard-
less whether agents were given simultaneously or as a sequen-
tial drug combination (14). In case a switch from one type of
chemotherapy to another occurred, RDI for the first and

http://www.acsm-msse.org538 Official Journal of the American College of Sports Medicine

C
LI
N
IC
A
L
SC

IE
N
C
ES

http://www.acsm-msse.org


remaining part of the new regimen was calculated separately
and averaged to obtain one RDI per patient.

Physical fitness was assessed in PACT and PACES before
randomization and after the exercise intervention had been
completed. In the PACT study, a cardiopulmonary exercise
test with continuous breathing gas analysis was used, where
cycling workload was increased every minute by 10, 15, or
20W till exhaustion, a symptom limitation, or at the discretion
of the supervising physician. Peak oxygen uptake (V̇O2peak)
was defined as the average value for the last 30 s before ex-
haustion and was expressed in milliliters per kilogram per
minute. In PACES, physical fitness was assessed with a Steep
Ramp Test. After a 3-min warm-up at 10 W, resistance in-
creased by 25 W per 10 s until exhaustion and until the revo-
lutions per minute dropped below 60 despite strong verbal
encouragement. The outcome of this test, the maximum short
exercise capacity (MSEC), is defined as the highest workload
achieved before patients can no longer maintain a cadence
>60 rpm. A more detailed description of both tests is provided
in the protocol papers of the original studies (10,13). The out-
comes of the cardiopulmonary exercise test (V̇O2peak) and
Steep Ramp Test (MSEC) have been shown to be highly cor-
related (ranging from 0.73 to 0.86) in healthy and patient pop-
ulations including cancer survivors (15–20).

Statistical analyses.A binary threshold of 85% RDI per
chemotherapy regimen was used as the outcome variable. This
was chosen on the basis of the predictive value of this thresh-
old in terms of overall survival in the adjuvant treatment set-
ting (21). Baseline characteristics were computed for the
overall cohort and expressed as means (SD) or frequencies
(percentages).

Measurements for fitness, expressed either as V̇O2peak (PACT)
or MSEC (PACES), were converted into z scores by subtracting
the mean and then dividing by the SD. Binary logistic regression
models were usedwith z scores for fitness as the explanatory var-
iable and RDI (<85%/≥85%) as the dependent variable. Potential
confounders for these analyses were defined a priori using di-
rected acyclic graphs (22) and included age, body mass index,
presence or absence of comorbidities, breast cancer subtype
(triple negative; HR+/Her2Neu−; HR−/Her2Neu+, HR+/
Her2Neu+). Potential confounders were only included as co-
variates in the analyses if they were associated with both the
explanatory and the outcome variables in the data, as based
on the point estimates of association regardless of statistical
significance, and changed the estimate of the odds ratio (OR)
for the central determinant by >10% when added to the model
(23). All models were adjusted for study (PACT or PACES). A
nonlinear term (restricted cubic spline) was used to investigate
a possible threshold effect of physical fitness on 85% RDI%.

To explore whether participation in a moderate-to-high-
intensity exercise program modifies the association between
pretreatment fitness and 85% RDI, we added an interaction
term to the adjusted model. All exercise analyses were on an
intention-to-treat basis and limited to the moderate-to-high-
intensity supervised exercise and UC groups only, because the
home-based exercise group of PACES was too small. ORs and

their 95% confidence intervals (95%CI) were calculated for each
group, including the low-intensity, home-based group of PACES,
separately (the latter only for exploratory purpose).

All data were analyzed with R (version 3.4.3) and Rstudio
software (Version 1.2.5001; Rstudio Inc., Boston, MA). A two-
sided P value of 0.05 was considered statistically significant.

RESULTS

Participants. A total of 434 breast cancer patients partic-
ipated in PACT or PACES, of whom 22 were excluded from
the current analysis because of the absence of sufficient infor-
mation on chemotherapy regimen (n = 10) or because no base-
line fitness test had been performed (n = 5). Characteristics of
the total sample (n = 419) are presented in Table 1.

The most frequently administrated chemotherapy regimen
was the combination of docetaxel, doxorubicin, and cyclo-
phosphamide, followed by a sequential treatment regimen that

TABLE 1. Baseline characteristics of the combined study of the PACT and PACES studies of
patients with breast cancer receiving adjuvant chemotherapy.

All Patients

(n = 419)

Mean SD

Age (yr) 50.0 8.6
Height (m) 168.4 6.5
Weight (kg) 73.8 13.7
BMI (kg·m−2) 26.0 4.6
MSEC (W; n = 222)a 255.4 48.9
V̇O2peak (mL·min−1·kg−1; n = 197)b 23.8 5.25

Pct. n

Original study
- PACT 47.0 197
- PACES 53.0 222

Study arm
- PACT: intervention 23.9 100
- PACT: control 23.2 97
- PACES: supervised, high-intensity 17.4 73
- PACES: home-based, low-intensity 17.6 74
- PACES: care as usual 17.9 75

Presence of comorbidities (%) 22.0 92
T stage
- 1 55.4 232
- 2 38.9 163
- 3 4.1 17
- 4 1.0 4
- Missing 0.7 3

N class
- 0 43.9 184
- 1 46.8 196
- 2 6.7 28
- 3 2.6 11

Receptor status
- Triple negative 17.4 73
- HER+, ER, or PR+ 17.2 72
- HER+, ER, or PR− 5.5 23
- HER−, ER, or PR+ 60.0 250

Type of chemotherapy
- TAC 32.9 13
- FEC or AC 14.3 60
- AC/EC, followed by taxanes 26.3 110
- 3 FEC + docetaxel 23.4 98
- Other 3.1 11

aOnly for PACT participants.
bOnly for PACES participants.
AC, doxorubicin, cyclophosphamide; BMI, body mass index; FEC, 5-FU, epirubicin, cyclo-
phosphamide; TAC, docetaxel, doxorubicin, cyclophosphamide.
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comprises an anthracycline (doxorubicin or epirubicin) and
cyclophosphamide, followed by either docetaxel or paclitaxel.
More detailed information on chemotherapy regimens is pro-
vided in Supplemental Digital Content 1 (see Table, Supple-
mental Digital Content, chemotherapy regimens, http://links.
lww.com/MSS/C454).

In total, 43 patients (10.3%) did not achieve ≥85% RDI
(Table 2). Most common reasons for poor chemotherapy
tolerance were neuropathy (n = 11; 25.6%), nausea and/or
vomiting (n = 5; 11.6%), myelosuppression (n = 4; 9.3%), car-
diac signs and/or symptoms (n = 4; 9.3%), and malaise (n = 4;
9.3%). For n = 8 (18.6%), the specific reason for dose modifi-
cation was not reported.

Association between fitness andRDI.When adjusted
for study, lower pretreatment physical fitness was associated
with lower odds of achieving ≥85% RDI: OR of 0.60 (95%
CI, 0.42–0.84). There was no indication of nonlinearity
(P = 0.80), suggesting no threshold effect. Of the possible
confounders assumed within the causal model, only age was
associated with both determinant and outcome. When correcting
for age and study, low pretreatment physical fitness remained as-
sociated with not achieving RDI ≥85%: OR of 0.66 (95% CI,
0.46–0.94).

Participation in a supervised exercise program significantly
modified the association between baseline fitness and RDI
≥85% (Pinteraction = 0.022). In subsequent stratified analyses,
for participants of the moderate-to-high intensity supervised
exercise program (n = 173) and the low-intensity home-
based exercise program of PACES (n = 74), pretreatment
physical fitness was not associated with an RDI ≥85%: OR
of 0.95 (95% CI, 0.54–1.56) and OR of 0.88 (95% CI, 0.38–
2.09), respectively. In contrast, in patients allocated to the
UC groups (n = 172), the association between lower pretreat-
ment physical fitness and not reaching RDI ≥85% was more
pronounced: OR of 0.31 (95% CI, 0.13–0.63; Table 3).

DISCUSSION

In the present study, we found that breast cancer patients
with lower pretreatment physical fitness had a lower likeli-
hood of completing chemotherapy as planned. Accordingly,
assessing pretreatment physical fitness could aid in identifying
those at risk for not completing chemotherapy. This subgroup
of patients is in need of supportive care and might benefit from
an exercise program. Our explorative analysis supports the
idea that a moderate-to-high-intensity exercise program might

mitigate the association between low pretreatment physical fit-
ness and not achieving sufficient RDI. Although the current
evidence for the effectiveness of exercise programs to improve
treatment completion is inconclusive, with few other options
available to improve physical fitness, and considering that ex-
ercise is safe for cancer patients (24) and has many positive ef-
fects on chemotherapy-related symptoms (e.g., fatigue) (24),
referral to an exercise program could be considered, even, or
maybe especially, for patients with lower pretreatment fitness.

When considering the known association between attaining
at least 85% RDI and efficacy of chemotherapy in terms of
survival and disease progression, the findings of this study
point out the importance of pretreatment fitness. Recently, it
was shown that patients with RDI <85% have a 38% increased
risk of dying from breast cancer compared with those with
RDI ≥85%. (25) Accordingly, sufficient baseline fitness, or af-
ter an exercise program during chemotherapy to mitigate the
risk of not achieving 85% RDI due to compromised baseline
fitness, can be related to improved survival for early-stage
breast cancer patients. Indeed, Courneya et al. (26) found, in
an exploratory follow-up analysis (median of 7.5 yr) of their
randomized exercise trial during chemotherapy, that disease-
free survival tended to be higher in patients who had been al-
located to an exercise group during treatment, as compared
with those who were allocated to the control group (disease-
free survival, 82.7% vs 75.6%, respectively; hazard ratio
(HR), 0.68; 95% CI, 0.37–1.24). Hayes et al. (27) found sim-
ilar HR for disease-free survival in their follow-up of two
exercise trials (HR, 0.66, 95% CI, 0.38–1.17; P = 0.16).
Although these studies are clearly underpowered for such
analyses, they show consistent results.

Our findings that higher pretreatment physical fitness is as-
sociated with a lower risk of dose modifications is in line with
a recently published study (9). This secondary analysis of the
previously conducted START and CARE study showed that
breast cancer patients in the highest 20% versus lowest 80%
of absolute V̇O2peak were approximately two times more likely
to achieve 85% RDI (9). Given that this analysis included
breast cancer patients recruited between 2002–2005 (START)
and 2008–2011 (CARE), our results complement this study by
demonstrating that, in women treated with contemporary che-
motherapy regimens where chemotherapy tolerance is higher
(~80% vs ~90% achieved RDI ≥85% respectively), pretreat-
ment physical fitness remains a significant factor associated

TABLE 3. The association between baseline physical fitness and not achieving ≥85%RDI of
the chemotherapy regime as planned.

Overall Analysis
n Included
in Analysis OR 95% CI

Baseline physical fitness 419 0.66 0.46–0.94
Stratified analyses per randomizationa

Supervised, moderate-to-high-intensity
exercise program

173 0.95 0.54–1.56

Home-based, low-intensity exercise programb 77 0.88 0.38–2.09
Care as usual 169 0.31 0.13–0.63

All presented results are adjusted for age and study (PACT vs PACES).
aParticipation in a supervised, moderate-to-high exercise program moderates the associa-
tion between baseline physical fitness and RDI ≥85% (Pinteraction = 0.022).
bThis group consists of PACES participants only.

TABLE 2. Reasons for not achieving ≥85% RDI of the chemotherapy regime as planned.

n Pct.

Neuropathy 11 25.6%
Nausea and/or vomiting 5 11.6%
Myelosupression 4 8.3%
Cardiac signs and/or symptoms 4 8.3%
Malaise 4 8.3%
Own initiative 3 7.0%
Febrile neutropenia 3 7.0%
Gastro-intestinal symptoms 1 2.3%
Unknown 8 18.6%
Total 43 100.0
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with chemotherapy completion. Moreover, we found that
physical exercise, and specifically exercise with a moderate-
to-high intensity, modified the association between pretreat-
ment physical fitness and chemotherapy tolerance, suggesting
that the subgroup of patients with lower pretreatment physical
fitness might benefit from referral to an exercise program.

Our finding that patients with relatively low physical fitness
have lower odds of completing chemotherapy may be, at least
to some extent, related to the amount and quality of skeletal
muscle mass. In patients with breast cancer, it has been shown
that a higher relative lean mass is associated with a lower risk
of chemotherapy modifications (5) and that skeletal muscle
gauge (product of muscle quantity and quality) is associated
with severe toxicities and hospitalization (6). Similar results
have also been reported for colorectal cancer patients (28,29).
Nevertheless, in a recent pooled analysis of two exercise trials
(n = 543 breast cancer patients), body composition, including
lean bodymass, was not found to be associatedwith chemother-
apy tolerance (9). The authors speculate that their relative fit
and healthy study sample could explain this discrepancy in re-
sults. Further studies are warranted to document whether stan-
dard chemotherapy dosing to body surface area, compared with
lean mass, is more likely to result in toxicities in patients with
relatively low lean body mass. It has been proposed that stan-
dard chemotherapy dosing in relation to body surface area,
compared with lean mass, may more easily lead to toxicities
in patients with relatively low lean body mass. In addition, en-
durance exercise may protect the muscle from anthracycline-
induced atrophy (30–32), but it is currently unknown if this re-
lates to better chemotherapy completion rates.

In the explorative analysis, we found that exercise might
counteract the increased risk of compromised pretreatment
physical fitness. To date, few exercise trials have analyzed che-
motherapy completion, and these show mixed results. A sys-
tematic review concluded that evidence is not sufficient to af-
firm that exercise has an effect on chemotherapy completion
rate (33). This was corroborated by a more recent analysis by
Mijwel et al. (32) of the OptiTrain study, in which no beneficial
effect of aerobic nor resistance training on chemotherapy com-
pletion was found. Also, Kirkham et al. (34) found no differ-
ence in frequency of dose adjustments for the total sample of
breast cancer patients in their nonrandomized study comparing
combined strength and endurance exercise with historical
controls who received care as usual. They did, however, find
significantly less dose adjustments for regimens containing
doxorubicin in the exercise group (34). Nonetheless, in the re-
ported studies, chemotherapy completion was a secondary
outcome. In addition, pretreatment physical fitness was not in-
corporated in any of these analyses, and it is conceivable that
participants of these trials were relatively healthy (35). There-
fore, in light of our results indicating that those with lower

pretreatment physical fitness levels are more likely to benefit
from an exercise program, future studies with chemotherapy
completion as a primary outcome and a representative study pop-
ulation for the breast cancer population as whole are required
to pertain an effect of exercise on chemotherapy completion.

The major strength of our study lies in the availability of a
large patient sample, derived from randomized controlled
trials, thereby providing detailed information on physical
fitness and chemotherapy data. Although our results are
based on secondary analyses of two different studies, we ad-
justed for study in our analyses and we used z scores for the
outcomes of interest.

As limitations, we would note that home-based exercise
group of the PACES trial was relatively small prohibiting a
proper dose–response analysis for that subgroup. Also, the
two different yet highly correlated measures were used to as-
sess physical fitness in the two studies: V̇O2peak (PACT) or
MSEC (PACES). The impact on our analyses was, however,
limited by using a z score for physical fitness measurements
and adjusting our analyses for original study participation
(PACT vs PACES). Furthermore, our data need to be interpreted
with some caution, given the fact that the confidence intervals
around the ORs for both the high- and low-intensity exercise
groups overlap slightly with those of the UC groups. Last, we
cannot rule out the possibility that clinicians selected chemother-
apy regimens according to pretreatment physical fitness (i.e.,
those with lower fitness receive less intense regimens), which
could have diluted our results.

CONCLUSIONS

Despite these cautionary remarks, the results of our study
clearly suggest that in patients with early-stage breast cancer,
a lower level of physical fitness at the start of adjuvant chemo-
therapy is associated with a higher risk of not attaining 85%
RDI, thereby compromising long-term patient outcome. Phys-
ical exercise while receiving chemotherapy, and specifically
exercise with moderate to high intensity, might mitigate this
association. Hence, assessing pretreatment physical fitness is
of importance to identify those patients at risk for not complet-
ing chemotherapy and who might therefore gain additional
benefit from an exercise program as supportive care.

The PACES study was supported by the Alpe d’Huzes/Dutch
Cancer Society (Grant No. ALPE-2009-4299), the CZ Fund, Zilveren
Kruis Achmea, and the Comprehensive Cancer Centre of the
Netherlands. The PACT study was supported by The Netherlands
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ject number: 171002202), the Dutch Cancer Society (project number:
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C100). The results of the present study do not constitute endorsement
by the American College of Sports Medicine, and we declare that the
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