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Abstract

Background: Administration of doxorubicin by continuous intravenous (CIV) infusion,

versus bolus (BOL) administration, has been proposed to mitigate the risk of cardiac

events. This study used real-world data to explore the association between mode of

doxorubicin administration and duration of treatment, time-to-treatment failure

(TTF), and cardiac events.

Methods: Occurrence of cardiac events after initiation of BOL versus CIV doxorubi-

cin for sarcoma in the International Business Machines MarketScan claims database

were compared. Duration of doxorubicin treatment, TTF, and time-to-first-cardiac

event (TCE) were evaluated using Kaplan–Meier method and unadjusted and

adjusted Cox regression models.

Results: A total of 196 patients were included in the BOL group and 399 in the CIV

group. In unadjusted analyses, there were significant differences between BOL ver-

sus CIV for duration of doxorubicin treatment (median 1.4 vs. 2.1 months, p = .002),

TTF (median 8.8 vs. 5.6 months, p = .002), and TCE (medians not reached, p = .03).

Adjusting for baseline covariates, only TTF remained significant (hazard ratio: 0.71,

95% confidence interval 0.59–0.86, p = .0004), favoring BOL.

Conclusions: While the risk of cardiac complications was higher with BOL in unad-

justed analysis, the risk was no longer present in the adjusted analysis. While we can-

not draw causal inferences due to the retrospective, nonrandomized study design,

these data suggest that replacing BOL with prolonged CIV administration has not

been effective as a strategy to mitigate cardiac events, given community standards of

oncologic practice.

K E YWORD S

anthracycline, cardiotoxicity, doxorubicin, infusion, retrospective, sarcoma, bolus

1 | BACKGROUND

Since its introduction in the 1970s, doxorubicin and related anthra-

cyclines have played critical roles in the management of a variety of

malignancies, including sarcomas. With limited exceptions,

doxorubicin remains the backbone of treatment for advanced sar-

coma, either as monotherapy or as part of multi-drug treatment

regimens.1–5
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The clinical utility of anthracycline therapy is limited by

dose-dependent cardiomyopathy.6 Increased risk of cardiac events

is associated with a variety of clinical and treatment factors.

Patient factors include extremes of age, pre-existing heart disease,

female sex, hypertension, and prior receipt of mediastinal irradia-

tion. Treatment factors may include rate of drug administration,

and critically cumulative anthracycline dose. Cumulative doses of

doxorubicin less than 300 mg/m2 generally have a low risk of cardiotoxi-

city; this represents a threshold value above which institution of cardio-

protective measures is justified.7 In early studies, the nonlinear

relationship between cumulative doxorubicin dosing and development of

clinical congestive heart failure suggested a limitation in dosing of

550 mg/m2, with a lower limit of 450 mg/m2 considered prudent in

patients receiving multi-agent chemotherapy or cardiac irradiation.4,5 The

lower limit is generally observed in current dosing with doxorubicin.1–3

Several strategies have been explored to minimize cardiac events.

These include limiting total lifetime anthracycline dose,8 development

of anthracycline derivatives with less cardiotoxicity (e.g. epirubicin, lipo-

somal encapsulation9–13), and use of dexrazoxane, a cardioprotective

agent.7,8 All of these approaches are used variously in the management

of patients receiving anthracycline therapy, including sarcoma patients,

but none has yet been adopted as a standardized approach.

Altering the manner of drug administration from bolus (BOL) to

continuous intravenous infusion (CIV) is another strategy to control

anthracycline cardiotoxicity.14 The benefit of this approach was

hypothesized as being due to lower peak plasma anthracycline levels

in those receiving CIV treatment, versus BOL.15,16 Progressively lon-

ger infusion times (24–96 h) yielded lower peak plasma drug levels,

versus short (5 min) BOL administration. Cardiac effects were

assessed by serial endomyocardial biopsies, which yielded a patho-

logic score of cardiotoxicity characteristic of anthracycline effects. At

a given cumulative dose of doxorubicin, patients receiving BOL dosing

had higher mean pathologic scores than those receiving CIV dosing,

and demonstrated a dose-dependent increase in the pathologic score.

In contrast, those receiving CIV had essentially stable pathologic

scores with increasing cumulative doxorubicin dose.

The benefit of CIV administration was tested in four randomized tri-

als, published 1989–1991.9,17–19 These studies varied in their sample

sizes, target populations (breast/ovarian cancer, sarcoma; adjuvant

vs. metastatic disease), cardiac assessment methods, definitions of cardi-

otoxicity, treatments (doxorubicin alone vs. combination therapy), dura-

tion of CIV (6–96 h), and comparison treatments (BOL epirubicin used as

comparator in one trial).9 Nevertheless, these trials gave a consistent

message: CIV administration of doxorubicin was associated with

decreased cardiotoxicity. Notably, all four trials made provision to exceed

the 450 mg/m2 dosing limit noted above, if judged clinically beneficial. A

meta-analysis suggested odds ratios for clinical and sub-clinical cardio-

toxicity of 4.13 (95% CI 1.75–9.72) and 3.04 (95% CI 1.66–5.58), respec-

tively, favoring CIV over BOL treatment.11

Despite these data, BOL administration of doxorubicin is com-

monly used in sarcoma treatment, including in large, randomized clini-

cal trials, most commonly with the caveat of limiting cumulative

dosing to 450 mg/m2.1–3 This is equivalent to six cycles of treatment

at a standard dose of 75 mg/m2. For example, the SARC021 trial

permitted investigators, at their discretion, to administer doxorubicin

by either BOL or CIV.3,20 Doxorubicin was administered by CIV in

only 84/640 (13.1%) of those enrolled.20 In a post hoc analysis, after

adjusting for demographic, clinical, prognostic, and treatment factors,

there was no difference in either efficacy or adverse events (cardiac,

hematologic, or nonhematologic) based on manner of doxorubicin of

administration. Cardiac adverse events were associated with cumula-

tive doxorubicin dose. No statistically significant interaction between

doxorubicin dose and mode of administration was evident.

Doxorubicin continues to be a critical agent in sarcoma manage-

ment. However, as presently used, are sarcoma patients being harmed

by its logistically simpler BOL administration, rather than CIV? To

address this knowledge gap, this study evaluated real-world data to

understand better the relationship between mode of doxorubicin

administration (BOL vs. CIV) and cardiac events, as well as between

mode of administration and the duration of doxorubicin treatment

and time-to-treatment failure (TTF).

2 | METHODS

2.1 | Data source

The International Business Machines (IBM) MarketScan® (formerly Tru-

ven) databases contain de-identified, Health Insurance Portability and

Accountability Act (HIPAA)-compliant, fully integrated, patient-level

inpatient, outpatient, and drug data from commercial, Medicaid and

employer-sponsored Medicare supplemental plans.21 MarketScan data-

bases have been used in over 300 peer-reviewed articles published in

leading journals since 1990. The databases reflect the real-world health-

care experience of employees, retirees, and dependents covered by the

health benefit programs of large employers. Data are collected from

approximately 350 different insurance companies and third-party

administrators. Rigorous validation methods are utilized to ensure that

claims and enrollment data are complete, accurate, and reliable. The

data files contain patient enrollment information (such as basic demo-

graphic and health plan data); medical claims, including diagnosis codes

(International Classification of Disease, ICD), Current Procedural Termi-

nology (CPT) and Healthcare Common Procedure Coding System

(HCPCS) codes; inpatient and outpatient data; provider type and place

of service; pharmacy claims, including drugs dispensed and quantity

supplied; and healthcare plan and patient co-payment amounts. Studies

using de-identified databases are not considered human subjects

research by the Department of Health and Human Services and are

therefore exempted from institutional review board review by maintain-

ing appropriate privacy standards in accordance with HIPAA.22 At the

time of this analysis, data were available through December 31, 2019.

2.2 | Cohort identification

Adult patients aged 18 years or older in the MarketScan commercial

claims databases were eligible for inclusion if there was evidence of at

least two cancer codes for sarcoma (ICD-9: 171.x or ICD-10: C49.x)
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on two different dates on or after January 1, 2008. Additionally, at

least two claims for doxorubicin were required for inclusion in this

study. Patients with less than 6 months of uninterrupted enrollment

in the database were excluded from this analysis. Additionally,

patients with at least two outpatient codes or one inpatient code for

atrial fibrillation, cardiac arrest, unstable angina, cardiomyopathy,

myocardial infarction or congestive heart failure prior to the first claim

for doxorubicin were excluded to avoid misattributing pre-existing

conditions for cardiac events relevant to this study.

Patients were considered to be treated for metastatic disease if

codes indicating metastatic disease were present ±90 days of the ini-

tial doxorubicin infusion. Patients were considered to be treated in

the neoadjuvant or adjuvant setting if there were codes for extirpative

surgical procedures and if there were no metastatic codes observed

within ±90 days of the first doxorubicin administration. All other

patients could not be definitively categorized as having been treated

in the metastatic or adjuvant setting in the database. Patients who

had no evidence of any other systemic therapy agent (chemotherapy,

targeted therapy, or biologic therapy) from the first to last infusion of

doxorubicin were considered to have received doxorubicin monother-

apy. All others were categorized as combination therapy.

The index date for this study was defined as the date on which

the first dose of doxorubicin was administered. Patients were

assigned to the BOL group if they had short term infusion codes (CPT

96 408, 96 409, 96 411, 96 420 or HCPCS Q0083) on the same day

as the doxorubicin claim, without continuous infusion codes. Patients

were assigned to the CIV group if they had continuous infusion codes

(ICD-9: 9925; ICD-10:3E3305; CPT: 96 365, 96 366, 96 379, 96 410,

96 412–96 416, 96 422, 96 425, 96 440, 96 445, 96 446, 96 423 or

C8957) without evidence of short-term infusion codes on the same

date. Patients with both sets of codes on the same day were not

assigned to either BOL or CIV, and were not included in the primary

analyses. Finally, patients were considered to be chemotherapy-naïve

at the index doxorubicin infusion if there was no record of systemic

therapy in the database prior to receipt of doxorubicin.

2.3 | Outcomes evaluated

Time-to-event outcomes evaluated included duration of therapy, TTF,

and time-to-first-cardiac-event (TCE) code. Duration of therapy was

defined as time from the first claim for doxorubicin through the last

claim for doxorubicin, without censoring, and with inclusion of gap

periods without doxorubicin treatment. Sensitivity analyses were con-

ducted that considered these gap periods by evaluating duration of

therapy up to a 90-day or greater gap period. The event date for TTF

was defined as the number of days from index date to the first of any

of the following events1: last observation in the database if the obser-

vation occurred >4 months from end of available data2; start of a new

line of therapy based on a new claim for any systemic chemotherapy

agent after the last claim of doxorubicin in the database; or3 a hospice

claim. All patients without events were censored for the TTF analysis

at the last observation in the database. The first observation of a

cardiac event code was used for the cardiac toxicity time-to-event

analyses. Additionally, three time periods were evaluated for the

observation of the first cardiac event: early (≤1 year of the index

date); middle (>1–5 years of the index date) and late period (>5 years

after the index date).

2.4 | Statistical methods

The cumulative number of doxorubicin claims was evaluated

regarding cardiac events during the follow up period to determine

whether patients with greater number of infusions are more or less

likely to have cardiac event codes. A two-sample t-test was con-

ducted comparing presence or absence of cardiac events and num-

ber of doxorubicin claims. Chi square or Fisher's exact tests

compared, by BOL or CIV doxorubicin administration, the propor-

tion of patients with cardiac event codes overall, as well as those

occurring during the early, middle, or late periods after initiating

doxorubicin.

Time-to-event analyses (TCE, duration of therapy, and TTF) for

the BOL versus CIV groups were conducted using the Kaplan–Meier

method and log-rank test, as well as covariate-adjusted Cox

F IGURE 1 Patient eligibility diagram.
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proportional hazards regression models. Covariates in the adjusted

Cox model were selected in a stepwise manner. All variables reaching

statistical significance (p < .05) were included in the adjusted analyses.

Covariates considered included age, sex, comorbidities as measured

by the Charlson comorbidity index (CCI),23 health insurance plan type,

indication for treatment (adjuvant, metastatic, or unknown), number

of concomitant prescription drugs, doxorubicin monotherapy versus

combination therapy, and additional cancer site codes.

3 | RESULTS

A total of 1734 patients were eligible for inclusion (Figure 1). There

were 196 (11.3%) patients identified for the BOL group and

399 (23.0%) in the CIV group. All other patients had multiple treat-

ment administration codes present and could not be definitively

assigned to either BOL or CIV DOX. The characteristics of the study

cohort are summarized in Table 1. The mean age of patients in the

BOL group was 54.9 years (SD = 12.7) and in the CIV group mean age

was 50.8 years (SD = 13.0). Female patients comprised 47.9% of the

BOL group and 51.4% of the CIV group. There were similar rates of

hypertension (60% in both groups) and total prescription drug burden

(mean of 6 concomitant medications) at the time of doxorubicin initia-

tion. There were no differences in duration of follow up, with a

median of 11.6 months of follow up (95% CI: 9.6–13.4) for the

patients in the BOL subgroup versus 11.6 months (95% CI: 10.2–13.0)

for the CIV subgroup.

The most common regimens observed by group are presented in

Table 2. Most patients (86.7%) received doxorubicin monotherapy in

the BOL group, but only 20.6% of those in the CIV group received

doxorubicin monotherapy. The most common regimen received by

patients in the CIV group was doxorubicin plus ifosfamide (40.6%),

whereas only 4.6% of patients received this regimen in the BOL

group.

TABLE 1 Characteristics at the time of doxorubicin initiation.

Characteristic

Bolus administration

(N = 194)

Continuous infusion

(N = 399)

All other patients

(N = 1040)

Age, mean (SD) 54.9 (12.7) 50.8 (13.0) 47.8 (13.9)

Sex, n (%)

Female 93 (47.9) 205 (51.4) 500 (48.1)

Male 101 (52.1) 194 (48.6) 540 (51.9)

Geographic region, n (%)

North central 57 (29.4) 121 (30.3) 267 (25.7)

North east 43 (22.2) 15 (3.8) 201 (19.3)

South 67 (34.5) 180 (45.1) 426 (41.0)

West 26 (13.4) 80 (20.1) 138 (13.3)

Unknown/missing 1 (0.5) 3 (0.8) 8 (0.8)

Healthcare plan type, n (%)

Capitated or partially capitated point-of-service 1 (0.5) 5 (1.3) 16 (1.5)

Comprehensive 29 (14.9) 19 (4.8) 70 (6.7)

Consumer-driven health plan 4 (2.1) 33 (8.3) 80 (7.7)

Exclusive provider organization 1 (0.5) 1 (0.3) 16 (1.5)

Health maintenance organization 15 (7.7) 50 (12.5) 91 (8.8)

High deductible health plan 7 (3.6) 15 (3.8) 69 (6.6)

Noncapitated point-of-service 13 (6.7) 30 (7.5) 69 (6.6)

Preferred provider organization 116 (59.8) 232 (58.1) 599 (57.6)

Unknown/missing 8 (4.1) 14 (3.5) 30 (2.9)

Total prescription burden (number of unique

medications during the 6-month period prior to

DOX initiation), mean (SD)

9.1 (5.7) 9.5 (5.5) 9.2 (5.5)

Charlson comorbidity index score (comorbidities

observed during the 6-month period prior to DOX

initiation), mean (SD)

6.9 (3.1) 6.2 (3.3) 6.3 (3.2)

Hypertension (ICD-9401.x or ICD-10 I10.x observed

during the 6-month period prior to DOX initiation),

n (%)

77 (39.7) 159 (39.8) 389 (37.4)

Abbreviations: DOX, doxorubicin; ICD, international classification of disease; SD, standard deviation.
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TABLE 2 Most commonly observed regimens at the time of doxorubicin initiationa.

Regimen, n (%)

Bolus administration

(N = 194)

Continuous infusion

(N = 399)

All other patients

(N = 1040)

Doxorubicin monotherapy 170 (87.6) 82 (20.6) 184 (17.7)

Doxorubicin + ifosfamide 9 (4.6) 162 (40.6) 293 (28.2)

Doxorubicin + cisplatin 2 (1.0) 23 (5.8) 63 (6.1)

Doxorubicin + dacarbazine 1 (0.5) 58 (14.5) 74 (7.1)

Doxorubicin + olaratumab 5 (2.6) 14 (3.5) 104 (10.0)

Doxorubicin + cyclophosphamide + vincristine,

etoposide + ifosfamide

2 (1.0) 0 (0.0) 74 (7.1)

Doxorubicin + docetaxel + gemcitabine 0 (0.0) 14 (3.5) 4 (0.4)

aLimited to regimens used by >2% of patients in at least one group.

F IGURE 2 Duration of doxorubicin
treatment by mode of doxorubicin
administration, unadjusted analysis.

(A) (top): Primary analysis ignoring gap
periods. (B) (bottom): Sensitivity analysis
up to the first 90-day gap.
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3.1 | Unadjusted analyses

The duration of doxorubicin treatment was significantly different

when comparing BOL and CIV in unadjusted analyses (p = .002, unad-

justed log-rank test, Figure 2A), with a median duration of treatment

of 1.4 months (95% CI: 1.4–1.9) for BOL and 2.1 months (95% CI:

2.1–2.3) for CIV. When accounting for gap periods in the sensitivity

analysis, these differences remained statistically significant and the

median values remained consistent (1.4 months for BOL

vs. 2.1 months for CIV; p = .003, Figure 2B). There was a slight corre-

lation between the number of doxorubicin infusions and TTF

(Pearson's correlation coefficient = 0.17, p < .001). Median TTF was

8.8 months for BOL (95% CI: 6.5–10.5) vs. 5.6 months for CIV (95%

CI: 4.7–6.3) (p = .002, Figure 3).

There were no differences in cardiac outcomes for the early, middle

or late time periods after doxorubicin initiation by mode of administra-

tion (Table 3). However, when considering the entire follow-up period,

there were significant differences in the incidence of cardiac events in

unadjusted analyses (p = .03). There was also no relationship between

the cumulative number of doxorubicin claims and observation of cardiac

events in the early, middle, or late periods (p = .81, p = .26, and p = .39,

respectively) but there remained no relationship between the number of

doxorubicin claims and cardiac events (p = .75). There were significant

differences in unadjusted analysis of TCE by mode of administration

(p = .03, unadjusted log-rank test, Figure 4). Notably, censoring was high

(more than 80% in both groups) due to the relatively low number of car-

diac events observed (32 events for BOL and 41 for CIV during the

entire follow-up period); the median was not reached in either group.

F IGURE 3 Time to treatment failure
by mode of doxorubicin infusion,
unadjusted analysis.

TABLE 3 Cardiac events by mode of doxorubicin administration, unadjusted analysis.

Mode of administration

Bolus (N = 196) Continuous (N = 399)

n (%) n (%) p-value

Early period cardiac event codes present (≤365 days post index) No 174 (88.8) 369 (92.5) 0.132a

Yes 22 (11.2) 30 (7.5)

Middle period cardiac event codes present (366–1825 days post index) No 181 (92.3) 383 (96.0) 0.060a

Yes 15 (7.7) 16 (4.0)

Late period cardiac event codes present (>1825 days post index) No 194 (99.0) 397 (99.5) 0.602b

Yes 2 (1.0) 2 (0.5)

Cardiac event present at any time during the follow-up period No 164 (83.7) 358 (89.7) 0.034a

Yes 32 (16.3) 41 (10.3)

aChi-square test.
bFishers exact test.
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Without considering mode of administration, there was no differ-

ence in number of doxorubicin administrations between patients with

and without cardiac events for any time period evaluated, and there

were no differences in duration of doxorubicin administration for all

periods except for the middle period (Table 4). Median values were

not reached in either group (Figure 4).

3.2 | Adjusted analyses

Stepwise variable selection was used to identify baseline variables to

be retained in adjusted models. In the adjusted model for duration of

doxorubicin treatment, receipt of combination therapy and codes for

cerebrovascular disease, rheumatic disease, renal disease, and Kaposi's

F IGURE 4 Time to first cardiac event
by mode of doxorubicin infusion,
unadjusted analysis.

TABLE 4 Cardiac event by number of doxorubicin infusions and time to treatment discontinuation, unadjusted analysis.

Time period

Number of infusions

p-valuea

Time to treatment discontinuationb

p-valuecN
Mean (SD)
infusions

Median days
(95% CI) HRc (95% CI)

Early period (≤365 days post

index)

Patients with no

cardiac events

1572 6.0 (4.6) 0.81 69.0 (65.0, 72.0)

Patients with ≥1

cardiac event

142 5.9 (4.4) 73.5 (63.0, 86.0) 1.04 (0.88, 1.23) 0.65

Middle period (366–
1825 days post index)

Patients with no

cardiac events

1622 6.0 (4.5) 0.26 67.0 (65.0, 71.0)

Patients with ≥1

cardiac event

92 6.5 (5.0) 106.0 (85.0, 108.0) 0.72 (0.58, 0.88) 0.002

Late period (>1825 days post

index)

Patients with no

cardiac events N

1706 6.0 (4.6) 0.39 69.0 (65.0, 72.0)

Patients with ≥1

cardiac event

8 7.4 (5.5) 94.5 (22.0, 113.0) 0.94 (0.47, 1.87) 0.85

Throughout the follow-up

period

Patients with no

cardiac events N

1499 6.0 (4.6) 0.75 66.0 (65.0, 71.0)

Patients with ≥1

cardiac event

215 6.1 (4.5) 85.0 (72.0, 97.0) 0.90 (0.78, 1.03) 0.13

Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation.
aT-test.
bKaplan Meier estimates.
cCox proportional hazards regression model.
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sarcoma were retained. After adjusting for these covariates, there was

no difference in duration of doxorubicin treatment between BOL and

CIV (HR: 1.04, 95% CI: 0.84–1.30, p = .71). In sensitivity analyses con-

sidering duration of treatment until the first 90-day gap, adjusted ana-

lyses similarly found no difference in duration of therapy between

BOL and CIV (HR: 1.12, 95% CI: 0.90–1.39, p = .33).

For TTF, insurance plan type, cerebrovascular disease, metastatic

disease, diabetes with chronic complications, AIDS/HIV, or Kaposi's

sarcoma codes were retained in adjusted models. After making such

adjustment, there remained a statistically significant difference in TTF

favoring BOL over CIV (HR = 0.71, 95% CI: 0.59–0.86, p = .0004).

In the adjusted model for TCE, age, metastatic codes, Kaposi's

sarcoma codes, codes for congestive heart failure, and renal disease

were retained as covariates (Table 5). After adjusting for these covari-

ates, there was no significant difference in TCE by mode of adminis-

tration (BOL vs. CIV: HR = 1.27, 95% CI: 0.78–2.09, p = .34).

4 | DISCUSSION

This real-world database study saw statistically significant differences

in unadjusted analyses. However, after adjusting for baseline covari-

ates, there was no evidence of differences in the risk of cardiac events

linked to doxorubicin treatment for sarcoma by mode of infusion

(BOL vs. CIV). The differences observed in the unadjusted analyses

were therefore associated with those baseline factors, rather than the

method of infusion. Once the confounding factors were accounted

for, this study suggests that a mitigation strategy based on replacing

BOL administration with a prolonged continuous infusion may not

result in the hoped-for reduction in cardiotoxicity, based on the com-

munity standards for use of doxorubicin in sarcoma treatment. Fortu-

nately, cardiac events were uncommon in both treatment groups.

These findings are consistent with preliminary analyses from

SARC021, a large randomized trial comparing doxorubicin with or

without evofosfamide.20 While this was an unplanned post hoc analy-

sis, the investigators found no relationship between cardiac adverse

event outcomes for BOL versus CIV. Thus, both SARC021 trial and

the current retrospective database study consistently failed to find

value in the substitution of CIV for BOL doxorubicin administration

for the purposes of reducing cardiotoxicity when caring for patients

with sarcoma. Since CIV administration of doxorubicin is proposed to

mitigate potential harm of anthracycline therapy, our data are unable

to find evidence of harm in using the logistically more favorable BOL

administration strategy in sarcoma treatment.

This conclusion is qualified by the previously noted doxorubicin

dosing limitations typically imposed. Higher doses of doxorubicin may

be associated with better clinical outcomes from a sarcoma control

standpoint.24,25 If CIV allows such administration, then there may be

harm to patients through non-receipt of more aggressive doxorubicin

dosing. CIV administration studies have instituted the CIV interven-

tion from treatment initiation. The cohort we selected should similarly

receive CIV doxorubicin from initiation of treatment, as patients

receiving doxorubicin with both CIV and BOL codes were excluded

from the study. Perhaps delaying institution of CIV until the 300 mg/

m2 threshold is reached, would allow better acceptance of CIV admin-

istration as an intervention, focusing it on those patients more likely

to benefit.7 That being said, evidence of cardiac effects from doxoru-

bicin can be identified within hours of first doxorubicin treatment.26

This perhaps argues for earlier intervention, rather than using a

threshold defined by the probability of clinical cardiac toxicity, likely

an insensitive measure of cardiac effects. Balancing these competing

considerations is beyond the scope of this study.

The MarketScan insurance claims database used in this study was

not intended to address the questions posed herein. To use this data-

set, appropriate patient populations and endpoints needed to be iden-

tified. This required the use of surrogate markers to reflect more

conventional parameters. For example, TTF was one of the major effi-

cacy endpoint under study, yet was not a specific datapoint available

in the MarketScan database. Instead, we developed a composite defi-

nition (see methods/outcomes evaluated, above). Patients either

started a new therapy, enrolled in hospice care, or had a final data

entry time point (in the latter case leading to censoring in the time-to-

event analyses). While imperfect, we believe such a commonsense

definition reasonably reflects “treatment failure,” allowing TTF to be

assessed.

Selection of appropriate cohorts for study was also important,

and required adaptation to the nature of information available in Mar-

ketScan. As cardiac toxicity was of major interest, and no individual

cardiac assessments data (such as echocardiography results) were

available, other criteria were required to exclude those with pre-

existing cardiac dysfunction. While it would be hoped that this would

be undertaken as part of routine clinical care prior to doxorubicin

treatment, we did not assume this. Thus, patients with a significant

pre-existing history of heart disease, as determined by linkage in the

database with diagnostic codes for cardiac conditions (specifically, at

least two outpatient codes or one inpatient code) were excluded from

the study cohort. Patients linked to a single outpatient cardiovascular

disease diagnostic code could be included. The CCI also incorporates

several cardiovascular conditions.23 Interestingly, adjusted Cox regres-

sion models retained congestive heart failure and cerebrovascular dis-

ease as covariates, even though very few patients were identified

with one of these codes. This difference is likely due to the study

TABLE 5 Time to cardiac event by mode of infusion (bolus vs.
continuous), adjusted for covariates.

Hazard ratio (95% confidence

interval) p-value

Bolus versus continuous

infusion

1.27 (0.78–2.09) 0.34

Age 1.04 (1.02–1.07) 0.0003

Congestive heart failure 3.10 (1.31–7.33) 0.01

Renal disease 2.37 (1.17–4.80) 0.02

Metastatic disease 2.50 (1.42–4.40) 0.002

Kaposi sarcoma codes 0.21 (0.07–0.59) 0.003
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criteria requiring two or more cardiac codes, whereas the CCI is less

stringent. The observation of one or more codes indicates the pres-

ence of a comorbid condition on the CCI. Therefore, the comorbid-

ity covariates included presence of at least one code for congestive

heart failure and cerebrovascular disease, both of which were

retained in the final models. While very few patients reported these

codes, likely due to the exclusion criteria for the study for two or

more codes, these covariates nevertheless were retained in adjusted

models developed using stepwise regression. While causal relation-

ships cannot be inferred due to lack of randomization, these data

support the presumption that patients with a history of these fac-

tors may be at increased risk of doxorubicin-associated cardiac

events.

Despite there being no differences in the duration of treatment

between BOL and CIV in adjusted analyses, there remained significant

differences in TTF by mode of administration, after adjusting for base-

line covariates. Patients receiving BOL doxorubicin had a significantly

longer duration of time until the initiation of a subsequent therapy

than those receiving CIV doxorubicin. TTF has been evaluated as a

proxy for overall survival in advanced sarcomas; while imperfect for

that purpose, it has value as a marker of clinical outcomes.27

It is possible that patients with less favorable prognoses were

preferentially selected to receive multi-agent chemotherapy. Although

monotherapy versus multi-agent therapy was not a retained variable

in adjusted TTF models, metastatic disease was retained, possibly

serving as the prognostic indicator. The line of therapy in which doxo-

rubicin was initiated may influence TTF, but was not considered in this

study. Similarly, the utilization of dexrazoxane as a cardioprotectant

and type of post doxorubicin therapy were not evaluated.

Cardiac event failure probability was higher in BOL-treated

patients than in CIV in unadjusted analyses (Figure 4). However, in

adjusted analyses, mode of treatment administration was not signifi-

cant (Table 5). Instead, increasing age, congestive heart failure, renal

disease, and metastatic disease were associated with a higher cardiac

event probability. A code for Kaposi's sarcoma was, in contrast, pro-

tective against development of a cardiac event.

Strategies other than altering manner of doxorubicin administra-

tion are available to mitigate anthracycline cardiac risk. These poten-

tially include novel anthracycline derivatives with less cardiotoxicity

(e.g. epirubicin), liposomal encapsulation,9–13 and improving the use of

dexrazoxane, a cardioprotective agent in combination with

anthracyclines.7,8

In a recent study in which up to 8 cycles of doxorubicin (equiva-

lent to 600 mg/m2) were administered with concurrent use of the

dexrazoxane cardioprotective agent, cardiac toxicity was low (1%–3%)

regardless of the cumulative dose administered, suggesting that dex-

razoxane could be used to mitigate cardiac risk among patients with

sarcoma.25 Interim results of a prospective, single-arm phase II trial, in

which sarcoma patients receive dexrazoxane with doxorubicin from

treatment initiation, support this finding.24 While these studies also

suggest that more aggressive treatment with doxorubicin was possi-

ble, and might be associated with increased clinical benefit, their find-

ings remain preliminary, and access to dexrazoxane itself may be

limited in treatment of sarcoma patients internationally, perhaps due

to cost, regulatory hurdles, or lack of familiarity with the data.

As with all retrospective claims database studies, there are

limitations with ICD coding and the ability to identify patients with

sarcoma. This was overcome, in part, by requiring doxorubicin use in

this cohort. It is still possible that some patients with sarcoma were

coded under other disease sites and consequently excluded.28 This

could affect the generalizability of our findings. Additionally, most

patients could not be accurately categorized into a BOL or CIV infu-

sion group due to utilization of multiple codes. Instead of imputation

or algorithmic logic to increase sample size, the study team intention-

ally limited the cohorts to patients with clear coding to ensure the

groups truly represented those who received doxorubicin by either

mode. The exclusion of any patient whose infusion coding was

unclear, while markedly reducing sample size, retained the ability to

make clean comparisons between groups. Generalizability was

reduced to ensure internal validity of group assignment to answer

more accurately the primary research questions regarding the impact

of BOL versus CIV. Specifically, the conclusions drawn from this work

show that overall there are no differences in cardiac toxicities by

method of doxorubicin administration, after adjusting for baseline

covariates. However, the conclusions cannot be assumed for all spe-

cific regimens, doses or schedules of infusion. As specific regimens

that used multiple codes could not be defined as either BOL or CIV,

caution should be made in the inference of these findings to the out-

comes of specific treatment strategies.

Other key variables are not present in the claims dataset that

would have enhanced this analysis. Lack of exact doxorubicin dose

prohibited the analysis of cumulative dose effects. The total number

of doxorubicin claims was used as a surrogate, as each infusion would

be associated with a single claim. Therefore, the number of doxorubi-

cin infusions should be equivalent to the number of claims, but this

could not be verified with certainty. We assumed that a greater num-

ber of doxorubicin claims was most likely associated with higher

cumulative doses. The lack of relationship between number of doxo-

rubicin claims and cardiac events may indicate that the relationship is

likely not linear, as cumulative dose has been long known to be associ-

ated with cardiac events, or that the study lacked the power to detect

a difference in the two administration groups.4 However, with

194 BOL and 399 CIV patients, the study cohorts herein are signifi-

cantly larger than those participating in earlier randomized studies

assessing impact of administration route.

5 | CONCLUSIONS

The evidence from this study suggests that using CIV in place of BOL

administration of doxorubicin may not be associated with a reduction

in cardiotoxicity. Despite the known limitations of retrospective data-

base studies depending upon diagnostic and procedural coding, the

findings are consistent with the emerging evidence that CIV does not

mitigate the risk of doxorubicin-associated cardiotoxicity, when doxo-

rubicin is administered according to the general oncologic practices
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within the source population. This presumably would include a gener-

ally accepted limitation of the cumulative doxorubicin dose to be

received by a given patient.4,5 As BOL administration appears to have

been adopted widely in sarcoma treatment, it is reassuring that this

method does not appear to be harmful versus CIV in either increasing

cardiac toxicity or reducing treatment efficacy.
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