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Abstract

Purpose Most cytotoxic drugs are dosed using body surface area (BSA), yet not all cancer patients receive the full BSA-
determined dose. Prior work suggests that breast cancer patients who are obese are more likely to experience dose reduction
than normal weight patients. However, the factors driving dose reduction remain unclear.

Methods In 452 women diagnosed with stage I-IIIA primary breast cancer at Kaiser Permanente Northern California, we
evaluated the association between obesity and dose reduction, and further explored other factors in relation to dose reduc-
tion, including various sociodemographic characteristics, tumor characteristics, and comorbidities. Study participants were a
part of the Pathways Study, diagnosed between 2006 and 2013 and treated with cyclophosphamide + doxorubicin, followed
by paclitaxel (ACT). Dose reduction was assessed using first cycle dose proportion (FCDP) and average relative dose inten-
sity (ARDI), a metric of dose intensity over the course of chemotherapy.

Results Overall, 8% of participants received a FCDP <90% and 21.2% had an ARDI <90%, with dose reduction increas-
ing with body mass index. In adjusted logistic regression models, obese women had 4.1-fold higher odds of receiving an
ARDI <90% than normal weight women (95% CI: 1.9-8.9; p-trend =0.0006). Increasing age was positively associated with
an ADRI<90%, as was the presence of comorbidity. Dose reduction was less common in later calendar years.

Conclusion Results offer insight on factors associated with chemotherapy dosing for a common breast cancer regimen.
Larger studies are required to evaluate relevance to other regimens, and further work will be needed to determine whether
dose reductions impact outcomes in obese women.
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Introduction

Most chemotherapy is dosed according to body surface area
(BSA), and therefore obese women are expected to receive a
higher absolute dose than their normal weight counterparts.
However, due to concerns regarding possible chemotherapy-
associated toxicities and other considerations, it has been
shown that some clinicians scale back the dose administered
to obese women [1-7]. For example, a 2005 study among
9,672 women receiving care from oncology centers across
the United States reported that 20% of women with class I
obesity (body mass index (BMI) 30-34.9 kg/m?) and 37%
of women with class II or greater obesity (BMI >35 kg/m?)
received less than 90% of their expected BSA-determined
dose of cytotoxic drugs cyclophosphamide and doxorubicin
in the first cycle of breast cancer treatment, while 9% of
normal-weight women were comparably dose reduced [1].
Given this issue, in 2012, the American Society of Clini-
cal Oncology (ASCO) released guidelines stating that obese
patients should be given the full BSA determined dose [8].

Research also suggests that older age, Black race, low
neighborhood education, and presence of serious comorbid-
ities may be associated with chemotherapy dose reduction;
however, obesity appears to remain a strong independent
predictor [1, 2, 6, 9—11]. However, prior studies have exam-
ined a narrow set of potential predictors and it is unknown
what other factors may drive dose reductions. Understand-
ing the factors driving dose reduction is an important step to
understanding the implications on patient outcomes.

The objective of this study is to understand if the asso-
ciation between obesity and dose-reduction persists in an
integrated healthcare delivery system, focusing on patients
treated with a common chemotherapy regimen, ACT (cyclo-
phosphamide + doxorubicin, followed by paclitaxel), both
overall and by individual drug. In addition to exploring the
association between obesity and dose-reduction, we also
explore other potential drivers of dose reduction, such as
age, stage, race/ethnicity, and comorbidities, both in the first
cycle and across the course of chemotherapy.

Methods
Study population

Participants were drawn from the Pathways Study, which
has been detailed previously [12—14]. Briefly, the Pathways
Study is a prospective cohort of 4,505 women with stage
[-IV breast cancer diagnosed and treated at Kaiser Perman-
ente Northern California (KPNC) between 2006 and 2013.
Eligibility criteria for the Pathways Study included the fol-
lowing: KPNC health plan membership at time of study
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enrollment, 21 + years of age at diagnosis, and having a first
primary invasive breast cancer with no prior history of can-
cer (except non-melanoma skin cancer). Participants had to
speak English, Spanish, Cantonese, or Mandarin and reside
within a 65-mile radius of a field interviewer. Passive con-
sent was obtained from the patient’s physician of record to
contact the patient for study recruitment. Written informed
consent was obtained from all participants. The study was
approved by the institutional review boards of Kaiser Per-
manente Northern California and collaborating institutions.
For the analyses presented, additional IRB approval was
obtained at the Harvard T.H. Chan School of Public Health
and Memorial Sloan Kettering Cancer Center.

We restricted this analysis to 539 women with stages
I-IITA breast cancer who received the common drug com-
bination, ACT (cyclophosphamide+ doxorubicin, fol-
lowed by paclitaxel). In these analyses, we excluded those
who received more than the 4 cycles of cyclophospha-
mide + doxorubicin, AC, expected per guidelines (n=06),
those who were known to be on a clinical trial or received
primary systemic (neoadjuvant) chemotherapy (n=54),
those who were underweight (BMI< 18.5 kg/m?, n=12),
and those whose intended regimens could not be determined
(n=15), resulting in 452 patients for analysis.

Exposures: obesity and other factors

The primary exposure of interest was BMI (kg/m?) at diag-
nosis (defined as within 6 months prior to 2 months after
diagnosis), categorized as normal weight (BMI: 18.5-<25),
overweight (BMI: 25-<30), obese (BMI: 30-<35), or
severely obese (BMI: 35+).

We also explored sociodemographic factors in relation to
dose reduction, including age at diagnosis (categorical: <50y
(reference category, ref), 50-<65y, 65y+), year of diagnosis
(categorical: 2006-2009 (ref), 2010-2013), race/ethnicity
(categorical: non-Hispanic White (ref), non-Hispanic Black,
Hispanic, other), household income (categorical: <$50,000
(ref), $50,000-<$90,000, $90,000+), and marital status
(married/living with partner (ref) vs. single/divorced/wid-
owed). For race/ethnicity, the ‘other’ group included Asians
(n=166), Pacific Islanders (n=2), and American Indian and
Alaskan Natives (n=17), as we were not able to present
these groups individually, given small numbers. Using a
combination of automated, abstracted, and registry data,
we also examined disease and clinical factors, including
American Joint Committee on Cancer (AJCC) stage (cat-
egorical: I (ref), II, IITA), menopausal status around diag-
nosis (pre/peri-menopausal (ref) vs. post-menopausal), and
several comorbid conditions, including: pre-existing diabe-
tes, cardiovascular disease, neuropathy, renal/liver disease,
and neutropenia/ thrombocytopenia (all examined as binary
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variables, with ‘no’ as the referent group). Renal and liver
disease were combined due to small numbers, as were neu-
tropenia and thrombocytopenia. We also examined presence
of any of the above comorbidities (none (ref) vs. any) and
the Charlson Comorbidity Index (0 (ref) vs. 1+4). Last, we
examined the impact of white blood cell (WBC) count prior
to the first chemotherapy administration, defined as low
(<10x10° pL, ref) vs. high (>10x 10°uL).

Dose reduction: overview

Dose reduction was examined in two ways: (1) first cycle
dose proportion (FCDP), reflecting dosing in the first cycle
(an indication of intended treatment dose), and (2) average
relative dose intensity (ARDI), reflecting dosing over the
entire regimen. The FCDP differs from the ARDI in that it
generally reflects clinician intent [1] without being affected
by subsequent toxicity and treatment delays.

Determination of intended regimen

Calculation of the FCDP and ARDI required compari-
son of chemotherapy received to that expected for a given
intended regimen. Although it is relatively straightforward
to extract information on the chemotherapy received (dates
and dosages) from automated sources, determination of
the intended regimen is more challenging, as it may not be
readily available and/or available at the specificity needed
to determine the intended regimen. We therefore developed
a 3-step process to determine the intended regimen. First,
among the women receiving ACT, we used strict criteria
to classify participants into one of the standard NCCN-
defined regimens in which this combination of drugs may
be received (e.g., dose-dense AC at 14-day intervals, fol-
lowed by 12 cycles of weekly paclitaxel vs. dose-dense AC
at 14-day intervals, followed by 4 cycles of paclitaxel every
2 weeks). We then manually reviewed the automated elec-
tronic chemotherapy administration data of those patients
for whom the observed chemotherapy administration did
not readily fit one of these expected standard regimens (e.g.,
by dose, number of cycles, or cycle interval). Finally, when
intended regimens were still unclear after manual review,
we abstracted clinician notes from medical charts where
possible.

Outcome: first cycle dose proportion (FCDP)

To calculate the FCDP, the observed dose was divided by
the expected dose based on BSA. The expected dose was
calculated by multiplying a woman’s BSA (m?) — a func-
tion of weight and height calculated using the Mosteller
formula [15] — by the recommended dose (mg/m?) [8,

16]. For example, if the recommended dose of cyclophos-
phamide is 600 mg/m?, a participant with a BSA of 2m?
would be expected to receive 2x600=1200 mg of cyclo-
phosphamide. If she received 900 mg, then she received
900/1200=75% of the expected dose. The value for each
drug received in the first cycle was then averaged to yield
the FCDP. For FCDP, the outcome was defined by receipt
of <90% of the expected dose in the first cycle of chemo-
therapy (as compared to receipt of > 90% of expected dose).
A threshold of 90% was selected as a balance of reflecting
substantive dose reduction and power to detect association
in the context of a small study [1].

Outcome: average relative dose intensity (ARDI)

Calculation of the RDI, a standard measure of chemother-
apy dosing [1, 9, 10, 17], requires knowledge of the doses
and intervals at which each drug was received (numera-
tor), as well as the planned or expected doses and intervals
(denominator). To calculate the dose intensity received over
the course of therapy, we calculated the RDI for each drug
received, as shown below:

RDI = 100 x ( Cumulative dose (mg/Treatment duration (wks) )

Cumulative planned dose (mg) / Planned Treatment duration (wks)

The RDI for each drug received was calculated and then
averaged across drugs to obtain the ARDI. The ARDI
received over the course of therapy represents the aver-
age relative dose intensity across all cycles, averaged for
each drug received. Dose reduction was defined by an
ARDI<90%.!

Participants who discontinued therapy early contributed
data for both the numerator and denominator in RDI calcu-
lation only for the cycles completed, so as not to obscure
intentional dose by early treatment discontinuation. For
example, if someone discontinued chemotherapy after 2
cycles of AC, then the numerator and denominator would
both account for 2 cycles. Notably, by including information
on observed and planned treatment duration, the RDI/ARDI
inherently account for treatment delays.

Statistical analysis

Logistic regression was used to calculate odds ratios (ORs)
and 95% confidence intervals (95% Cls) for the associa-
tions between exposures of interest (primarily obesity, but
also other patient/clinical factors) and the two dose reduc-
tion measures described above (FCDP and ARDI). Those
missing information on a given exposure of interest were
excluded from OR calculations for that particular exposure
using a complete case approach.
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Due to the limited number of women with dose reduc-
tions in the first cycle, we were unable to examine adjusted
effect estimates for the FCDP and thus results for this out-
come are unadjusted. However, more people were defined
as dose reduced when using the ARDI, for this outcome, we
were able to additionally present estimates adjusted for a set
of a priori-selected covariates, including age at diagnosis,
race/ethnicity, BMI, and initial WBC count.

All statistical analyses were conducted using SAS ver-
sion 9.4 (Cary, NC).

Results

In this study of 452 breast cancer patients who received
ACT, 156 (34.5%) were <50 years of age and 17% were
ages 65-76 years or older (Table 1). 60% were non-Hispanic
White, and 71% had stage II cancer. Patients that were non-
Hispanic black comprised 4.7% of the normal weight group,
as compared to 30.1% of the severely obese women. Of the
women who were normal weight, 18.2% had a household
income <$50,000, as compared to 30.1% of severely obese
women.

In this study, the FCDP ranged from 0.77 to 1.07, and the
ARDI ranged from 0.51 to 1.05. Here, 21.9% of severely
obese women had a FCDP of <90%, as compared to 11.4%
of obese women, and 7% of overweight women; there were
no women with FCDP<90% in the normal weight group
(Table 2). Across all cycles, 38.4% of severely obese women
had an ARDI<90%, compared to 23.9% of obese women,
19.6% of overweight women, and 12.8% of normal weight
women.

When examined by individual drug, there were simi-
lar patterns of dose reductions by BMI, both for the first
cycle and across all cycles. For example, for the first
cycle of doxorubicin, none of the normal weight women
received <90% of the expected dose, compared to 20.6%
of severely obese women. Similarly, in the first cycle of
cyclophosphamide, none of the normal weight women
received < 90% of the expected dose, compared to 21.9%
of severely obese women. For paclitaxel, 1.4% of normal
weight women received < 90% of the expected dose in the
first cycle, compared to 23.3% of severely obese women.

Table 1 Characteristics of Path-

Characteristic Cohort 452 BMI (kg/mz), n (%)
ways participants who received (100%) Normal Overweight ~ Obese Severe
ACT, Overall and by BMI Weight (18.5- (25-<30) 143 (30- Obesity
<25) 148 (31.6%) <35)88 (35+)73
(32.7%) (19.5%)  (16.2%)
Age at diagnosis (years)
<50 156 (34.5) 60 (40.5) 55(38.5) 24(27.3) 17(23.3)
50-<65 219 (48.5) 68 (46.0) 62 (43.4) 45 (51.1) 44 (60.3)
65-76 77 (17.0)  20(13.5) 26 (18.2) 19 (21.6) 12(16.4)
Race/Ethnicity
Non-Hispanic White 271 (60.0) 93 (62.8) 84 (58.7) 58(65.9) 36(49.3)
Non-Hispanic Black 46 (10.2) 747 6(4.2) 11 (12.5) 22(30.1)
Hispanic 50 (11.1)  13(8.8) 16 (11.2) 12 (13.6) 9(12.3)
Other 85(18.8) 35(23.7) 37 (25.9) 7 (8.0) 6(8.2)
Household Income
<$50,000 100 (22.1) 27(18.2) 33 (23.1) 18 (20.5) 22(30.1)
$50,000-<$90,000 136 (30.1) 47 (31.8) 43 (30.1) 22 (25.0) 24(32.9)
$90,000+ 163 (36.1) 59 (39.9) 51(35.7) 32(36.4) 21(28.8)
Missing 53 (11.7)  15(10.1) 16 (11.2) 16 (18.2) 6(8.2)
AJCC Stage
I 38 (8.4) 14 (9.5) 12 (8.4) 4 (4.6) 8 (11.0)
I 321(71.0) 110 (74.3) 106 (74.1) 55(62.5) 50(68.5)
1A 93 (20.6) 24 (16.22) 25(17.5) 29(33.0) 15(20.6)
Hormone-receptor positivity
ABBREVIATIONS: AJCC ER- and PR- 119 (26.3) 43 (29.0) 34 (23.8) 15(17.1) 27 (37.0)
(American Joint Committee ER + and/or PR+ 333(73.7) 105(71.0)  109(76.2)  73(83.0) 46 (63.0)
on Cancer); BMI (body mass 3 . .
index); ER (estrogen receptor); WBC Count x10°/uL Prior to First
PR (progesterone receptor); Chemotherapy
WBC (white blood cell) Mean (Std. Dev.) 7.0 (1.9) 6.3 (1.6) 6.8 (1.8) 7.6(1.8) 7.9(2.0)
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Table 2 Chemotherapy Dosing, by BMI: Results for ACT (cyclophosphamide + doxorubicin, followed by paclitaxel)

BMI (kg/m?) Category

Normal weight

Overweight (25-  Obese (30-<35)  Severely Obese

(18.5-<25) N=148 <30)N=143 N =288 (B5+)N=73
Overall Regimen
FCDP (Mean+SD) 1.00 (0.02) 0.97 (0.04) 0.97 (0.04) 0.94 (0.07)
First Cycle Dose Reduction (< 90%) 0 (0%) 10 (7.0%) 10 (11.4%) 16 (21.9%)
ARDI All Cycles (Mean + SD) 0.96 (0.05) 0.94 (0.07) 0.93 (0.08) 0.90 (0.09)
Dose Reduction (< 90%), Across All Cycles 19 (12.8%) 28 (19.6%) 21 (23.9%) 28 (38.4%)
By Individual Drug
Doxorubicin, as part of ACT
RDI First Cycle (Mean +SD) 1.00 (0.02) 0.97 (0.04) 0.97 (0.04) 0.94 (0.07)
First Cycle Dose Reduction (< 90%) 0 (0%) 9 (6.3%) 10 (11.4%) 15 (20.6%)
RDI All Cycles (Mean + SD) 0.97 (0.05) 0.95 (0.07) 0.94 (0.08) 0.91 (0.10)
Dose Reduction (<90%), Across All Cycles 22 (14.9%) 28 (19.6%) 18 (20.5%) 25 (34.3%)
Cyclophosphamide, as part of ACT
RDI First Cycle (Mean +SD) 1.00 (0.02) 0.98 (0.04) 0.97 (0.04) 0.94 (0.07)
First Cycle Dose Reduction (< 90%) 0 (0%) 8 (5.6%) 11 (12.5%) 16 (21.9%)
RDI All Cycles (Mean + SD) 0.97 (0.05) 0.95(0.07) 0.94 (0.07) 0.91 (0.09)
Dose Reduction (< 90%), Across All Cycles 19 (12.8%) 26 (18.2%) 19 (21.6%) 25 (34.3%)
Paclitaxel, as part of ACT
RDI First Cycle (Mean +SD) 1.00 (0.10) 0.97 (0.06) 0.96 (0.05) 0.94 (0.07)
First Cycle Dose Reduction (< 90%) 2 (1.4%) 9 (6.3%) 10 (11.4%) 17 (23.3%)
RDI All Cycles (Mean + SD) 0.95 (0.11) 0.93 (0.12) 0.91 (0.12) 0.87 (0.14)
Dose Reduction (<90%), Across All Cycles 33 (22.3%) 32 (22.4%) 32 (36.4%) 30 (41.1%)

ABBREVIATIONS: ACT (Cyclophosphamide + Doxorubicin, Followed by Paclitaxel); ARDI (average relative dose intensity); BMI (body
mass index); FCDP (first cycle dose proportion); RDI (relative dose intensity)

Main results: first cycle dose reduction

BMI was strongly associated with first cycle dose reduction.
Given that none of the women with a BMI in the normal
weight range had a FCDP<90%, a meaningful OR can-
not be calculated. However, the large differences in groups
can be illustrated by the fact that 13.7% of women without
a FCDR were considered severely obese, as compared to
44.4% of women with a FCDR.

In unadjusted models, older age was associated signifi-
cantly with increased odds of first cycle dose reduction,
with women ages 65 years or older having 5.7-fold higher
odds (95% CI:1.7-18.7; p-trend:0.003) of dose reduc-
tion than women <50 years of age (Table 3). Similarly, in
these unadjusted models, being post-menopausal was also
associated with increased odds of first cycle dose reduc-
tion (OR:3.1; 95% CI:1.4-7.0). Presence of comorbidities
was also associated with increased unadjusted odds of dose
reduction (OR:2.9; 95% CI:1.4-5.8), with significant asso-
ciations observed for diabetes (OR:3.7; 95% CI:1.5-8.9)
and cardiovascular disease (OR:2.6; 95% CI:1.1-6.5).

Main results: dose reduction across all cycles (ARDI)

Given higher frequency of dose reduction (and thus cases)
in ARDI analyses, we are able to present unadjusted and
adjusted results for this outcome. In unadjusted models,
BMI was strongly positively associated with odds of dose
reduction (p-trend:<0.0001) with severely obese women
having greater likelihood of dose reduction compared to nor-
mal weight women (OR:4.2; 95% CI:2.2-8.3). This associa-
tion persisted with covariate adjustment (p-trend:0.0006):
overweight vs. normal weight: 1.6 (95% CI:0.9-3.1), obese
(OR:2.1; 95% CI:1.0-4.4), and severely obese (OR:4.1;
95% CI:1.9-8.9).

Older age was associated with increased odds of dose
reduction over the course of chemotherapy (ARDI < 90%),
which persisted after covariate adjustment (OR 65+ years
vs. <50 years:3.7; 95% CI:1.8-7.6; p-trend:0.0004). In
unadjusted models, women with breast cancer who were
non-Hispanic Black were more likely to experience dose
reduction over the course of chemotherapy than non-
Hispanic White patients (OR:2.1; 95% CI:1.1-4.1); how-
ever, this association attenuated with covariate adjustment
(OR:1.5; 95% CI:0.7-3.1). Calendar time was significantly
associated with odds of dose reduction, with patients treated
in 2010-2013 having lower odds of dose reduction than
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Table 3 Factors associated with Underdosing (< 90%) for ACT: FCDP and ARDI

FCDP < 90% ARDI <90%, Over All Cycles
N (%) Unadjusted N (%) Unadjusted Adjusted®
NoN=416 Yes OR (95% CI) NoN=356 Yes OR (95% CI) OR (95% CI)
(92.0) N=36 (78.8) N=96
(8.0) (21.2)
Sociodemographic Information
Age at diagnosis (y)
<50 152 (36.5) 4 (11.1) REF 137 (38.5) 19(19.8) REF REF
50-<65 197 (47.4) 22 (61.1) 4.2(1.4,12.6) 168 (47.2) 51(53.1) 2.2(1.2,3.9) 2.0 (1.1, 3.6)
65-76 67 (16.1) 10 (27.8) 5.7(1.7,18.7) 51(14.3) 26 (27.1) 3.7(1.9,7.2) 3.7(1.8,7.6)
P-trend=0.003 P-trend=0.0001  P-trend=0.0004
Race/Ethnicity
Non-Hispanic White 248 (59.6) 23(63.9) REF 216 (60.7) 55(57.3) REF REF
Non-Hispanic Black 39(94) 7(194) 1.9(0.8,4.8) 30 (8.4) 16 (16.7) 2.1(1.1,4.1) 1.5(0.7,3.1)
Hispanic 47 (11.3) 3(8.3) 0.7 (0.2,2.4) 42 (11.8) 8(8.3) 0.7 (0.3, 1.7) 0.9 (0.4,2.2)
Other® 82 (19.7) 3(8.3) 0.4 (0.1, 1.3) 68 (19.1) 17(17.7) 1.0(0.5,1.8) 1.5(0.8,2.9)
P=0.14 P=0.12 P=0.48
Household Income
<$50,000 90 (24.7) 10 (29.4) REF 73 (23.4) 27 (31.0) REF REF
$50,000-<$90,000 122 (33.4) 14 (41.2) 1.0(0.4,2.4) 103 (33.0) 33(379) 0.9(0.5,1.6) 1.0 (0.5, 1.9)
$90,000+ 153 (41.9) 10(29.4) 0.6(0.2,1.5) 136 (43.6) 27 (31.0) 0.5(0.3,1.0) 0.7 (0.3,1.4)
p-trend=0.23 p-trend =0.04 p-trend=0.26
Marital Status
Married/Living with partner 275 (66.1) 22 (61.1) REF 242 (68.0) 55(57.3) REF REF
Single/Divorced/Widowed 141 (33.9) 14(38.9) 1.2(0.6,2.5) 114 (32.0) 41(42.7) 1.6(1.0,2.5) 1.4(0.8,2.3)
Cancer Information
AJCC Stage
I 35(8.4) 3(8.3) REF 27 (7.6) 11 (11.5) REF REF
II 295(70.9) 26(72.2) 1.0(0.3,3.6) 257(72.2) 64(66.7) 0.6(0.3,1.3) 0.7 (0.3, 1.5)
1A 86 (20.7) 7(19.4) 1.0(0.2,3.9) 72 (20.2) 21(21.9) 0.7(0.3,1.7) 0.7 (0.3, 1.8)
p-trend=0.90 p-trend=0.71 p-trend=0.70
Year of Diagnosis
2006-2009 287 (69.0) 30(83.3) REF 240 (67.4) 77(80.2) REF REF
2010-2013 129 (31.0) 6(16.7) 05(0.2,1.1) 116 (32.6) 19(19.8) 0.5(0.3,0.9) 0.5(0.3,0.9)
Patient Information
BMI at diagnosis (kg/m?)
Normal weight (18.5-<25) 148 (35.6)  0(0.0) - 129 (36.2) 19(19.8) REF REF
Overweight (25-<30) 133 (32.0) 10(27.8) --- 115(32.3) 28(29.2) 1.7(0.9,3.1) 1.6 (0.9,3.1)
Obese (30-<35) 78 (18.8) 10 (27.8) --- 67 (18.8) 21(21.9) 2.1(1.1,4.2) 2.1(1.0,4.4)
Severely Obese (35+) 57 (13.7) 16 (44.4) --- 45 (12.6) 28(29.2) 4.2(2.2,8.3) 4.1(1.9,8.9)

P-trend <0.0001  P-trend=0.0006
Menopausal Status
Pre/peri-menopausal 196 (47.1) 8(22.2) REF 174 (48.9) 30(31.3) REF REF
Post-menopausal 220(52.9) 28(77.8) 3.1(1.4,7.0) 182 (51.1) 66 (68.7) 2.1(1.3,3.4) 1.1(0.6,2.3)
Comorbidity/White Blood Cell Count, Before Diagnosis
Any Pre-existing Comorbidity

No 291(73.3) 17(48.6) REF 254 (74.9) 54 (58.1) REF REF
Yes 106 (26.7) 18(51.4) 2.9(1.4,5.8) 85(25.1) 39(41.9) 2.2(1.3,3.5) 1.7 (1.0, 2.8)
Pre-existing Diabetes
No 362(92.6) 27(77.1) REF 310(92.8) 79(85.9) REF REF
Yes 29 (7.4) 8(22.9) 3.7(1.5,89) 24 (7.2) 13 (14.1) 2.1(1.0,4.4) 1.2(0.5,2.7)

Pre-existing Cardiovascu-
lar Disease
No 354(90.8) 26(78.8) REF 305(91.3) 75(84.3) REF REF
Yes 36(9.2) 7(212) 2.6(1.1,6.5) 29 (8.7) 14 (15.7) 2.0(1.0,3.9) 1.5(0.7,3.1)
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Table 3 (continued)

FCDP <90% ARDI <90%, Over All Cycles
N (%) Unadjusted N (%) Unadjusted Adjusted®
NoN=416 Yes OR (95% CI) NoN=356 Yes OR (95% CI) OR (95% CI)
(92.0) N=36 (78.8) N=96
(8.0) (21.2)
Pre-existing Neuropathy
No 363 (93.6) 30(88.2) REF 311(93.7) 82(91.1) REF REF
Yes 25(6.4) 4(11.8)  1.9(0.6,5.9) 21(6.3) 8(8.9) 1.4 (0.6, 3.4) 1.1(0.4,2.6)
Pre-existing Renal/Liver
Disease
No 260 (91.8) 28(84.9) REF 308 (91.9) 80(88.9) REF REF
Yes 32(8.2) 5(15.2)  2.0(0.7,5.6) 27 (8.1) 10 (11.1) 1.4(0.7,3.1) 1.2(0.5,2.7)
Pre-existing Neutropenia/
Thrombocytopenia
No 396 (95.9) 34(94.4) REF 341 (96.6) 89(92.7) REF REF
Yes 17 (4.1) 2 (5.6) 1.4 (0.3,6.2) 12 (3.4) 7(7.3) 2.2(0.9,5.8) 2.4 (0.9, 6.8)
Charlson Comorbidity Index
0 392(94.2) 35(97.2) REF 342 (96.1) 85(88.5) REF REF
1+ 24 (5.8) 1(2.8) 0.5 (0.1, 3.6) 14 (3.9) 11 (11.5) 3.2(1.4,7.2) 2.2(0.9,54)
White Blood Cell Count
x10%/uL, Prior to First
Chemotherapy
Low (<10) 384 (92.3) 30(83.3) REF 327(91.9) 87(90.6) REF REF
High (>10) 32(7.7) 6(16.7) 2.4(09,6.2) 29 (8.2) 9(9.4) 1.2 (0.5, 2.6) 1.3(0.4,3.8)

ABRREVIATIONS: ACT (Cyclophosphamide + Doxorubicin, followed by Paclitaxel); AJCC (American Joint Committee on Cancer); BMI
(body mass index); OR (odds ratio)

# Analyses adjusted for the following variables, from the medical record: Age at diagnosis (< 50, 50-<65, 65+), race (Non-Hispanic White, Non-
Hispanic Black, Hispanic, or Other, and BMI (Normal (18.5-<25 kg/m?), Overweight (25-<30 kg/m?), Obese (30-<35 kg/m?), Severely Obese
(35+kg/m2)), and first white blood cell count continuous, (x10%/uL)

b Other group includes Asians (N'=66), Pacific Islanders (N=2), and American Indian and Alaskan Natives (N=17)

eTable 1 BMI-Dosing Analyses, Further Adjusted for Year of Diagnosis and Comorbidity
RDI <90%, Over All Cycles
N (%) Unadjusted Adjusted® Adjusted + Year Dx and comorbidity®
NoN=356 YesN=96 OR (95% CI) OR (95% CI) OR (95% CI)

BMI at diagnosis (kg/m?)

Normal weight (18.5-<25)  129(36.2)  19(19.8)  REF REF REF
Overweight (25-<30) 115(32.3)  28(29.2)  1.7(0.9,3.1) 1.6 (0.9, 3.1) 1.4 (0.7,2.8)
Obese (30-<35) 67(18.8)  21(21.9)  2.1(1.1,4.2) 2.1(1.0,4.4) 1.8 (0.8,3.9)
Severely Obese (35+) 45(12.6)  28(292) 42(2.2,83) 4.1(1.9,8.9) 3.3(1.5,7.4)

P-trend <0.0001  P-trend=0.0006 p-trend=0.006
# Analyses adjusted for the following variables, from the medical record: Age at diagnosis (< 50, 50-<65, 65+), race (Non-Hispanic White, Non-
Hispanic Black, Hispanic, or Other, and BMI (Normal (18.5-<25 kg/m?), Overweight (25-<30 kg/m?), Obese (30-<35 kg/m?), Severely Obese
(35+kg/m?)), and first white blood cell count continuous, (x10°/uL)

b Analyses adjusted for the following variables, from the medical record: Age at diagnosis (< 50, 50-<65, 654), race (Non-Hispanic White, Non-
Hispanic Black, Hispanic, or Other), first white blood cell count continuous, (x10*/uL), year of diagnosis (2006—2009 vs. 2010-2013), and any
pre-existing comorbidity (no vs. yes)

those treated in 20062009 (OR:0.5; 95% CI:0.3-0.9). This  notably, none of these associations maintained statistical
association remained after accounting for other covariates.  significance in adjusted models.

The presence of any comorbidity was associated with the To address concern that the BMI-ARDI association may
odds of dose reduction, and maintained significance in  be residually confounded by factors associated with ARDI,
adjusted models (OR:1.7; 95% CI:1.0-2.8). While diabe-  but not included in the a priori set of covariates (age, race/
tes, cardiovascular disease, and the Charlson Comorbidity  ethnicity, WBC count), we conducted a sensitivity analy-
Index were associated with ARDI in unadjusted models,  sis further adjusting the adjusted BMI-ARDI association
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for the two additional covariates found to maintain statisti-
cal significance in adjusted models: calendar time and any
pre-existing comorbidity. As shown in eTable 1, findings
were robust, with BMI still very strongly associated with
the ARDI (p-trend:0.006), albeit with a weaker effect esti-
mate (OR severely obese vs. normal weight:3.3; 95% CI:
1.5-7.4).

Discussion

In a cohort of women receiving ACT for treatment of breast
cancer at KPNC from 2006 to 2013, BMI was strongly asso-
ciated with dose reduction, and the prevalence of dose reduc-
tion increased with increasing BMI. This was observed for
both FCDP and the ARDI, overall and by each individual
drug. Associations between obesity and the ARDI persisted
in multivariable models, including age, race/ethnicity, WBC
count. Dose reduction was more common in older individu-
als, individuals with comorbid conditions, and individuals
who were treated in earlier years, and it should be noted that
the significant BMI-ARDI association persisted even after
adjustment for these other significantly associated factors.

Among patients receiving ACT, first cycle dose reduc-
tions were more common in obese patients, with a strong
gradient observed across BMI categories, consistent with
prior studies [1-6]. Because no normal weight patients
received dose reductions > 10% in the first cycle, we were
unable to calculate an OR for first cycle dose reduction,
reflecting the shear strength of association. It is possible
that association between BMI and first cycle dose reduction
may have been, in part, driven by comorbid conditions or
other factors. However, because the association with obe-
sity was so strong, it is unlikely to be entirely explained
by confounding. Notably, in analyses of the ARDI (where
we were able to conduct multivariable adjustment), we
observed strong associations between BMI and ARDI,
after adjusting for a priori selected covariates (age, race/
ethnicity, and white blood cell count). Furthermore, this
finding was robust and maintained significance when fur-
ther adjusting for additional factors found to be significantly
associated with the ARDI in our adjusted models (calendar
time and any comorbidity). Thus, it seems unlikely that the
association between BMI and dose reduction is reflecting
confounding. Even so, further work is needed to assess the
extent to which these associations persist in a larger sample
that can carefully adjust for a range of covariates, including
individual comorbidities. In future studies, it would be help-
ful to see if these associations hold in contemporary data
and in additional community settings.

Interestingly, we found that the pattern of dose reduc-
tion with increasing BMI holds across individual drugs,
indicating that these dose reductions are not drug-specific
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but rather indicate a consistent pattern of dose reducing
obese patients. Future studies, using data on a wider range
of drug combinations, should examine whether this pat-
tern holds across individual drugs in different regimens,
as well.

We did not observe a statistically significant associa-
tion between race/ethnicity and dosing, as was observed in
an earlier study of 489 breast cancer patients treated with
cyclophosphamide-containing adjuvant chemotherapy for
localized or regional (stages I-III) breast cancer at one
of 10 treatment sites in New York and Michigan [9]. The
observed difference in findings could be due to a difference
in study years (1985-1997 vs. 2006-2013 in the current
study). It is also possible that there is less dose reduction
of underrepresented patients in a large integrated health-
care delivery system, where we might expect more stan-
dardization of patient care, although it should be noted that
an association between race/ethnicity and chemotherapy
dosing was observed in KPNC ovarian cancer patients
diagnosed between 2000 and 2013 [17]. Even though not
statistically significant, the OR suggests that non-Hispanic
Black women may be more likely to receive a dose reduc-
tion, particularly in the first cycle; this small study may be
underpowered to detect a modest association between race/
ethnicity and dosing, and thus this association needs to be
evaluated in a larger study.

For the first time, we observed that older adults were
more likely to be dose reduced, including at the outset
of chemotherapy, which could potentially reflect concerns
about toxicity, frailty, comorbidity, or concern about
decreased bone marrow reserve with increasing age, par-
ticularly since we observed evidence of increased dose
reduction among those with comorbidities. That said,
no significant associations were observed for individual
comorbidities, especially after adjustment, possibly given
the small sample size and limited power. Importantly, dose
reduction as characterized by FCDP and ARDI decreased
over time, which may be expected given the release of the
2012 ASCO guidelines stating that obese patients should
be given the full BSA determined dose [8]. Further work
might examine whether this pattern is a reflection of the
release of the 2012 ASCO guidelines, the implementa-
tion oncology-specific modules streamlining electronic
chemotherapy prescribing, or other factors. It would also
be informative to better understand the extent to which
patients remain dose reduced in current clinical practice
and how the associations between dosing and obesity, age,
and comorbidity have changed over time. Given the time
period of this study, we were unable to address these ques-
tions in the current study, but we are currently conducting
expanded research, using more recent data, to examine
these questions.



Breast Cancer Research and Treatment (2024) 203:565-574

573

This study has several important strengths. KPNC is an
integrated healthcare delivery system with clinical databases
that captured detailed information on chemotherapy, including
the drugs, dates, and dosages received, detailed sociodemo-
graphic information, and clinical factors, including measures
of height and weight, as well as detailed data about the cancer
diagnosis and patient comorbidities; thus, relevant data were
available in this real-world healthcare setting. Medical chart
review was also possible when it was needed to determine
intended regimens. However, as no normal weight patients
experienced first cycle dose reduction, we were unable to
obtain estimates using this as a reference category. We were
able to examine impacts of select covariates on ARDI esti-
mates. However, further well-powered analyses will be
needed, particularly for individual comorbidities and race/
ethnicity, where we were not well-powered to detect modest
associations and had to collapse groups for analyses. Con-
temporary analyses will be needed to also examine whether
these observations are relevant for other breast cancer che-
motherapy regimens, and to examine whether dose reduction
and these associations occur in recent years. With increasing
awareness of dose optimization to reduce toxicity which may
influence initial dosing strategies, these patterns may be more
complex in recent data. In analyses of the ARDI, we did not
examine toxicities occurring over the course of chemother-
apy, which would affect subsequent dosing and provide clini-
cal rationale for such dose reduction. Even so, we observed
the same clear pattern with obesity and first cycle dose reduc-
tion, albeit in a smaller proportion of patients, before any such
toxicity would have occurred. Future work will be needed to
assess the impact of toxicity on ARDI.

In summary, this study demonstrates the usefulness of
data from integrated healthcare delivery systems to extract
and determine precise chemotherapy variables. Results sug-
gest that obese women were more likely to receive dose
reductions, as were older women, women with comorbid
conditions, and women diagnosed in earlier years- suggest-
ing potential impact of the release of the ASCO guidelines
in 2012 [8]. Further work is needed to assess whether these
associations persist in other breast cancer regimens and
in more recent years, particularly after the release of the
ASCO guidelines. Whether dose reductions impact patient
outcomes, including toxicity, recurrence, and survival, is
important to better understand the impact of decision mak-
ing on outcomes for patients.
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