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ABSTRACT

PURPOSE Successful completion of chemotherapy is critical to improve breast cancer
outcomes. Relative dose intensity (RDI), defined as the ratio of chemotherapy
delivered to prescribed, is a measure of chemotherapy completion and is as-
sociated with cancer mortality. The effect of exercise and eating a healthy diet
on RDI is unknown. We conducted a randomized trial of an exercise and nu-
trition intervention on RDI and pathologic complete response (pCR) in women
diagnosed with breast cancer initiating chemotherapy.

METHODS One hundred seventy-three women with stage I-III breast cancer were ran-
domly assigned to usual care (UC; n 5 86) or a home-based exercise and nu-
trition intervention with counseling sessions delivered by oncology-certified
registered dietitians (n 5 87). Chemotherapy dose adjustments and delays and
pCR were abstracted from electronic medical records. T-tests and chi-square
tests were used to examine the effect of the intervention versus UC on RDI
and pCR.

RESULTS Participants randomly assigned to intervention had greater improvements in
exercise and diet quality compared with UC (P < .05). RDI was 92.9% 6 12.1%
and 93.6% 6 11.1% for intervention and UC, respectively (P 5 .69); the pro-
portion of patients in the intervention versus UC who achieved ≥85% RDI was
81%and 85%, respectively (P 5 .44). The proportion of patientswho had at least
one dose reduction and/or delay was 38% intervention and 36% UC (P 5 .80).
Among 72 women who received neoadjuvant chemotherapy, women randomly
assigned to intervention were more likely to have a pCR than those randomly
assigned to UC (53% v 28%; P 5 .037).

CONCLUSION Although a diet and exercise intervention did not affect RDI, the intervention
was associated with a higher pCR in patients with hormone receptor–positive/
human epidermal growth factor receptor 2–negative and triple-negative breast
cancer undergoing neoadjuvant chemotherapy.

INTRODUCTION

Advances in chemotherapy have contributed to decreased
mortality in women with early-stage breast cancer.1 Com-
pletion of chemotherapy is critical to improve outcomes.
Relative dose intensity (RDI), a measure of chemotherapy
completion, is the ratio of the amount of chemotherapy
delivered versus the amount initially prescribed, ac-
counting for dose intensity and duration of drugs.2 An
RDI <85% is a common clinical threshold whereby

chemotherapy effectiveness and prognosis significantly
worsen.3 Low RDI (<85%), primarily because of treatment
side effects, is observed in 26% and 32% of women with
breast cancer who receive conventional and dose-dense
chemotherapy regimens, respectively.4

Higher levels of physical activity (PA) and better diet quality
are associated with lower breast cancer mortality in ob-
servation studies.5-7 It is hypothesized that this occurs
via improved metabolic and inflammatory biomarkers.8,9
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Numerous organizations recommend a healthy diet, and
aerobic and resistance exercise after completing cancer
treatment.10-12 At diagnosis, many patients have low PA
levels and suboptimal diets,13 and treatment often worsens
these lifestyle behaviors.14

PA and optimal nutrition may improve RDI. Sarcopenia (low
muscle mass) at diagnosis has been associated with lower
RDI and higher overall mortality.15 Cancer and its treatment
exacerbate muscle loss16; exercise interventions during
treatment could preserve muscle and in turn improve RDI.
Nutrition impact symptoms (NISs), such as fatigue, nausea,
vomiting, oral mucositis, dysphagia, xerostomia, and de-
creased appetite, make it difficult to eat well, potentially
affecting chemotherapy completion.17 It is estimated 80% of
women with breast cancer have at least one NIS at 1 month
after starting chemotherapy.18

Recent ASCO guidelines recommend exercise during active
treatment on the basis of evidence that exercisemaintains or
improves cardiorespiratory fitness, strength, fatigue, and
other patient-reported outcomes.19 However, there were
little data evaluating the impact of exercise interventions on
RDI to inform these guidelines. Exercise improved RDI in
women with breast cancer in two trials,20,21 while several
trials in other cancer populations did not show a significant
impact.22 RDIwas a secondary outcome in all these trials. One
recent exercise trial with RDI as the primary end point in
patients with colon cancer is being conducted.23 Dietary
interventions during cancer treatment are limited and, to our
knowledge, there are no published nutrition trials onRDI as a
primary end point.

If exercise and a high-quality diet improve RDI, they could
improve breast cancer prognosis. Pathologic complete re-
sponse (pCR), defined as disappearance of all invasive cancer
in the breast after completion of neoadjuvant chemotherapy,

is an important prognostic measure.24 We are not aware of
any trials of exercise and/or diet on pCR in patients with
breast cancer.

Given high rates of chemotherapy side effects and subop-
timal chemotherapy completion rates, we examined the
effect of a home-based exercise and nutrition intervention
versus usual care (UC) on RDI in women diagnosed with
breast cancer initiating chemotherapy. A secondary end
point was pCR in those receiving neoadjuvant chemotherapy.

METHODS

Study Design

The Lifestyle, Exercise, and Nutrition Early After Breast
Cancer (LEANer) study was a two-arm randomized trial
comparing a nutrition and exercise intervention versus UC
on RDI (primary aim) and pCR (secondary aim for neo-
adjuvant chemotherapy patients) at the postchemotherapy
time point.25 This study was approved by the Yale and the
Dana-Farber/Harvard Cancer Center Institutional Review
Boards. All participants signed informed consent. LEANer is
registered at ClinicalTrials.gov identifier: NCT03314688.

Eligibility Criteria

Eligible participants were women newly diagnosed with
stage I-III breast cancer, receiving chemotherapy, willing
to be randomly assigned, able to walk, <150 min/wk of
moderate- to vigorous-intensity PA, eating <7 fruits or
vegetables daily, and able to understand instructions in
English. Women were ineligible if they had received their
second chemotherapy cycle, pregnant or intending to become
pregnant, had experienced a stroke or myocardial infarction
in the past year, had dementia, hadmajor psychiatric disease,
or were participating in a weight loss program.

CONTEXT

Key Objective
Does exercise and eating a healthy diet improve chemotherapy completion and pathologic complete response (pCR) in
women diagnosed with breast cancer and receiving chemotherapy.

Knowledge Generated
The intervention led to improvements in diet quality, physical activity levels, and pCR rates compared with usual care (UC).
Chemotherapy completion rates were similar for women randomly assigned to intervention versus UC.

Relevance (K.D. Miller)
There are many reasons to encourage a healthy diet and regular exercise in women with breast cancer requiring che-
motherapy. This study shows it is possible and may increase pCR. Nonpharmacologic interventions are worthy of great
attention and appropriately powered trials.*

*Relevance section written by JCO Senior Deputy Editor, Kathy D. Miller, MD.
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Recruitment

Women were recruited between February 2018 and July 2021
through the Smilow Cancer Hospital Network at Yale-New
Haven Hospital and the Dana-Farber Cancer Institute.
Preliminary eligibility was assessed using the electronic
medical record (EMR). After chemotherapy prescription was
confirmed and oncologist approval was obtained, partici-
pants were screened. If eligible and interested in partici-
pating, informed consent was obtained.

Randomization

After completing baseline questionnaires, participants were
randomly assigned to intervention or UC. Randomization
was stratified by human epidermal growth factor receptor 2
(HER2) status (HER2-positive or HER2-negative [HER2–]),
hormone receptor (HR) status (HR-positive [HR1] or
HR-negative), and number of chemotherapy cycles (four
cycles or >4) with computer-generated randomization
lists for each stratum using the permutation method with
variable block sizes.

RDI

Data were abstracted from the EMR and treating team after
each chemotherapy cycle including date and dose of each
drug administered, and reason for any dose adjustments
and/or dose delays. RDI was expressed as a percentage of
actual chemotherapy dose intensity divided by prescribed
dose intensity on the basis of standard formulas. The pre-
scribed dose intensity was calculated as

Planned total dose ðmgÞ
BSA3planned number of weeks on treatment

where BSA refers to body surface area (m2). The actual dose
intensity was calculated as

Total dose delivered ðmgÞ
BSA3 actual number of weeks on treatment

:

RDI was calculated for each drug separately and then av-
eraged across all chemotherapy drugs for each patient.4

Categorical outcomes for completion were created includ-
ing RDI <85% or ≥85%, dose reduction, dose delay >5 days,
and combination of dose reduction, skip, earlier termination,
and/or delays. Dose discontinuation because of allergies to
drugs was included in RDI calculation but not included in the
other categorical outcomes. Reasons for chemotherapy dose
reductions and delays were documented.

pCR

For women receiving neoadjuvant chemotherapy, the pa-
thology report was obtained after surgery. pCR was recorded
as yes if there was no residual invasive disease noted in the
pathologic specimen (ypT0N0 or ypTisN0).

Questionnaires

Participants completed self-report questionnaires on de-
mographics and medical history at baseline and after com-
pleting the last chemotherapy treatment. Disease stage,
surgery, chemotherapy, weight and height at thefirst and last
chemotherapy was obtained from the EMR. An interviewer-
administered PA questionnaire assessed type, frequency, and
duration of activities, over the past 3months.26 Dietary intake
over the past 3 months was assessed via a validated self-
administered food frequency questionnaire.27 At baseline and
end of chemotherapy, participants completed a 9-symptom
Patient-Reported Outcomes-Common Terminology Criteria
for Adverse Events (PRO-CTCAE) questionnaire experienced
in the past 4 weeks. Postchemotherapy scores were adjusted
for baseline scores.28

Intervention

Intervention Goals

The goal was for participants to adopt a set of dietary and PA
guidelines.10-12 The Healthy Eating Index-2015 was used as a
measure of diet quality.29 Adherence to the PA guidelines was
defined as ≥150 min/wk of moderate- to vigorous-intensity
PA or 75 min/wk of vigorous-intensity PA and twice-weekly
resistance training.10

Intervention Delivery and Duration

The exercise and nutrition counseling intervention was
delivered individually via a combination of in-person,
telephone, or video per participant preference and COVID-19
restrictions. The intervention included four weekly sessions
in thefirstmonth, two biweekly sessions formonths 2 and 3,
and monthly sessions thereafter. The number of interven-
tion sessions delivered during chemotherapy varied on the
basis of chemotherapy duration.

Content of Counseling Sessions

The intervention was based on the LEAN study, which was
adapted from the Diabetes Prevention Program and
grounded in the social cognitive therapy, with further
modifications for active treatment, including management
of chemotherapy side effects.30 Registered dietitians (RDs)
who were Certified Specialists in Oncology Nutrition by the
Academy of Nutrition and Dietetics, with additional training
in exercise science, led the 30-minute counseling sessions.

Nutrition

The nutrition counseling promoted a predominantly plant-
based diet modified for texture and flavor as needed to
support adequate macronutrient and micronutrient food
intake and optimal glucose management. Recommenda-
tions included eating a combination of ≥5 fruits and/or
vegetable servings/d, ≥25 g/d of fiber, <30 g/d of added
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sugars, ≤18 ounces/wk of red meat, limited consumption of
processed foods, and alcohol consumption ≤1 drink per day.11

PA

The PA program relied on counseling sessions and home-
based exercise including a progressive strength training
program, with an emphasis on brisk walking and reaching a
goal of ≥150 min/wk of moderate- to vigorous-intensity PA
or 75 min/wk of vigorous-intensity PA and twice-weekly
resistance training.

UC

The UC group had access to an RD and survivorship clinics at
any time throughout treatment per usual clinical care, with
referral at the discretion of the treating oncologist. At
the end of the study, UC participants were offered an

individualized counseling session with a study RD and re-
ceived a copy of the study materials.

Statistical Considerations

Power and Sample Size Considerations

The sample size calculation was performed using PASS 12
(2013 NCSS, LLC, Kayesvile, UT). Our power calculation in-
dicated 86 subjects per arm (n 5 172) would achieve 90%
power to detect a 0.05 (or 5%) difference in RDI between two
arms at a significance level of 0.05, using a two-sided two-
sample equal-variance t-test.

Statistical Analyses Plan

Patient characteristics were summarized by randomization
groups. The primary end point of RDI was analyzed both as a

Ineligible via EPIC                                    (n = 557)
Comorbidities                                        (n = 127)
No MD consent/MD declined consent (n = 116)
Started chemotherapy                            (n = 92)
Other clinical trial                                    (n = 37)
Too active or eating healthy                   (n = 42)
Language barrier                                     (n = 47)
Chemotherapy elsewhere                       (n = 48)
Other                                                         (n = 48)

Unable to contact
(n = 72)Screened  (n = 425)

  Yale         (n = 302)
  DFCI        (n = 123)

Ineligible via screening call                     (n = 119)
Too active or eating healthy                   (n = 99)
Comorbidities                                             (n = 8)
Started chemotherapy                             (n = 11)
Chemotherapy elsewhere                         (n = 1)

Not interested   (n = 125)
   via screening call
  Declined           (n = 73)
  Overwhelmed  (n = 52)

Consented
(n = 181)

Randomized    (n = 173)
   Yale               (n = 122)
   DFCI                  (n = 51)

Intervention  (n = 87)
 Yale              (n = 63)
 DFCI              (n = 24)

Usual care   (n = 86)
   Yale           (n = 59)
   DFCI          (n = 27)

Stage I-III receiving
chemotherapy at Yale

from January 2018 to June 2021
(N = 870)

Stage I-III receiving
chemotherapy at DFCI

from July 2020 to May 2021
(N = 184)

Total stage I-III
receiving

chemotherapy
(N = 1054)

FIG 1. The LEANer study schema. DFCI, Dana-Farber Cancer Institute; EPIC, electronic portfolio of inter-
national credentials; LEANer, Lifestyle, Exercise, and Nutrition Early After Diagnosis; MD, medical doctor; pCR,
pathologic complete response.

4 | © 2023 by American Society of Clinical Oncology

Sanft et al

Downloaded from ascopubs.org by 201.17.127.202 on September 6, 2023 from 201.017.127.202
Copyright © 2023 American Society of Clinical Oncology. All rights reserved. 



TABLE 1. Baseline Characteristics by Study Arm (N 5 173)

Characteristic

Study Arm

PcIntervention (N 5 87)a,b Usual Care (N 5 86)a,b

Age, years 52.3 6 11.3 53.3 6 10.9 .57

Postmenopausal, No. (%) 48 (55.2) 46 (53.5) .63

BMI, kg/m2, mean 6 SD 29.5 6 7.0 29.8 6 6.6 .80

Race and ethnicity, No. (%) .46

Non-Hispanic White 61 (70.1) 62 (72.1)

Non-Hispanic Black 11 (12.6) 14 (16.3)

Hispanic 8 (9.2) 5 (5.8)

Asian or Pacific Islander 2 (2.3) 4 (4.7)

Prefer not to answer 3 (3.5) 0

Otherd 2 (2.3) 1 (1.2)

Education level, No. (%) .25

Less than college 29 (33.3) 36 (41.9)

College and above 58 (66.7) 50 (58.1)

Current employment status, No. (%) .25

Unemployed/retired 23 (26.4) 30 (34.9)

Part time (<35 h/wk) 14 (16.1) 9 (10.5)

Full time (≥35 h/wk) 38 (43.7) 32 (37.2)

On leave from job 10 (11.5) 15 (17.4)

Prefer not to answer 2 (2.3) 0

Marital status, No. (%)

Married or living with someone 66 (75.9) 61 (70.9) .46

Living alone 21 (24.1) 25 (29.1)

Health insurance, No. (%) .15

Medicaid 4 (4.6) 7 (8.1)

Medicare 9 (10.3) 10 (11.6)

Private 65 (74.7) 67 (77.9)

Other 9 (10.3)e 2 (2.3)f

Time since diagnosis, days, mean 6 SD 60 6 34 68 6 32 .08

Randomly assigned before first chemotherapy, No. (%) 37 (42.5) 28 (32.6) .18

Randomly assigned before second chemotherapy, No. (%) 87 (100) 86 (100) —

Cancer stage at diagnosis, No. (%) .83

Stage I 45 (51.7) 43 (50.0)

Stage II 31 (35.6) 34 (39.5)

Stage III 11 (12.6) 9 (10.5)

Receptor status, No. (%) .95

ER/PR1, HER2– 49 (56.3) 50 (58.1)

ER/PR6, HER21 15 (17.2) 15 (17.4)

Triple negative 23 (26.4) 21 (24.4)

Chemotherapy, No. (%) .19

Neoadjuvant 41 (47.1) 32 (37.2)

Adjuvant 46 (52.9) 54 (62.8)

No. of chemotherapy cycles, (%) .70

4 (range of weeks: 8-12) 23 (26.4) 25 (29.1)

>4 (range of weeks: 12-24) 64 (73.6) 61 (70.9)

Study site, No. (%) .58

Yale 63 (72.4) 59 (68.5)

DFCI 24 (27.6) 27 (31.4)

Abbreviations: DFCI, Dana-Farber Cancer Institute; ER, estrogen receptor; HER21, human epidermal growth factor receptor 2–positive; HER2–,
human epidermal growth factor receptor 2–negative; PR, progesterone receptor.
aMean 6 standard deviation for continuous variables and No. (column %) for categorical variables.
bNumbers may not sum to total because of missing data, and percentages may not sum to 100% because of rounding.
cP value is for t-test (continuous variables), x2 test (categorical variables), or Fisher’s exact test.
dOne Middle Eastern, one unknown, and one mixed race.
eThree unknown and six government-funded insurance.
fTwo unknown.
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continuous outcome and as a dichotomized outcome using
an 85% cutoff. Hypotheses were tested according to intention-
to-treat and statistical significance was defined as P < .05, two-
sided. T-test was used to compare continuous outcomes by
randomization group, while chi-square test was used for cat-
egorical outcomes. We explored effect modification of RDI by
patient baseline characteristics and prognostic factors, including
menopausal status at diagnosis, tumor HR status, baseline age
(<65 v ≥65 years), BMI (<30 v ≥30 kg/m2), self-identified race
and ethnicity, living with or without someone, and education
level. All analyses were performed using SAS 9.4 (Cary, NC).

RESULTS

We screened 425 women via telephone; 173 women enrolled
and were randomly assigned to intervention (n 5 87) or UC
(n5 86;Fig 1). Age, race, ethnicity, and tumor typedidnotdiffer
for women enrolled versus those screened and not enrolled.

Baseline Characteristics

Baseline characteristics were similar between groups
(Table 1). Women were age 53 6 11 years, with a mean BMI of

29.7 6 6.7 kg/m2, 71% non-Hispanic White, 14% Black, 8%
Hispanic, and randomly assigned646 33days fromdiagnosis.
Women were diagnosed primarily with stage I breast cancer
(51%), with 42% receiving neoadjuvant chemotherapy and
58% receiving adjuvant chemotherapy. The three most
common chemotherapy regimens, each accounting for 25%
of treatment regimens,weredocetaxel andcyclophosphamide
(TC) once every 3 weeks for four cycles (TC 3 4), dose-dense
doxorubicin and cyclophosphamide (ddAC) followed by dose-
dense paclitaxel (ddT) once every 2 weeks for 4 weeks each
(ddAC3 4 followed by ddT3 4), and dose-dense doxorubicin
and cyclophosphamide followed by paclitaxel once weekly for
12 weeks (ddAC followed by weekly T 3 12).

Changes in Exercise and Diet

Chemotherapy treatment averaged 3.3 6 1.2 months.
Among women randomly assigned to intervention, a mean
of 8 6 3 study counseling sessions were offered, with 91%
attendance.

At the end of chemotherapy, women randomly assigned
to intervention reported increases in exercise (143.4 6

TABLE 2. Baseline and Change From Baseline to End of Chemotherapy in PA, Diet, and Weight by Study Arm

Variable Intervention (n 5 87) Usual Care (n 5 86) P

Intervention counseling sessions

Attendance, % 91 NA

Sessions completed during chemotherapy, mean 6 SD 8 6 3 NA

Study duration, months, mean 6 SD 3.3 6 1.2 3.2 6 1.2

Physical activity

Baseline moderate- to vigorous-intensity PA, min/wk, mean 6 SD 27 6 41 21 6 35 .39

Change in PA, min/wk, mean 6 SD 143.4 6 119.5 47.7 6 99.6 <.001

Baseline meeting PA min/wk guidelines, No. (%)a 0 0 —

End of chemotherapy meeting PA min/wk guidelines, No. (%)a 43/83 (52) 14/72 (19) <.001

Baseline resistance training, No. (%) .08

No 78 (89.7) 83 (96.5)

Yes 9 (10.3) 3 (3.5)

End of chemotherapy resistance training, No. (%)b N 5 83 <.0001

No 24 (28.9) 67 (93.1)

Yes 59 (71) 5 (7)

Diet, mean 6 SD

Baseline fruits and vegetables (FFQ servings/d) 4.2 6 2.4 4.2 6 2.5 .86

Change in fruits and vegetables 0.8 6 2.5 –0.2 6 2.0 .01

Baseline fiber (FFQ g/d) 18.1 6 7.6 18.7 6 8.4 .63

Change in fiber 0.7 6 7.7 –3.1 6 8.1 .007

Baseline healthy eating index (points) 67.0 6 9.8 67.2 6 9.6 .93

Change in healthy eating index 4.7 6 11.0 1.7 6 9.0 .09

Weight, kg, mean 6 SD

Baseline weight 79.0 6 20.1 79.0 6 17.8 .99

Change in weight –1.0 6 4.4 –0.8 6 5.0 .76

Abbreviations: FFQ, food frequency questionnaire; NA, not applicable; PA, physical activity; SD, standard deviation.
aPA guidelines 5 ≥150 min of moderate- to vigorous-intensity PA per week or ≥75 min of vigorous-intensity PA per week.
bReported participating in resistance training sessions during chemotherapy.
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119.5 min/wk) compared with UC (47.7 6 99.6 min/wk;
P < .001; Table 2). Seventy percent of women randomly
assigned to intervention reported doing strength train-
ing during chemotherapy versus 7% of UC (P < .0001).

Women randomly assigned to intervention increased fruit
and vegetable and dietary fiber intake during chemotherapy
versus adverse changes in UC (P < .01; Table 2). Both groups
experienced an average of 1 kg weight loss during chemo-
therapy (P 5 .76).

NISs

A majority of women experienced at least one PRO-CTCAE
NIS, with 55% and 63% of women randomly assigned to
intervention and UC, respectively, experiencing at least one
severe NIS (P 5 .32; Table 3).

RDI

RDI was 92.9% 6 12.1% and 93.6% 6 11.1% of prescribed
chemotherapy for intervention and UC, respectively (P 5 .69;
Table 4). There was no difference in drug-specific RDI by
randomization group nor the proportion of patients in the
intervention versus UC who achieved ≥85% RDI (81% of in-
tervention v 85% of controls; P 5 .44). Slightly more than one
third of women had a chemotherapy dose reduction and/or
dose delay (38% intervention v 36% UC; P 5 .80). The most

common reasons for dose reductions and/or delays were
neuropathy, infections, and hematologic toxicities. Tumor
stage, treatment regimen, menopausal status at diagnosis, HR
status, age (<65 v ≥65 years), BMI (<30 v ≥30 kg/m2), race
and ethnicity, living with or without someone, and education
level did not modify the effect of the intervention on RDI.

pCR

Among the 72 women who received neoadjuvant chemo-
therapy, women randomly assigned to the intervention arm
were more likely to have a pCR (53% v 28% in the UC;
P5 .037). Findingswere limited towomenwithHR1/HER2–or
triple-negative breast cancer subtypes. Breast cancer subtype
and RDI were similar for intervention and UC in this subset
(Table 5).

DISCUSSION

The LEANer trial demonstrated that women with breast
cancer initiating chemotherapy were able to make signifi-
cant improvements in exercise and diet quality during
chemotherapy. Women randomly assigned to intervention
increased their PA by an average of 143 min/wk. Although
94% of participants undergoing chemotherapy experienced
at least one NIS, women randomly assigned to intervention
were able to improve their diet quality during chemotherapy
compared with UC.

TABLE 3. Effect of Intervention Versus UC on PRO-CTCAE Symptoms at the End of Chemotherapy (N 5 156)

PRO-CTCAE Symptom (NISs)

Mild1 Symptoms (grades 1-4), No. (%)a Severe1 Symptoms (grades 3 and 4), No. (%)

Intervention (N 5 82) UC (N 5 74) P Intervention (N 5 82) UC (N 5 74) P

Severity of dry mouth 46 (56.1) 44 (59.5) .67 14 (17.1) 14 (18.9) .76

Severity of difficulty swallowing 23 (28.0) 20 (27.0) .89 2 (2.4) 6 (8.1) .11

Severity of mouth/throat sores 31 (37.8) 30 (40.5) .73 4 (4.9) 5 (6.8) .62

Interference of mouth/throat sores 15 (18.3) 19 (25.7) .26 1 (1.2) 5 (6.8) .07

Severity of problems with tasting 58 (70.7) 52 (70.3) .95 17 (20.7) 16 (21.6) .89

Severity of decreased appetite 39 (47.6) 39 (52.7) .52 14 (17.1) 7 (9.5) .16

Interference of decreased appetite 24 (29.3) 27 (36.5) .34 7 (8.5) 7 (9.5) .84

Frequency of nausea 41 (50.0) 28 (37.8) .13 10 (12.2) 7 (9.5) .58

Severity of nausea 40 (48.8) 21 (28.4) .009 8 (9.8) 5 (6.8) .50

Frequency of vomiting 10 (12.2) 5 (6.8) .25 0 0 1.00

Severity of vomiting 8 (9.8) 6 (8.1) .72 1 (1.2) 2 (2.7) .50

Frequency of heartburn 41 (50.0) 37 (50.0) 1.00 13 (15.9) 13 (17.6) .77

Severity of heartburn 34 (41.5) 31 (41.9) .96 8 (9.8) 7 (9.5) .95

Severity of constipation 32 (39.0) 25 (33.8) .50 12 (14.6) 9 (12.2) .65

Frequency of diarrhea 41 (50.0) 33 (44.6) .50 13 (15.9) 12 (16.2) .95

Any NIS 78 (95.1) 70 (93.3) .63 45 (54.9) 47 (62.7) .32

NOTE. Adjusted for baseline PRO-CTCAE value.
Abbreviations: NIS, nutrition impact symptom; PRO-CTCAE, Patient-Reported Outcomes-Common Terminology Criteria for Adverse Events; UC,
usual care.
aPRO-CTCAE scoring: 0 5 none, 1 5 mild, 2 5 moderate, 3 5 severe, 4 5 very severe.
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Despite one third of participants experiencing a chemo-
therapy dose reduction and/or delay, 83% of patients still
received >85% RDI and both groups had RDI levels of 93%.
Supportive therapies could partially explain high RDI levels.
Although trials conducted over 10 years ago had lower RDIs,
including one of women randomly assigned to supervised
resistance exercise versus Aerobic exercise versus UC, which
found RDIs of 90%, 87%, and 84% in the three groups,
respectively, our chemotherapy completion rates are similar
to more recent trials.31 Sedrak et al31 found 80% of older
patients with breast cancer received at least 85% RDI. In
recent years, shorter course chemotherapy regimens have
been prescribed resulting in higher RDIs. In our trial, 28% of
the chemotherapy regimens were four cycles.

We found that chemotherapy dose reductions occurred in
33% of patients, similar to the 27% rate of dose reductions
among patients enrolled in an exercise trial published in
2015.21 Similar to that study, we also found neuropathy was
the primary reason for dose adjustments. Of note, other
participants in our trial could have experienced neuropathy,
yet it did not lead to a chemotherapy dose reduction and/or

delay. Exercise has been shown to prevent or reduce
chemotherapy-induced peripheral neuropathy.32,33

To our knowledge, only one other published study has
examined both nutrition and exercise on RDI and it was as a
secondary end point. Although Carayol et al found a ben-
eficial effect of a nutrition (nine consultations) and PA
(thrice-weekly aerobic and resistance exercise) interven-
tion versus UC on fatigue and quality of life in 143 patients
with breast cancer receiving chemotherapy, there was no
difference between groups for RDI (97% intervention v
96% UC; P 5 .39).34 To our knowledge, the LEANer study is
the first randomized nutrition and exercise intervention to
be administered during chemotherapy with the primary
aim of improving RDI. Nutrition counseling from certified
oncology dietitians was critical in this study because of
the high prevalence of chemotherapy-induced NISs.17 A
high-quality diet focused on increased fruits, vegetables,
fiber, and protein, and reduced added sugars may reduce
inflammation and support immune function, stabilize
glucose levels, improve gut microbiome, and maintain
muscle mass.11

TABLE 4. Effect of Intervention Versus UC on RDI

RDI Variable Intervention (N 5 87) UC (N 5 86) P

RDI continuous, %, mean 6 SD 92.9 6 12.1 93.6 6 11.1 .69

RDI <85%, No. (%) 17 (19.5) 13 (15.1) .44

Dose reduction, No. (%) 25 (29) 24 (28) .96

Reduction, %, mean 6 SD 22.0 6 4.8 22.4 6 2.5 .95

Dose delays (>5 days), No. (%) 24 (28) 24 (28) .96

Delay, days, mean 6 SD 8.8 6 3.5 9.5 6 3.8 .49

Toxicitya dose delays (>5 days), No. (%) 18 (21) 18 (21) .90

Delay, days, mean 6 SD 8.8 6 3.7 9.5 6 4.1 .55

Dose reduction, skip, and/or toxicity delays,b No. (%) 33 (38) 31 (36)

RDI continuous, %, mean 6 SD 86.7 6 10.6 87.3 6 10.1 .80

Reasons for toxicity-related changes,c No. (%) .84

Neuropathy 16 (48) 17 (55)

Infections 8 (24) 7 (23)

Hematologic toxicities 9 (27) 8 (26)

Mouth sores 3 (10) 1 (3)

Diarrhea 1 (3) 1 (3)

Constipation 2 (6) 0 (0)

Dehydration 1 (3) 1 (3)

Nausea/vomiting 1 (1) 0 (0)

Fatigue 1 (3) 1 (3)

Transaminases 1 (3) 3 (10)

Skin toxicities 1 (3) 2 (6)

Immune-related toxicities 0 (0) 2 (6)

Otherd 1 (3) 5 (16)

Abbreviations: RDI, relative dose intensity; SD, standard deviation; UC, usual care.
aToxicity dose delays exclude dose delays because of vacation and schedule changes because of holidays.
bIndividual participants could have more than one dose reduction, skip, and/or delay over the course of treatment.
cIndividual participants could have more than one reason for dose reduction and/or delay.
dOther reasons: edema, depression, tachycardia, expander replacement surgery, appendectomy, and unspecified fever.
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Among women enrolled in LEANer who received neo-
adjuvant chemotherapy, pCR rates were 53% in women
randomly assigned to intervention versus 28% of women
randomly assigned to UC, suggesting the effect of exercise
and nutrition on pCR may be via different mechanistic
pathways than chemotherapy completion such as immune,
inflammatory, and metabolic pathways.30,35-39 In a previous
trial of ours, we found exercise altered gene expression in
breast tumors, suggesting exercise may have a direct effect
on breast cancer.35 Additionally, exercise could enhance
blood flow to the tumor and reduce hypoxia in the tumor
microenvironment, enhancing chemotherapy delivery to the
tumor.36-39 Furthermore, a recent meta-analysis found an
association between lower BMI at diagnosis and higher
pCR.40 Yet, our findings are hypothesis generating and
should be interpreted with caution as pCR was a secondary
aim of the study. Future studies of exercise, nutrition, and
body composition on pCR and tumor and serum biomarkers
are necessary.

Recent ASCO guidelines concluded exercise is safe during
chemotherapy, but whether exercise improves chemo-
therapy tolerance remains unknown.19 To address this
evidence gap, the National Cancer Institute launched the
Exercise and Nutrition Interventions to Improve Cancer
Treatment-Related Outcomes in Cancer Survivors Consor-
tium,41 with four trials in ovarian, rectum, colon, and breast
cancer to advance exercise and nutrition intervention
research to improve treatment tolerance and patient
experience.

Limitations of our study include self-report assessments of
PA and diet. We administered the PRO-CTCAE after the last
chemotherapy session as a recall of the past 4 weeks rather
than the standard PRO-CTCAE recall period of past 7 days;
longer recall periods are associated with increasing mea-
surement error. Because of the relatively small number of
patients in the neoadjuvant analyses, our findings require
validation. The COVID-19 pandemic affected 90 women
enrolled after March 12, 2022, resulting in counseling ses-
sions being conducted virtually only and an inability to
collect blood and Dual Energy X-ray Absorptiometry scans;
thus, assessments of body composition and biomarkers as
potential mechanisms mediating the intervention on RDI
were not examined. Strengths of our study include detailed
EMR review and real-time follow-up with the oncologist to
document reasons for chemotherapy dose reductions and
delays. Our intervention was delivered virtually with high
adherence rates, allowing for future scalability.

In summary, many women newly diagnosed with breast
cancer were interested in participating in a trial of exercise
and nutrition during chemotherapy, and approximately 8
counseling sessions over an average of 3 months led to im-
provements in diet quality, PA, and pCR rates, however, not
RDI. Clinically relevant effects of nutrition and exercise onRDI
may have greater potential in patient populations with lower
chemotherapy completion. Given that pCR is an accepted
predictor of recurrence and mortality, our findings could
provide oncologists with a supportive care intervention that
affects the ability to potentially improve survival outcomes.

TABLE 5. Effect of Intervention Versus UC on RDI and pCR Among Women Receiving Neoadjuvant Chemotherapy by Study Arm (N 5 72)

Variable Intervention UC P

Overall N 5 40 N 5 32

RDI continuous, mean 6 SD 92.0% 6 12.1% 89.3% 6 11.6% .34

Dose reductions, skip, and/or toxicity delays, No. (%) 20 (50) 19 (63) .43

pCR, No. (%) 21 (53) 9 (28) .037

HR1 and HER2– N 5 10 N 5 12

RDI, mean 6 SD 96.0% 6 7.2% 90.6% 6 9.1% .16

Dose reductions and/or toxicity delays, No. (%) 5 (40) 9 (75) .19

pCR, No. (%) 3 (30) 0 (0) .08

TNBC N 5 16 N 5 10

RDI, mean 6 SD 89.2% 6 13.0% 84.6% 6 13.9% .40

Dose reductions and/or toxicity delays, No. (%) 9 (56) 8 (80) .48

pCR, No. (%) 11 (69) 3 (30) .05

HER21 N 5 14 N 5 10

RDI, mean 6 SD 92.4% 6 12.3% 92.6% 6 12.6% .98

Dose reductions and/or toxicity delays, No. (%) 6 (43) 3 (30) .52

pCR, No. (%) 7 (50) 6 (60) .63

Abbreviations: HER21, human epidermal growth factor receptor 2–positive; HER2–, human epidermal growth factor receptor 2–negative; HR1,
hormone receptor–positive; pCR, pathologic complete response; RDI, relative dose intensity; SD, standard deviation; TNBC, triple-negative breast
cancer; UC, usual care.
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