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Key Points

• Empiric reduction or
delay of doxorubicin
in patients with
disease-related
hyperbilirubinemia may
reduce disease control.

• Pharmacokinetic
analyses show
doxorubicin plasma
concentrations and
toxicity are within the
range of patients
without hepatic
impairment.
_adv-2022-00
Aggressive lymphomas are curable with doxorubicin-based chemotherapy. In patients

presenting with elevated serum bilirubin, doxorubicin is commonly dose reduced or

delayed based on limited pharmacokinetic data. We evaluated plasma pharmacokinetics of

doxorubicin and its metabolite doxorubicinol as well as toxicity in 59 patients with normal

bilirubin levels and 10 patients with elevated bilirubin levels. Patients received full-dose

EPOCH +/−rituximab. Median (range) age was 51 (18-75) years. Patients with elevated

bilirubin levels had higher international prognostic index and poorer performance status.

Although median doxorubicin clearance was lower and median plasma doxorubicin and

doxorubicinol concentrations were higher in patients with elevated bilirubin levels, values

were within the concentration range observed in patients with normal levels. Rates of

febrile neutropenia were similar between groups, but there was greater grade 4

neutropenia and thrombocytopenia during the first but not subsequent treatment cycles in

patients with elevated bilirubin. More grade 3/4 gastrointestinal and neurotoxicity occurred

in patients with elevated bilirubin during the first but not subsequent cycles. Although

toxicity was greater on cycle 1, the adverse effects were managed safely. These results show

that empiric dose reductions of continuous infusion doxorubicin may not be necessary in

patients with elevated bilirubin levels. This trial was registered at www.clinicaltrials.gov as

#NCT00001337, #NCT00069238, and #NCT00005780.
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Introduction

Doxorubicinis essential for the curative treatment of aggressive lymphoma.1 Doxorubicin is metabolized
in the liver, with approximately 80% excreted in the bile, and patients with cholestasis are reported to
have delayed clearance with greater systemic toxicity.2-4 Although infrequent, patients with lymphoma
may present with disease-related hepatic dysfunction, resulting in empiric dose reductions or delays
due to concern over delayed metabolism and enhanced toxicity.5 The reasoning for these empiric dose
modifications has not been prospectively examined or considered in relapsed/refractory patients.5-7 We
performed a detailed doxorubicin pharmacokinetic (PK) and toxicity analysis in patients with and without
hepatic dysfunction who received dose-adjusted (DA) EPOCH+/−R (etoposide, prednisone, vincristine,
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The full-text version of this article contains a data supplement.
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cyclophosphamide, doxorubicin and +/−rituximab) for newly diag-
nosed aggressive lymphomas. DA-EPOCH+/−R contains all anti-
neoplastic agents present in standard R-CHOP but administers
doxorubicin over 96 hours compared with several minutes and
dose adjusts based on the absolute neutrophil count (ANC) nadir.8

Methods

Patients with untreated aggressive lymphomas were enrolled in 1
of 3 phase 2 studies of DA-EPOCH+/− R between July 1999 and
August 2004.8 Among 403 patients, 69 had PK sampling. All
patients received full dose DA-EPOCH (doxorubicin 40 mg/m2)
infused over 96 hours on cycle 1 regardless of hepatic function,
with subsequent doses adjusted according to a standard algorithm
(see supplement Table 1).8 Daily granulocyte-colony stimulating
factor at 5 μg/kg per day rounded to 300 μg or 480 μg was started
on day 6 and continued until ANC > 5 × 109/L. Pneumocystis
jirovecii prophylaxis was required in all patients. Samples were
collected during cycle 1 and all subsequent cycles: 0 hours
(baseline), 22 hours, and 94 hours. Patients provided written
informed consent in accordance with the Declaration of Helsinki,
and the studies were approved by the Institutional Review Board.

Doxorubicin and its metabolite doxorubicinol were quantified by
high-performance liquid chromatography with fluorescence
detection after solid phase extraction. Doxorubicin clearance,
Table 1. Patient characteristics and toxicities in patients with elevated b

Patient characteristics

Elevated bilirubin

N = 10

Median age, y 39 (18-56)

Male sex (%) 5/10 (50)

Lymphoma type (%)

B cell 5/10 (50)

T cell 5/10 (50)

Stage III/IV (%) 10/10 (100)

Elevated lactate dehydrogenase (%) 7/10 (70)

Involvement > 1 extranodal site (%) 6/10 (60)

Performance status ≥ 2 (%) 7/10 (70)

IPI (intermediate high/high risk) (%) 7/10 (70)

Bilirubin, total (median) 2.7 mg/dL

Bilirubin, total (range) 1.2-22.5 mg/dL

Toxicity (390 cycles assessed)

Cycle 1 All c

ANC < 500/mm3 (% cycles) 9/10 (90) 29/4

Platelet < 25 × 103/mm3 (% cycles) 4/10 (40) 12/4

Febrile neutropenia (% cycles) 2/10 (20) 4/4

G3/4 GI toxicity and neurotoxicity (% cycles) 3/10 (30) 5/4

Response (%)

Complete response 7/10 (70)

Partial response 0/10 (0)

Stable disease 1/10 (10)

Progressive disease 2/10 (20)

IPI, international prognostic index; n/a, there is no legitimate p-value since the categories are fo
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doxorubicin steady-state concentrations (Css), and doxorubicinol
Css were analyzed as previously described.9 Toxicity was graded
on each cycle using CTCAE version 2.0.
Results and discussion

Of 69 patients with PK samples, 59 had normal and 10 had elevated
total bilirubin levels (>1.0 mg/dL, the cutoff for normal at our insti-
tution). Patient characteristics were similar between the 2 groups
except for a higher proportion of Eastern Cooperative Oncology
Group performance status >2 and high/high-intermediate interna-
tional prognostic index in the elevated bilirubin group (Table 1). Of the
10 patients, 2 had large extrahepatic periportal masses, 2 had
nonspecific liver abnormalities, 1 had massive liver metastasis, 1 had
numerous small hepatic lesions, 1 had hepatosplenomegaly without
focal masses, and 4 had no computed tomography imaging evidence
of liver abnormalities. All in all, 6 of the 10 patients had imaging signs
of hepatic/perihepatic abnormality related to lymphoma. Of the 4
patients with normal liver findings on computed tomography, 2 had
had a history of autoimmune hepatitis, 1 had Gilberts syndrome, and
1 had no other known cause of elevated bilirubin level and so was
presumed to be related to lymphoma. Hepatitis B and C was
checked; there were no cases of hepatitis C, and 1 patient with
chronic hepatitis B was on lamuvidine. No concomitant medications
were given that affected hepatic clearance.
ilirubin and normal bilirubin levels prior to therapy

Normal bilirubin

PN = 59

52 (20-75) .24

30/59 (51) 1.00

52/59 (88) .011

7/59 (12)

44/59 (75) .10

27/59 (46) .19

30/59 (51) .74

12/59 (20) .0032

21/59 (36) .078

0.5 mg/dL n/a

0.2-1 mg/dL

ycles Cycle 1 All cycles P (C1)

4 (66) 30/59 (51) 195/337 (58) .035

4 (27) 4/59 (7) 21/337 (6) .013

4 (9) 5/59 (8) 36/337 (11) .27

4 (11) 8/59 (14) 36/337 (11) .19

49/59 (83) .38

3/59 (5) 1.00

1/59 (2) .27

5/59 (8) .27

rmed based on the bilirubin being within the normal or elevated range.
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The pretreatment median total bilirubin was 2.7 mg/dL (1.5-22.5)
and 0.5 mg/dL (0.2-1) in patients with and without hepatic
dysfunction, respectively. Among patients with elevated bilirubin
levels, median direct bilirubin was 1 mg/dL (0.3-16.5) and median
indirect bilirubin was 2.1 mg/dL (0.5-6). The median bilirubin level
improved to 1.6 mg/dL (0.4-8.1) after cycle 1. Nine of 10 patients
with elevated bilirubin level improved after cycle 1, and all
normalized by cycle 4 (supplement Table 2).

Themedian (range) doxorubicin clearance in patients with elevated vs
normal bilirubin was 393 mL/min/m2 (294-616) vs 622 mL/min/m2

(262-5950) (P= .0048) during cycle 1. Themedian (range) of plasma
doxorubicin Css at 96 hours were 0.029 (0.020-0.042) vs 0.019
(0.002-0.035) μM (P= .0036) (Figure 1), and doxorubicinol Csswere
0.030 (0.018-0.050) vs 0.019 (0.003-0.036) μM (P = .0050) in
patients with elevated vs normal bilirubin levels during cycle 1
(supplement Table 3). Notably, among patients with elevated bilirubin
level, there was a significant correlation between pretreatment bili-
rubin levels and Css, indicating the degree of bilirubin elevation is a
surrogate for these parameters. In patientswith elevatedbilirubin level,
median doxorubicin clearance increased on subsequent cycles
whereas patientswith normal bilirubin level had similar clearance onall
cycles. Over the course of treatment, the median plasma doxorubicin
Css was higher in patients with elevated bilirubin level compared with
patients with normal bilirubin level.

Although doxorubicin clearance was lower and Css of doxorubicin
and doxorubicinol was higher in patients with elevated bilirubin level
A
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Figure 1. Box plot showing doxorubicin clearance and steady-state concentration

concentration (B) per cycle in all patients. For patients with normal bilirubin, each box repr

extending from the box represents the normal range (± 1.5 times the interquartile distance

range. Patients with elevated bilirubin are represented with colored circles. Numerical values

determinations for patients at each cycle is C1 = 49; C2 = 52; C3 = 45; C4 = 52; C5 =
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during cycle 1, these values were nonetheless within the range of
values observed in patients with normal bilirubin concentrations.7,10

Furthermore, on subsequent cycles, the drug clearance increased
in these patients, commensurate with normalization of bilirubin
concentrations due to disease response.

To assess the clinical relevance of doxorubicin clearance, we
analyzed toxicity on cycle 1 in patients with elevated vs normal
pretreatment bilirubin concentrations (Table 1). The incidence of
grade 4 neutropenia was higher on cycle 1 in patients with elevated
bilirubin level but comparable over all subsequent cycles in the
2 groups. Febrile neutropenia was not statistically different between
the 2 groups on cycle 1 (20% vs 8%) and over all cycles (9% vs
11%) for patients with and without elevated bilirubin levels. A dif-
ference in cycle 1 cannot be excluded secondary to low numbers. In
contrast, the incidence of grade 4 thrombocytopenia was higher on
cycle 1 (40% vs 7%) and over all cycles (27% vs 6%) in patients with
elevated bilirubin level. However, this was not associated with an
increased incidence of bleeding. Grades 3 and 4 gastrointestinal
toxicity and neurotoxicity combined were also higher in patients with
elevated bilirubin level (30% vs 14%) but only on cycle 1. Gastro-
intestinal toxicities included stomatitis and constipation; neurotox-
icity included syncope and confusion, which are attributable to
vincristine. Toxicities were assessed prior to each cycle, and every
3 months after completing treatment until death or loss to follow-up.

One patient in the elevated bilirubin group had a dose increase in
chemotherapy from level 1 to level 2 based on protocol parameters
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for cycle 2, but all other patients stayed at the same dose as cycle
1 (dose level 1). In contrast, 45% of patients with normal bilirubin
were able to escalate to dose level 2 on cycle 2. For subsequent
cycles in the elevated bilirubin group, approximately half of patients
continued to dose escalate, except for 1 patient who had a dose
decrease. Most patients with normal bilirubin were able to dose
escalate on cycles 3 to 6 (75% of patients during cycle 3 and
approximately 80% on cycles 4-6). Although there were signifi-
cantly more dose increases in patients with normal bilirubin levels,
the complete remission rates between the 2 groups were similar
(Table 1). Notably, among the patients with elevated pretreatment
bilirubin levels, there was no correlation with the ANC nadir
(r = 0.38; Spearman Correlation) or the occurrence of fever and
neutropenia (P = .29; Wilcoxon rank sum test), indicating that the
degree of bilirubin elevation is not predictive of toxicity.

Because we did not adjust the doses of other drugs in DA-EPOCH
for bilirubin, we cannot rule out their contribution to the toxicity
observed on cycle 1. Notably, however, we previously reported that
the plasma clearance and Css of etoposide are unaffected in
patients with elevated bilirubin level,11 as has been reported for
cyclophosphamide.12

Although we observed an association between PK parameters and
elevated bilirubin, the parameters were within the range measured
in patients with normal bilirubin levels, and more severe toxicity was
manageable in patients with elevated bilirubin levels. Although
there was a significant correlation between pretreatment bilirubin
levels and doxorubicin PK on cycle 1, the absence of correlation
between bilirubin level and toxicity does not support adjusting the
532 LAI et al

/

doxorubicin dose based on the bilirubin concentration. Thus, these
results indicate that patients with secondary hepatic impairment
due to lymphoma should be considered for full-dose infusional
doxorubicin. Indeed, empiric dose reductions or delays of doxoru-
bicin must be carefully weighed against adverse effects on the
curative potential of treatment. These results cannot be extrapo-
lated to R-CHOP, which used bolus dose doxorubicin. Although
doxorubicin metabolism is not saturable, indicating clearance is
unaffected by schedule, higher sustained concentrations associ-
ated with bolus vs infusional schedules may further increase toxicity
in patients with elevated bilirubin levels.13
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