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Abstract
Background: A higher chemotherapy completion rate is associated with better 
outcomes including treatment efficacy and overall survival. Exercise may have 
the potential to improve relative dose intensity (RDI) by reducing the frequency 
and severity of chemotherapy-related toxicities. We examined the association be-
tween exercise adherence and RDI and possible clinical- and health-related fit-
ness predictors of RDI.
Methods: Chemotherapy records were extracted from the electronic medical 
record for patients enrolled in the ENACT trial (n = 105). Chemotherapy com-
pletion was assessed using average RDI. A threshold of 85% was established for 
“high” versus “low” RDI. Logistic regression analyses were used to estimate the 
associations between the clinical- and health-related fitness predictors of RDI.
Results: Patients with breast cancer (BC) had a significantly higher average 
RDI (89.8% ± 17.6%) compared with gastrointestinal cancer (GI) (76.8% ± 20.9%, 
p = 0.004) and pancreatic cancer (PC) (65.2% ± 20.1%, p < 0.001). Only 25% of BC 
patents required a dose reduction compared to 56.3% of GI and 86.4% of PC pa-
tients. Cancer site was significantly associated with RDI. Compared with BC, 
patients with GI (β = −0.12, p = 0.03) and PC (β = −0.22, p = 0.006) achieved sig-
nificantly lower RDI. Every 2.72 unit increase in overall exercise adherence led 
to a significant 7% decrease in RDI (p = 0.001) in GI patients. Metastatic GI pa-
tients had a 15% RDI increase for every 2.72 unit increase in exercise adherence 
(p = 0.04).
Conclusion: Exercise is a supportive therapy that has potential to enhance chem-
otherapy tolerance and completion. The relationship between exercise adherence 
and RDI is influenced by factor such as cancer site and treatment type. Special 
attention must be paid to how exercise is prescribed to ensure that exercise adher-
ence does not negatively affect RDI. Cancer site, exercise dosage, and multimodal 
interventions to address toxicities are key areas identified for future research.
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1   |   INTRODUCTION

In 2021, approximately half of the estimated 1.9 million 
new cancer cases in the United States were planned to re-
ceive chemotherapy.1,2 Mounting evidence demonstrates 
the importance for patients to complete their prescribed 
chemotherapy treatment according to the planned sched-
ule.3–5 Insufficient chemotherapy completion, typically 
reported as relative dose intensity (RDI) of <85%, is associ-
ated with reduced treatment efficacy, reduced progression-
free survival, and increased risk of all-cause mortality.6,7 
Existing evidence reports that increasing age, obesity, and 
reduced ECOG physical performance status may be signifi-
cant contributors to incidences of reduced RDI.7,8

Exercise has been identified as a compelling support-
ive therapy that could help maximize RDI and reduce 
chemotherapy-related toxicities.9,10 In addition to im-
provements in physical and patient-reported outcomes, 
exercise has the potential to address chemotherapy dosing 
factors such as weight, performance status, and comor-
bidities.9,10 The accumulation of these potential benefits 
could help reduce healthcare utilization.10,11

The role of fitness capacity as a surrogate marker of 
overall health is understudied in relationship to RDI. To 
our knowledge, there are only two studies that report pre-
dictors of chemotherapy completion related to exercise 
participation or fitness. An et al. found that patients who 
performed in the highest 20% of VO2peak and highest 80% 
of chest strength were significantly more likely to achieve 
≥85% RDI.12 Similarly, Groen et al. reported that lower 
pretreatment physical fitness was associated with lower 
odds of achieving ≥85%, even after correcting for age.13

Few studies have evaluated the effect of exercise on RDI 
in mixed cancer sites, rather, focusing on a single cancer site.9 
However, cancer exercise physiologists routinely work with 
many cancer sites requiring studies that reflect the real-world 
value and practical realities of working in a clinical cancer 
care setting. Therefore, our objective was a post hoc analy-
sis of the ENACT trial to evaluate the association of exercise 
adherence with RDI. We were interested in the correlation 
between exercise adherence and RDI on a continuous basis, 
and describing the exercise adherence level associated with 
an RDI of >85%. Additionally, we performed an exploratory 
analysis of clinical- and health-related fitness variables to un-
derstand predictors of high RDI in patients with breast (BC), 
gastrointestinal (GI), and pancreatic (PC) cancer.

2   |   METHODS

The ENACT trial was a mixed methods pre-  and post- 
single group pragmatic trial to assess the feasibility and 
acceptability of embedding an exercise trainer into the 

chemotherapy infusion suite from the perspective of cli-
nicians and patients at the Penn State Cancer Institute 
(PSCI) (NCT03461471).14 The Penn State Human Subjects 
Protection Office and Institutional Review Board ap-
proved this protocol, and all patients provided written 
consent prior to any study-related activities.

2.1  |  Patient description

Patients had to be seen at PSCI for outpatient cancer infusion 
therapy, be 18 years of age or older, and be receiving infu-
sion therapy for a solid tumor, regardless of stage of cancer. 
Patients were excluded if they were pregnant, if there was 
evidence in the medical record of an absolute contraindica-
tion for exercise, or if the medical oncologist and/or exercise 
trainer identified a diagnosis that would make unsupervised 
exercise unsafe.14 This post hoc analysis included patients ac-
tively receiving outpatient chemotherapy for BC, GI, or PC. 
We chose to focus on these diagnoses due to the larger avail-
able sample size for each cancer site allowing for a compre-
hensive look into the relationship between exercise and RDI.

2.2  |  Measurements

Chemotherapy regimens including chemotherapy type, 
dosages, and duration were abstracted from the electronic 
medical record. Each chemotherapy infusion was re-
corded to track reductions in dose, dose delays, or missed 
doses. Information was recorded on chemotherapy regi-
mens based on the start date of when the patient was 
consented for participation in ENACT until the end of 
their primary treatment, coinciding with study duration 
of ENACT participation. Demographic and clinical infor-
mation (i.e., cancer site, disease stage, and comorbidities) 
were previously gathered from the electronic medical re-
cord at the time of consent for ENACT participation.

2.3  |  Relative dose intensity

RDI is a commonly used summary measure to describe 
dose reductions and/or delays during chemotherapy treat-
ment.6,15 RDI is calculated as the ratio of delivered dose 
intensity (dose actually administered over chemotherapy 
course) to the standard dose intensity (standard dose pre-
scribed over chemotherapy course), multiplied by 100 to 
calculate the percent RDI.16 A threshold of 85% was es-
tablished for “high” versus “low” RDI.9 For multi-agent 
chemotherapy regimens, RDI was calculated as a mean 
value of the individual RDIs from each agent in the regi-
men, which is the accepted methodology.16
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A dose reduction was defined as a patient experiencing 
a reduction of ≥15% in chemotherapy dose for at least one 
agent in any chemotherapy cycle relative to the planned 
standard dose.7 A dose delay was identified if there was a 
delay of seven or more days for at least one agent in any 
chemotherapy cycle relative to the planned date of admin-
istration.7 A missing dose was identified if a patient did 
not receive at least one agent that was part of the planned 
standard chemotherapy regimen. A missing dose was 
considered both a dose delay and dose reduction for that 
cycle, which is the common approach.7

2.4  |  Exercise intervention

The exercise intervention has been previously de-
scribed.14 Briefly, the main exercise prescription was 
home-based resistance training, which specified fre-
quency, intensity, and time for each exercise.14 Although 
resistance training was the main exercise prescription, 
aerobic exercise (ranging from 5 to 30 min/session) was 
incorporated for patients if they were deemed function-
ally capable. Patients were provided personalized exer-
cise logs and an exercise manual to track their exercises 
at home between infusion visits. Due to the pragmatic 
nature of the ENACT trial, each patients’ exercise pre-
scription was personalized based on different factors 
including baseline functionality and pre-existing co-
morbidities and symptomology. As there are no formal 
guidelines for exercise during active treatment, we ad-
vised that patients strive to complete at least 2 days per 
week of resistance training, and to complete additional 
exercise sessions if they felt “able” to. At each infusion, 
an exercise and cancer specialist reviewed the exercises 
and provided any necessary modifications. As multiple 
cancer sites were included in ENACT, different treat-
ment regimens were included, so patients met with the 
exercise and cancer specialist at different frequencies.

Exercise adherence was calculated as the proportion of 
completed exercise sessions (as indicated by completed and 
returned exercise logs) compared with the number of pre-
scribed exercise sessions. An exercise session was considered 
complete if the patient was able to complete at least two pre-
scribed exercises. We grouped patients into two groups based 
on their exercise adherence: <70% was considered low and 
≥70% was considered high based on the median split.

2.5  |  Statistical analysis

Descriptive statistics for overall and stratified by cancer 
type (BC, GI, and PC) were presented as frequencies (per-
centage, %) for categorical variables and mean (standard 

deviations, SD) for continuous variables. The normality 
assumption for continuous variables was checked based 
on Shapiro–Wilk tests, and if failed, log-transformation 
was applied (e.g., RDI). For group comparisons (cancer 
types; levels of exercise adherence) of categorical varia-
bles, chi-squared tests or Fisher's exact tests were used. For 
continuous variables, the two-sample t-tests or Wilcoxon 
rank sum tests were used for two-group comparisons, and 
the analysis of variance or the Kruskal–Wallis test were 
for three-group comparisons, as appropriate. To further 
evaluate the association of exercise adherence with RDI, 
multivariable regressions were performed for all patients 
combined and each cancer type, where potential con-
founding variables including metastasis and the number 
of comorbidities were considered. The back-transformed 
parameter estimates to the original scale of RDI with 95% 
confidence intervals and Wald test-based p-values were 
obtained. All hypothesis tests were two-sided with the sig-
nificance level of 0.05. Data were analyzed using R version 
4.2.1.

3   |   RESULTS

3.1  |  Participant description

Table  1 presents participant characteristics. The final 
analysis included 105 participants. Participants were 
on average 58 years old, 70% women, were majority 
Caucasian (94%), nonmetastatic (58%), had an ECOG 
score ≤2, reported little-to-no pain, and the majority pre-
sented with one or more comorbidities at study start. Of 
105 participants, 35 were diagnosed with BC (33%), 48 
were diagnosed with GI (46%), and 22 were diagnosed 
with PC (21%). There were no significant differences be-
tween cancer sites for age, race, or pain. Over 50% of BC 
patients were Stages I–III and nonmetastatic, whereas 
over 70% of GI and PC patients were Stages III and IV 
and metastatic.

3.2  |  Relative dose intensity, dose 
reductions, dose delays

Table  2 illustrates RDI across all patients and between 
cancer sites. Across all cancer sites, RDI was 78.7% ± 21.5% 
(mean ± SD). Average RDI for BC was 89.8% ± 17.6%, 
which was significantly higher than GI (p = 0.004) and PC 
(p < 0.001).

Overall, 52.4% (n = 55) of all patients required a dose 
reduction. A significantly lower proportion of patients 
with BC required a dose reduction (25.7%), compared with 
GI (p = 0.006) and PC (p < 0.001). Patients that required a 
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dose reduction averaged a RDI of 63.0% ± 18.4% and an 
exercise adherence of 62.8% ± 46.3%, whereas patients 
that did not require a dose reduction averaged a RDI of 
95.9% ± 5.3% and an exercise adherence of 57.5% ± 52.4%. 
In BC patients that required a dose reduction, mean RDI 

was 65.1% ± 18.8% and exercise adherence averaged was 
72.6% ± 56.8%. In GI patients, RDI averaged 63.1% ± 17.9% 
and exercise adherence was 60.7% ± 39.8%. In PC, RDI 
averaged 61.9% ± 19.7% and exercise adherence averaged 
61.1% ± 51.6%.

T A B L E  1   Participant characteristics.

Overall (n = 105) Breast (n = 35) GI (n = 48)
Pancreatic 
(n = 22) p-value

Age (years), mean ± SD 58.1 ± 11.6 54.8 ± 9.9 58.7 ± 12.1 62.1 ± 12.3 0.06

Sex, N (%)

Female 73 (69.5) 35 (100) 27 (56.3) 11 (50.0) <0.001

Male 32 (30.5) 0 (0) 21 (43.8) 11 (50.0)

Race, N (%)

White 99 (94.3) 33 (94.3) 45 (93.8) 21 (95.5) 0.86

Black 5 (4.8) 2 (5.7) 2 (4.2) 1 (4.5)

Other 1 (10) 0 (0) 1 (2.1) 0 (0)

Stage (1–4), N (%)

1 11 (10.5) 7 (20.0) 2 (4.2) 2 (9.1) <0.001

2 23 (21.9) 13 (37.1) 6 (12.5) 4 (18.2)

3 28 (26.7) 9 (25.7) 16 (33.3) 3 (13.6)

4 39 (37.1) 6 (17.1) 23 (47.9) 10 (45.5)

Unknown 4 (3.8) 0 (0) 1 (2.1) 3 (13.6)

Metastatic status, N (%)

Non-metastatic 61 (58.1) 28 (80.0) 22 (45.8) 11 (50.0) 0.005

Metastatic 44 (41.9) 7 (20.0) 26 (54.2) 11 (50.0)

ECOG (0–5), N (%)

0 69 (65.7) 26 (74.3) 31 (64.6) 12 (54.5) 0.10

1 23 (21.9) 5 (14.3) 13 (27.1) 5 (22.7)

2 5 (4.8) 0 (0) 2 (4.2) 3 (13.6)

Unknown 8 (7.6) 4 (11.4) 2 (4.2) 2 (9.1)

Pain (0–10), mean ± SD 0.94 ± 1.92 0.82 ± 1.86 0.73 ± 1.94 1.68 ± 1.89 0.17

Total # of comorbidities, mean ± SD; 
N (%)

1.2 ± 1.3 0.7 ± 0.8 0.9 ± 0.9 2.5 ± 1.7 <0.001

0 41 (39.0) 17 (48.6) 22 (45.8) 2 (9.1) 0.002

1 28 (26.7) 11 (31.4) 12 (25.0) 5 (22.7)

2+ 36 (34.3) 7 (20.0) 14 (29.2) 15 (68.2)

Abbreviation: GI; gastrointestinal.

T A B L E  2   Chemotherapy completion and modifications.

All cancer sites 
(n = 105)

Breast 
(n = 35)

GI 
(n = 48)

Pancreatic 
(n = 22)

p-value 
(breast 
vs. GI)

p-value 
(breast vs. 
pancreatic)

p-value 
(GI vs. 
pancreatic)

RDI, mean ± SD 78.7 ± 21.5 89.8 ± 17.6 76.8 ± 20.9 65.2 ± 20.1 0.004 <0.001 0.03

Dose reduction, N (%) 55 (52.4) 9 (25.7) 27 (56.3) 19 (86.4) 0.006 <0.001 0.01

RDI ≥85%, N (%) 50 (47.6) 26 (74.3) 21 (43.8) 3 (13.6) 0.006 <0.001 0.01

Dose delay, N (%) 26 (24.8) 3 (8.6) 16 (33.3) 7 (31.8) 0.009 0.03 0.90

Abbreviations: GI; gastrointestinal, RDI; relative dose intensity.
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Additionally, 24.8% (n = 26) of all patients required a 
dose delay of 1.1 ± 2.2 weeks on average. In those that re-
quired a dose delay, RDI averaged 69.4% ± 16.3% and exer-
cise adherence averaged 45.0% ± 38.7%. For BC patients, 
8.6% experienced a dose delay averaging 0.5 ± 1.1 weeks, 
a RDI of 70.7% ± 28.9%, and exercise adherence of 
15.0% ± 26.0%; 33.3% of GI patients experienced a dose 
delay averaging 1.2 ± 2.6 weeks, a RDI of 70.5% ± 14.7% 
and exercise adherence of 52.1% ± 41.7%; and 31.8% 
(n = 7) of PC patients experienced a dose delay averaging 
1.2 ± 1.9 weeks, a RDI of 66.1% ± 16.3% and exercise adher-
ence of 41.6% ± 32.7%.

3.3  |  Exercise adherence versus RDI

Figure  1 illustrates the relationship between exercise 
adherence and RDI category for all patients. Although 
34.3% of patients achieved 70% or higher exercise adher-
ence, only 47.2% of these patients achieved a high RDI of 
≥85%. Figure 2 illustrates RDI completion by cancer site. 
In BC, 74.3% (n = 26) of patients achieved a RDI of ≥85%, 
despite only 48.6% (n = 17) achieving ≥70% exercise ad-
herence (Figure  2A). In GI, 43.8% (n = 21) of patients 
achieved a RDI of ≥85%, despite 25.0% (n = 12) achiev-
ing ≥70% exercise adherence (Figure  2B). In PC, only 
13.6% (n = 3) of patients achieved a RDI of ≥85% and of 
the 31.8% (n = 7) of patients that achieved ≥70% exercise 
adherence, none of these patients achieved ≥85% RDI 
(Figure 2C).

3.4  |  Influence of exercise adherence 
on RDI

Comparison of the RDI between participants with low- 
versus high-exercise adherence shows no significant dif-
ference (p = 0.67), and holds true across BC (p = 0.31), GI 
(p = 0.99), and PC (p = 0.49) (Table 3). In all patients, there 
was no difference in average RDI in between nonadvanced, 
low-exercise adherence participants (83.8% ± 24.6%) 
compared with non-advanced, high-exercise adherence 
participants (83.4% ± 19.4%; p = 0.95) or in advanced, low-
exercise adherence (75.7% ± 21.5%) participants compared 
with advanced, high-exercise adherence (77.7% ± 19.8%; 
p = 0.72). There was also no difference in RDI for each 
cancer site for nonadvanced, low- versus high-exercise ad-
herence or for advanced, low- versus high-exercise adher-
ence (Table 3).

3.5  |  Dose delays and reductions

There was no difference in the proportion of patients who 
achieved a high RDI in the low- versus high-exercise ad-
herence groups (p = 0.95). The level of exercise adherence 
(low vs. high) did not have a significant effect on whether 
a patient received a dose reduction for BC (22.2% vs. 
29.4%, p = 0.63), GI (55.6% vs. 58.3%, p = 0.87), or PC pa-
tients (80% vs. 100%, p = 0.20).

The proportion of patients who received a dose re-
duction in nonadvanced, low-  versus high-exercise 

F I G U R E  1   Exercise adherence versus relative dose intensity (RDI)—All patients.
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adherence did not significantly differ for BC (22.2% vs. 
36.4%, p = 0.50), GI (33.3% vs. 33.3%, p = 1.00), or PC 
(40% vs. 100%, p = 0.26). The proportion of patients who 
received a dose reduction in advanced, low- versus high-
exercise adherence also did not significantly differ for BC 
(22.2% vs. 16.7%, p = 0.72), GI (60.0% vs. 60.0%, p = 1.00), 
or PC (90.0% vs. 100%, p = 0.25).

3.6  |  Predictors of 
chemotherapy completion

Cancer site was significantly associated with RDI. 
Compared with BC, patients with GI (β = −0.12, p = 0.03) 
and PC (β = −0.22, p = 0.006) achieve lower RDI. However, 
no significant associations between RDI and exercise ad-
herence (p = 0.11), metastatic stage (p = 0.25), or comor-
bidities (p = 0.41) were seen.

Several significant associations were observed 
(Table 4). For GI patients, every 2.72 [=exp (1)] unit in-
crease in overall exercise adherence led to a significant 
7% decrease in RDI (p = 0.001). There was a significant 
difference in RDI between metastatic and nonmetastatic 

patients where metastatic patients saw a 15% increase in 
RDI for every 2.72 unit increase in overall exercise adher-
ence (p = 0.04). Additionally, for every 2.72 unit increase, 
the number of pre-intervention comorbidities resulted in 
a 7% decrease in RDI (p = 0.05).

4   |   DISCUSSION

This pragmatic exercise trial provides important perspec-
tive on the role of exercise during chemotherapy for pa-
tients with BC, GI, and PC. To our knowledge, our study 
is the first to report on the chemotherapy completion rates 
and the influence of exercise adherence in multiple can-
cer groups. We reported that BC patients had significantly 
higher RDIs, regardless of the need for dose reductions and 
delays, compared to GI and PC patients. Furthermore, we 
found that exercise had no effect on RDI and that the level 
of exercise adherence did not have a positive effect on RDI. 
Rather, we found that with incremental increases in exer-
cise adherence, there are decreases in RDI in GI patients.

Our findings in BC align with the existing literature 
showing that BC patients routinely achieve high RDI. An 

F I G U R E  2   Exercise adherence versus relative dose intensity (RDI)—By cancer site. (A) Breast cancer. (B) GI cancer. (C) Pancreatic 
cancer. Dashed line indicates 85% cutoff for RDI.
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early randomized controlled trial (RCT) in 242 women 
with BC during adjuvant chemotherapy reported non-
significant differences in the proportion of patients who 
had an RDI >85% (resistance training group: 78% versus 
control group: 65.9%, p = 0.08).17 In a subsequent RCT of 
301 women with BC during adjuvant chemotherapy, three 
different exercise modalities elicited RDI rates of ≥85% for 
82%–88% of participants with no significant differences 
between group (p = 0.57).18 More recently, Mijwel et al.19 
showed in 240 women with Stages 1–3a BC that RDI 
across no exercise, high-intensity interval training plus 
resistance training, and high-intensity interval training 
plus endurance training were comparable at 86.7%, 86.5%, 
and 77.8%, respectively. Our results taken with previous 
evidence suggests that a ceiling effect exists for subsets 
of BC patients (i.e., younger age, Caucasian, and higher 
socioeconomic status)20 where decreases in RDI may be 
attributed to toxicities that may not have sufficient evi-
dence of being targetable by exercise such as GI distress, 
appetite changes, and chemotherapy-induced peripheral 
neuropathy.21

Patients in ENACT achieved a lower RDI of 76.8% com-
pared with previous exercise trial in GI patients. Van Vulpen 
et al.22 showed that in patients with colon cancer, supervised 
exercise elicited an increase in RDI of 82% versus 76% in the 
nonexercising control group. In the PACES trial,23 patients 
with colon cancer randomized to (1) home-based, low-
intensity physical activity, (2) moderate-  to high-intensity, 
combined resistance and aerobic exercise, or (3) usual care 
showed nonsignificant differences in RDI of 87%, 92%, and 
78%, respectively. The discrepancy in RDI in ENACT could 
be due to the inclusion of a larger variety of GI diagnoses, 
including colorectal and rectum, who may require more ad-
justments to their prescribed chemotherapy plan. However, 
a larger proportion of participants in the ENACT trial did 
not achieve a RDI ≥85% (56.2%). This is similar to the find-
ings of van Vulpen et al. with 65% of the exercise group un-
able to achieve a RDI ≥85%.22 Our results also show that for 
GI patients, higher amounts of exercise may have a negative 
effect on RDI. It could be that the combination of aggressive 
chemotherapy and its related side-effects may be too over-
whelming physiologically to be countered solely by exercise 
and may require additional support. To our knowledge, this 
study is the first to report that higher exercise adherence 
may be a contraindication to chemotherapy completion for 
certain patients and that “more exercise is better” may not 
be the general, overarching advice to prescribe to all patients 
during treatment. Rather, our results may indicate that the 
type of exercise prescribed in ENACT might not have been 
the most appropriate. Although higher exercise adherence 
levels in certain cancer sites resulted in decreases in RDI, 
it is important to acknowledge that the decreases seen in 
RDI were not clinically significant (≥15%).6,7 This reinforces T
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that exercise is feasible and safe during active chemotherapy 
treatment and that special attention must be paid to the type 
and dosing of exercise.

Patients in ENACT with PC achieved significantly lower 
RDI compared with BC and GI, aligning with the existing 
evidence.24,25 The low RDI seen by PC patients may also be 
due to high toxicities and greater modifications due to differ-
ent individual drugs in a treatment protocol. For example, 
Kobayashi et al. reported RDIs for four separate agents in 
the FOLFIRINOX treatment protocol, which ranged from 
23.4% to 76.9%, demonstrating poor adherence to the che-
motherapy plan.26 In a recent meta-analyses,27 12 studies 
with a total of 300 participants were reviewed on the effects 
of exercise on various functional and patient-reported out-
comes with no studies reporting the inclusion of chemo-
therapy completion. Our results are suggestive that exercise 
might be valuable for improving chemotherapy tolerance in 
PC, but our sample size was too small to draw conclusions.

Future research should consider a multimodal inter-
vention that address chemotherapy-related effects, such 
as nausea and vomiting, reflux and eating restriction, and 
chemotherapy-induced peripheral neuropathy,28,29 that 
exercise alone cannot. It is possible that these types of 
toxicities would reduce chemotherapy dose and exercise 
adherence. In that situation, both the chemotherapy dose 
reduction and exercise adherence reduction would have 
the same cause, but exercise may not have any impact on 
these particular toxicities. Multimodal interventions may 
be especially important in cancers that receive more toxic 
and aggressive treatment regimens such as GI and PC 
where different interventions might need to take prece-
dent at different stages of treatment to aid chemotherapy 
tolerance.

5   |   LIMITATIONS

This study has a few limitations. Our analysis is a second-
ary analysis of chemotherapy completion rates versus a 
real-time collection of chemotherapy treatment regimens, 
similar to previous studies that did not include RDI as a 
primary outcome. Collection in real-time would allow for 

more accurate data and for collection of the adverse events 
that alter a patient's treatment regimen. Furthermore, our 
findings are an aggregation of patients from three cancer 
sites with different chemotherapy treatment regimens. 
Although this was done to reflect the practicalities of 
working in a clinical oncology setting, future similar re-
search should target specific treatment regimens within 
the different cancer sites to reduce heterogeneity.

6   |   CONCLUSION

Exercise is a multifaceted and effective supportive therapy 
that can lend to the success of a patient's physical and psy-
chosocial well-being and potentially their chemotherapy 
tolerance and completion. RDI is influenced by a num-
ber of factors including exercise adherence. Although in-
creased exercise adherence may not be directly associated 
with increased RDI, more exercise does not pose a safety 
concern for patients receiving active chemotherapy treat-
ment. Future exercise trials during active chemotherapy 
treatment should consider: (1) the cancer group and their 
concomitant treatment; (2) the specifics of exercise dosing 
and how to address chemotoxicities that prevent exercise; 
and (3) multimodal interventions to address toxicities that 
will work alongside exercise to aid in addressing RDI.
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T A B L E  4   Predictors of RDI.

Log_overall_adherence Metastatic versus non-metastatic # of comorbidities

Exp(estimate) ± SE p-value Exp(estimate) ± SE p-value Exp(estimate) ± SE p-value

Breast 1.012 ± 0.028 0.67 0.944 ± 0.108 0.62 1.013 ± 0.060 0.83

GI 0.930 ± 0.020 0.001 1.156 ± 0.079 0.04 0.929 ± 0.034 0.05

Pancreatic 1.005 ± 0.032 0.88 1.013 ± 0.114 0.91 0.978 ± 0.032 0.51

Abbreviations: GI; gastrointestinal, RDI; relative dose intensity.
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