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Abstract
Purpose—Our objective was to evaluate the pharmacokinetics (PK) of doxorubicin during
pregnancy compared to previously published data from non-pregnant subjects.

Methods—During mid- to late-pregnancy, serial blood and urine samples were collected over 72
hours from 7 women treated with doxorubicin for malignancies. PK parameters were estimated
using noncompartmental techniques. Pregnancy parameters were compared to those previously
reported non-pregnant subjects.

Results—During pregnancy, mean (± SD) doxorubicin PK parameters utilizing 72 hour
sampling were: clearance (CL), 412 ± 80 mL/min/m2; steady-state volume of distribution (Vss),
1132 ± 476 L/m2; and terminal half-life (T1/2), 40.3 ± 8.9 hr. The BSA-adjusted CL was
significantly decreased (p < 0.01) and T1/2 was not different compared to non-pregnant women.
Truncating our data to 48 hours, PK parameters were: CL, 499 ± 116 ml/min/m2; Vss, 843 ± 391
L/m2; and T1/2, 24.8 ± 5.9 hr. The BSA-adjusted CL in pregnancy compared to non-pregnant data
was significantly decreased in 2 of 3 non-pregnant studies (p < 0.05, < 0.05, NS). Vss and T1/2
were not significantly different.

Conclusions—In pregnant subjects, we observed significantly lower doxorubicin CL in our 72
hour and most of our 48 hour sampling comparisons with previously reported non-pregnant
subjects. However, the parameters were within the range previously reported in smaller studies. At
this time, we cannot recommend alternate dosage strategies for pregnant women. Further research
is needed to understand the mechanism of doxorubicin pharmacokinetic changes during pregnancy
and optimize care for pregnant women.
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Introduction
Cancer complicates approximately 1 in 1,000 pregnancies. Chemotherapy for the mother
poses risks for the fetus, but treatment cannot always be delayed until after delivery [1].
Reports of safe use of chemotherapeutic agents such as cyclophosphamide and vinca
alkaloids in mid- and late-pregnancy exist, but in practice, management is mostly based on
case reports and retrospective studies [1]. Body surface area (BSA)-adjusted doses in the
same range as utilized in non-pregnant population have been used in pregnant subjects,
despite changes in drug pharmacokinetics that may occur during pregnancy.
Pharmacokinetic studies have rarely been performed on pregnant women receiving
chemotherapy. Only two reports estimating the pharmacokinetic parameters of
chemotherapeutic drugs during pregnancy have been published. A case report on a single
subject described enhanced clearance (CL) of paclitaxel, compared to literature values,
during late pregnancy [2]. These findings were supported by a recent study that found both
increased CL and increased volume of distribution (Vd) of paclitaxel and carboplatin in mid-
to late-pregnancy [3]. Doxorubicin CL and Vd were reported to not be significantly altered
by pregnancy following 48 hours of sampling post-dose [3]. However, the pharmacokinetic
analysis did not account for gestational increases in body weight or for active metabolites.
More data are required to understand the mechanisms for changes in chemotherapeutic drug
disposition during pregnancy and improve dosage guidelines.

Doxorubicin, an anthracycline antibiotic, has been used during pregnancy for the treatment
of malignant tumors such as breast cancer, lymphoma, and leukemia [4,5]. In non-pregnant
subjects treated with short-term intravenous infusions, doxorubicin’s disposition is usually
tri-phasic, with half-lives of less than 5 to 10 minutes, 0.5 to 3 hours, and 24 to 36 hours [6].
Doxorubicin is bound to plasma proteins (74-76%), primarily albumin [7-9]. Previously
reported volumes of distribution (mean ± SD) for doxorubicin in non-pregnant subjects with
48 hour sampling duration are 572 ± 215 to 682 ± 433 L/m2 and plasma clearance 492 ± 155
to 677 ± 229 mL/min/m2 [10-12]. In a single study with 72 hour sampling duration, plasma
clearance was 598 ± 142 mL/min/m2 [13]. Doxorubicin is eliminated primarily by hepatic
metabolism and biliary excretion [6]. The only metabolite regularly found in subjects’
plasma is doxorubicinol, an active metabolite formed primarily by carbonyl reductases and
aldoketoreductases [14, 15]. Other inactive doxorubicin metabolites in humans include
aglycones, glucuronides, and sulphates. Additionally, one-electron redox cycling of
doxorubicin, catalyzed by a number of oxidoreductases, results in the formation of free
radicals, which have been associated with the drug’s cardiotoxicity [3, 16, 17].

Doxorubicin accumulates in the placenta, and the parent drugs as well as its metabolites
have been detected in fetal tissues [18, 19]. Adverse pregnancy outcomes, including
preeclampsia at 28 weeks gestation [20], intrauterine growth restriction [21], and fetal
demise [19] have been reported when doxorubicin was administered during mid- or late-
pregnancy. However, doxorubicin appears to have a relatively better safety profile for the
post-first trimester fetus when compared with other anthracyclines [1]. The lack of
optimization of doxorubicin dosage regimen in pregnancy potentially impacts the efficacy
and safety for these patients. Given the limited information available, this study was
designed to evaluate doxorubicin pharmacokinetics in mid- and late-pregnancy as compared
to previously reported data in non-pregnant subjects.

Methods
The study was conducted at the University of Washington and Swedish Medical Centers,
Seattle, and the Georgetown University Medical Center, Washington DC, between 2006 and
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2010. The protocol was approved by the institutional review boards at each site and
conducted in accordance with their guidelines. All subjects gave written informed consent.

Patients
We studied the plasma pharmacokinetics of intravenous doxorubicin in seven pregnant
subjects. Subjects were eligible to participate if they were pregnant, at least 18 years of age,
had a hematocrit of at least 28%, and received doxorubicin for therapeutic purposes. Blood
and urine samples were collected during mid-(19, 22 and 26 weeks gestation) or late-
pregnancy (29, 32, 32 and 34 weeks) as well as at 2.6 weeks postpartum (n=1). Subjects
received cycles of intravenous doxorubicin as part of combination chemotherapy, according
to standard clinical protocols (Table 1). Six subjects received short-term infusions over 3 to
30 minutes (23.4-60.4 mg/m2). One subject received a 48-hour infusion (74.0 mg/m2).

Sample collection
Serial venous blood samples were collected at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 48
and 72 hours following the initiation of the doxorubicin infusion. Urine was collected over
the 72-hour period following the initiation of doxorubicin administration for estimation of
creatinine clearance as well as renal excretion of doxorubicin and doxorubicinol. None of
the women had a urinary catheter.

Plasma and urine sample analysis
Plasma and urine samples were stored at −80° C until analysis. Doxorubicin and
doxorubicinol concentrations were measured as previously described [22]. The recovery of
doxorubicin and doxorubicinol was approximately 94%. The limit of detection of
doxorubicin and doxorubicinol was 2 nM; the limit of quantification was 5 nM. The
standard curve was linear between 5 and 10,000 nM. The intra-day coefficient of variation
was < 5% and the inter-day variation was < 10% based on 5 replicates each.

Pharmacokinetic analysis
The pharmacokinetic parameters of doxorubicin were determined utilizing standard non-
compartmental techniques as previously described [23, 24] with WinNonLin, version 5.2.1
(Pharsight Corporation, Mountain View, CA). Compartmental modeling of the data was not
performed.

Statistical analysis
Unpaired Student’s T-test with the Welch-Satterthwaite correction for unequal variances
was used to compare our pharmacokinetic parameters to previously reported data in non-
pregnant subjects [10-13]. Subject 3 received a prolonged doxorubicin infusion and was
included only in comparisons of clearance. Subject 1 pregnancy data was included in the
statistical comparison to previously published data in non-pregnant individuals, but her
postpartum data was not used in statistical comparisons. Results are reported as mean ±
standard deviation, with P < 0.05 considered significant.

Comparator studies
Doxorubicin pharmacokinetic studies published from 1978 to 2012 involving 20 or more
non-pregnant adult subjects (both adult men and women) with normal liver function were
selected as the non-pregnant control group. Sampling durations were either 48 or 72 hours
(Table 2). One comparator study with 72 hour sampling duration was compared to our 72
hour sampling results. Three comparator studies with 48 hour sampling durations were
compared to our values truncated to 48 hours. Subjects who received doxorubicin as bolus
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administrations, short-term infusions (3 minutes to 15 minutes), or long-term infusions (45
minutes to 16 hours) were included.

Results
Subject population

A total of 7 subjects participated in the study, whose demographics are described in Table 3.
All the pregnant women were treated with doxorubicin as a component of their cancer
chemotherapeutic regimen, along with antiemetic drugs (n=7) and prenatal vitamins (n=6)
(Table 1). As expected, serum albumin concentrations were lower than reference values in
all the pregnant subjects (29 ± 4 g/L, compared to reference mean values for non-pregnant
adults of 39-44 g/L), and total protein was below normal in 6 of the subjects. Alkaline
phosphatase concentration was mildly elevated in Subject 4, as can occur in normal
pregnancy (2.5 μkat/L; normal range, 0.6-2.0 μkat/L). Otherwise, hepatic and renal function
values were within the normal range.

Pharmacokinetics
Fig.1 depicts the plasma concentration versus time curves for doxorubicin and doxorubicinol
in Subject 1 during late pregnancy and 2.6 weeks postpartum. On both study days, the initial
rapid decline in doxorubicin concentration was followed by a slower decline, which became
log-linear beyond 24 hours. Doxorubicinol appeared rapidly in plasma and its concentrations
decreased in parallel with those of doxorubicin. Doxorubicinol concentrations at 72 hours on
the late-pregnancy study day were below the limit of quantification (< 5 nM). The
concentration-time profiles of the other subjects who received short intravenous injections
were similar. Slow infusion of doxorubicin to Subject 3 resulted in a slow increase in the
doxorubicin plasma concentrations and doxorubicinol was not detectable in plasma until 8
hours after the initiation of the infusion. For all subjects, the pre-dose concentrations of
doxorubicin were below the limit of detection (2 nM).

The subjects’ pharmacokinetic parameters are reported in Table 2. The duration of sample
collection affected doxorubicin pharmacokinetic parameter estimates. Therefore for
statistical comparisons, data was truncated to the duration of sampling in the previously
published comparator studies. Utilizing our full 72 hour sample collection, doxorubicin CL
was 412 ± 80 mL/min/m2 (range, 310-536 mL/min/m2). The fraction of total AUC that was
extrapolated from 72 hours to infinite time was 21.1 ± 8.4% (data not shown). The estimated
clearance for Subject 3 (374 mL/min/m2), who was treated with a prolonged doxorubicin
intravenous infusion, was within this range. Doxorubicin pharmacokinetic parameters other
than CL were not calculated for this subject given the limited sampling following the end of
drug administration. Doxorubicin Vss and T 2 1/2 were 1132 ± 476 L/m (range, 493-1778 L/
m2) and 40.3 ± 8.9 hr (range, 31.4-56.8 hr), respectively. The AUCdoxorubicinol/
AUCdoxorubicin ratio was 0.45 ± 0.10 (range, 0.33-0.61). When comparing the
pharmacokinetics of our pregnant subjects to non-pregnant subjects in the literature with 72
hour sampling duration, the BSA-adjusted CL was significantly decreased (p < 0.01) and the
terminal half-life was not significantly different. Previously published Vss and
AUCdoxorubicinol/AUCdoxorubicin ratio estimates that utilized 72 hour sampling are not
available for statistical comparison. When Subject 1 was studied again 2.6 weeks after
delivery, her doxorubicin BSA-adjusted clearance and volume of distribution at steady state
were 36% and 28% lower than her late-pregnancy values, respectively, and doxorubicin
AUC was 57% greater. Half-life remained unchanged.

Utilizing our data truncated to 48 hours, doxorubicin clearance was 499 ± 116 mL/min/m2

(range, 336-628 mL/min/m2). The fraction of total AUC that was extrapolated from 48 hours
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to infinite time was 19.9 ± 8.3% (data not shown). Doxorubicin Vss and T1/2 were 843 ±
390 L/m2 (range, 385-1354 L/m2) and 24.8 ± 5.9 hr (range, 18.2-34.9 hr), respectively. The
AUCdoxorubicinol/AUCdoxorubicin ratio was 0.43 ± 0.1 (range, 0.31-0.57). When comparing
our truncated 48 hour sampling pharmacokinetics of pregnant women to the non-pregnant
subjects with 48 hour sample collection, our BSA-adjusted CL was significantly decreased
in 2 of 3 comparator studies. Our Vss was not significantly different compared to all three
studies. Our half-life and AUCdoxorubicinol/AUCdoxorubicin ratio did not show differences
compared to the majority of the previously reported studies.

The mean renal clearance of doxorubicin (n=4) was 178 ± 101 mL/min. The cumulative
urinary excretion of doxorubicin and doxorubicinol over the first 72 hours accounted for
19.1 ± 10.2% and 3.6 ± 3.0% of doxorubicin dose, respectively (data not shown). The
fraction of the dose collected in the urine (truncated to 48 hours following drug
administration) as doxorubicin was 18.9 ± 8.5% (n=5) and doxorubicinol was 3.2 ± 2.2%. In
comparison, previous studies reported 3.4 and 9.6% of doxorubicin dose recovered in the
urine as the parent compound and 0.8 and 3.3% as the alcohol metabolite over 5 to 7 days
following dosing [25, 26].

Patient outcome—All seven women and infants survived pregnancy. Median gestational
age at delivery was 37 (range, 27-39) weeks and median birth weight was 2911 (range,
724-3856) g. The infant birth weights ranged between the 5th and 90th percentile of age
matched infant girls, with the exception of one infant, born preterm, who was at less than the
2nd percentile of age matched infant girls [27]. Subjects 3 and 6 prematurely delivered
infants at 27 5/7 and 36 6/7 weeks, respectively. Subject 4 developed congestive heart
failure that was diagnosed 4 months after delivery, following 10 weeks of treatment with
trastuzumab for lung metastases. She later developed brain metastases and died 20 months
after delivery. Subject 5 briefly experienced hypotension (BP range 77-85/47-49 mmHg)
and tachycardia (HR range 117-129 beat per minute) in response to drug administration. The
subject was successfully treated with intravenous hydration. Her vital signs were within
normal limits 24 hours post-dose. None of the subjects had unusual drops in blood counts
and we did not observe any exaggeration of clinical side effects. Temporary bruising was
noted at the blood sample collection site for Subject 1, 3, 4, and 6. Subjects 2 and 7
completed the study without any short-term adverse events. Six subjects responded well to
their therapy, and the mothers and their infants are alive.

Discussion
Given the rarity of cancer during pregnancy, limited research has been conducted evaluating
doxorubicin pharmacokinetics during gestation. Since efficacy and safety are of major
concern when administering chemotherapy, understanding the effects of pregnancy on
doxorubicin concentrations is important to optimize care. Although we had a small sample
size, the findings from this study contribute to the literature by providing doxorubicin
pharmacokinetic data on seven additional pregnant subjects. This is the first study to report
the concentrations of doxorubicinol, an active metabolite of doxorubicin, in pregnant
women. This study also provides doxorubicin pharmacokinetic parameter estimates utilizing
a longer sampling duration than previously reported in pregnancy, which allows for more
accurate parameter determination [3]. Three previously published studies in non-pregnant
subjects (n ≥ 20) collected samples over 48 hours. Only one previously published study in
non-pregnant subjects with n ≥ 20 continued sampling for 72 hours. Since duration of
administration does not profoundly influence doxorubicin pharmacokinetics, we included
studies with IV bolus and prolonged infusions in our comparison studies [16]. Studies
including subjects with liver disease were excluded from comparison, as CL decreases
significantly with liver impairment [11].
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The CL of doxorubicin in our study was significantly lower than reported in the non-
pregnant comparator study utilizing 72 hour sampling [13], as well as in 2 out of 3 studies
with 48 hour sampling [11, 12]. This was in contrast to Van Calsteren et al., who used a 48
hour sample collection protocol and found no significant differences in CL between 7
women in mid- to late-pregnancy and 5 age-matched, non-pregnant women [3]. The
mechanism for the decrease in doxorubicin CL is unknown. Several possible factors might
contribute to changes observed during pregnancy. The effects of age and sex on doxorubicin
CL have been reported with conflicting results [8, 16]. Although doxorubicin CL has been
reported to be slower in women than in men [28], a more recent study by Rudek et al. did
not find a significant difference when CL was normalized to BSA [29]. Therefore, we
included comparator studies that include adults of either sex. The assay method that we used
was similar to the previous studies and is unlikely to have caused the observed differences.
Another possible explanation could be drug interactions. It has been suggested that
cyclophosphamide slows elimination of doxorubicin through 7-deoxyaglycone formations in
rats [30]. However, the 4 subjects who received concurrent cyclophosphamide in our study
did not show differences in CL as compared to those who did not receive the drug. We did
not find any other significant drug interactions that have been reported to affect doxorubicin
CL.

Doxorubicin appears to be an intermediate to high extraction ratio drug; therefore, the
decreased CL could potentially be due to alterations in hepatic blood flow, protein binding,
and/or enzyme activity. Potential changes in hepatic blood flow are unlikely to explain the
decreased CL, because liver blood flow is typically unchanged or increased rather than
decreased during pregnancy [31]. In addition, given that decreased protein binding would be
expected to cause an increase in CL, our findings are not explained by changes in protein
binding. Interestingly, Carbonyl Reductase 1 (CBR1), a major contributor to doxorubicin
metabolism [32], has decreased activity in the rat ovary throughout pregnancy [33]. More
recently, 17β-estradiol has been shown to decrease CBR1 protein expression in porcine
endometrium [34].

However, CBR activity differs between species [16] and whether those changes occur in
other tissues (such as the liver) or in humans has not been reported. Of note, if all studies
(small and large) reporting adult doxorubicin pharmacokinetics are included, CL values for
our subjects fall within the range previously reported in non-pregnant subjects. This is likely
explained by the high inter-individual variability reported for doxorubicin pharmacokinetics
in the smaller studies [35].

For Subject 1, the only subject for whom we have postpartum data (at 2.6 weeks), we
observed that changes in BSA-adjusted CL were in the opposite direction of the population
effect. Doxorubicin CL was 56% higher during pregnancy than postpartum. Similarly, Van
Calsteren et al. found two patients with 60-98% higher doxorubicin CL during pregnancy
compared to postpartum at 6.5 - 7 weeks [3]. In the only available baboon study (n=3), CL
was 77% higher during pregnancy compared to postpartum [3]. These findings differ from
our pregnancy comparisons with previously published data in non-pregnant subjects. Our
study is limited by the fact that we did not have postpartum controls for all our subjects.
However, the difference that we have observed at 2.6 weeks postpartum may reflect intra-
individual variability in doxorubicin pharmacokinetics or possibly 2.6 weeks is not long
enough postpartum for CBR1 activity to return to baseline.

Renal elimination appears to play a larger role in doxorubicin elimination in pregnant
subjects than in non-pregnant subjects. In pregnancy, renal plasma flow, glomerular
filtration rate, and P-glycoprotein (P-gp) mediated net renal tubular secretion increases [36,
37]. Consistent with this, the fraction of the dose collected in the urine over the first 48
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hours following doxorubicin administration was 18.9 ± 8.5% (n=5) as compared to previous
reports of 3.4 and 9.6%. In addition, the fraction of the dose collected in the urine over 48
hours as doxorubicinol was 3.2 ± 2.2% as compared to 0.8 and 3.3% over 5 to 7 days from
dosing [25, 26]. The fraction of the dose collected in the urine over the first 72 hours was
19.1 ± 10.2% as doxorubicin and 3.6 ± 3.0% as doxorubicinol (n=4). Although doxorubicin
is predominantly metabolized by the liver and excreted in the bile, the increased renal
elimination during pregnancy to some extent counteracts the decreased extra-renal
clearance.

Elis et al. recently reported on the association between doxorubicin AUC and clinical
response in 19 non-pregnant adult patients with Hodgkin’s lymphoma [38]. Using the same
method to estimate the AUC in our subjects who were treated with short-term infusion, the
values were within or greater than the range previously reported (274-742 ng•hr/mL). Our
mean doxorubicinol/doxorubicin AUC ratio (0.45 ± 0.1) was not significantly different than
that reported for non-pregnant subjects in most previous studies [6, 10-13]. Breast cancer
patients who receive chemotherapy during pregnancy appear to have a similar outcome,
stage for stage, as non-pregnant patients. Notably, recent results from the Cancer and
Pregnancy Registry (n=130) demonstrated that survival rates at 3 years for pregnant women
diagnosed with stages I to III breast cancer appear comparable with non-pregnant women
[39]. Doxorubicin is also a substrate of the multidrug resistance transporter, P-gp. Pregnancy
appears to increase renal P-gp activity [36]. Although P-gp activity in the intestine and liver
have not been tested, if they respond in a similar manner as in the kidneys, then plasma
concentrations for P-gp substrates are likely to be reduced. The impact of pregnancy on P-gp
activity in tissues involved in doxorubicin elimination as well as in tumor cells remains to be
investigated.

Subject 4, who received doxorubicin as a short-term infusion with concurrent
cyclophosphamide and trastuzumab during her pregnancy, developed cardiotoxicity after her
delivery. Cardiotoxicity is the main adverse effect of doxorubicin. Increasing the duration of
doxorubicin administration significantly decreased the risk of congestive heart failure, likely
due to decreased peak plasma concentration [40]. In other studies, CBR-mediated
intracellular conversion of doxorubicin to doxorubicinol has been suggested as an important
factor in the development of doxorubicin cardiotoxicity. Although human studies are
lacking, mice with CBR1 overexpression showed severe myocardial damage with
doxorubicin administration. Inhibition of CBR1 decreased circulating levels of
doxorubicinol, decreasing cardiotoxicity [41].

The volume of distribution at steady state was not reported with the comparator study
utilizing 72 hour sample collection. However, the comparator studies that collected samples
for 48 hours did report Vss values, which were not significantly different from our data. This
was in agreement with the findings by Van Calsteren et al. in both baboons and humans [3].
Doxorubicin is a hydrophilic drug. In a normal pregnancy, the volume of distribution of
hydrophilic drugs is expected to increase due to the expanded intravascular and
extravascular water. The estimated gestational increase in total body water ranges from 6.3 –
8.5 L, which accounts for ~60% of gestational weight gain [42]. This would increase the
total body water by 15-20% over normal in non-pregnant subjects. Although this is a
substantial increase in total body water, it is a small increase relative to doxorubicin volume
of distribution > 1000 L. Therefore, pregnancy does not appear to alter the Vss of
doxorubicin.

When examining the full 72 hours of sample collection, doxorubicin T1/2 was not
significantly different from values previously reported in non-pregnant subjects. In addition,
there was no change in half-life when our data were compared to the majority of previously
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published studies utilizing 48 hours of sample collection. The duration of sample collection
impacts estimation of half-life, with longer sampling time increasing accuracy. Therefore,
the comparison with studies utilizing prolonged sample collections should be the most valid.

In summary, these findings are an important contribution to the literature, providing
additional data for doxorubicin pharmacokinetics in pregnancy with a longer sampling
duration. In addition, this is the first study to report doxorubicinol concentrations in
pregnancy; although further metabolite research is recommended. At this time, there is
insufficient data to draw generalizable conclusions regarding optimum doxorubicin dosing
for pregnant women. Our data from the only subject for whom we have both pregnancy and
postpartum data (at 2.6 weeks), the individual change in BSA-adjusted CL are in the
opposite direction of the population effect. Doxorubicin pharmacokinetics are highly
variable in adults regardless of pregnancy state. Although studying chemotherapy during
pregnancy is extremely challenging, further pharmacokinetic and pharmacodynamic data are
required to optimize doxorubicin therapy for pregnant women.
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Terminal half-life T1/2
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P-gp P-glycoprotein
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CL Clearance
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CBR1 Carbonyl Reductase 1
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Fig.1.
Doxorubicin and doxorubicinol plasma concentration time profiles in Subject 1 during late
pregnancy (29 weeks gestation) and 2.6 weeks postpartum. On both study days, the subject
received 42 mg of doxorubicin intravenously over 3 or 6 minutes. On the late-pregnancy
study day doxorubicinol concentration at 72 was below the limit of quantification
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Table 1

Concomitant medications

Patient Chemotherapeutic
protocol

Other medications

1 (Late-
pregnancy)

ABVD
(every 2 weeks)

dexamethasone, ondansetron, prenatal vitamins, ferrous sulfate, folic acid

1 (Postpartum) AVD
(every 2 weeks)

dexamethasone, ondansetron, oxycodone, acetaminophen

2 CAF
(every 3 weeks)

dexamethasone, ondansetron, ranitidine, lorazepam, acetaminophen, prenatal
vitamins, vitamin D, calcium

3 PAD
(every 4 weeks)

dexamethasone, ondansetron, metoclopramide, prochlorperazine, promethazine,
diphenhydramine, midazolam, lorazepam, bupivacaine, fentanyl,
acetaminophen, oxycodone, cefpodoxime, mannitol, docusate, caffeine,
potassium phosphate, sodium phosphate, calcium carbonate, prenatal
multivitamin

4 AC
(every 3 weeks)

dolasetron, metoclopramide, promethazine, aprepitant, doxylamine,
acetaminophen, hydrocodone, polyethylene glycol, multivitamin

5 ABVD
(every 2 weeks)

dexamethasone, palonosetron, ondansetron, diphenhydramine, prenatal
vitamins, vitamin D, ferrous sulfate

6 AC
(every 3 weeks)

Vitamin D, ranitidine, calcium, magnesium, docusate, amoxicillin/clavulante,
probiotics, multivitamin, docusate, palonosetron, dexamethasone, pegfligrastim,
digestive enzyme

7 AC
(every 2 weeks)

dexamethasone, palonosetron, diphenhydramine, famotidine

A, doxorubicin; B, bleomycin; V, vinblastine; D, dacarbazine; C, cyclophosphamide; F, 5-fluorouracil; P, cisplatin

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2015 April 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ryu et al. Page 13

Ta
bl

e 
2

D
ox

or
ub

ic
in

 p
ha

rm
ac

ok
in

et
ic

s 
in

 p
re

gn
an

t w
om

en
, a

 s
in

gl
e 

pr
eg

na
nc

y 
st

ud
y,

 a
nd

 in
 n

on
-p

re
gn

an
t s

ub
je

ct
s

A
ut

ho
r 

&
 R

ef
N (n

)
Sa

m
pl

e
du

ra
ti

on
(h

ou
rs

)

A
lb

(g
/L

)
C

L
 (

m
l/m

in
)

C
L

(m
L

/m
in

/m
2 )

V
ss

 (
L

)a
V

ss
 (

L
/m

2 )
a

T
1/

2 
(h

r)
a

A
U

C
do

xo
ru

bi
ci

no
l/

A
U

C
do

xo
ru

bi
ci

na

C
ur

re
nt

St
ud

y
Pr

eg
na

nc
y

7 (7
)

72
29

 ±
 4

75
1 

±
 1

84
(5

77
 -

 1
05

3)
41

2 
±

 8
0

(3
10

 -
 5

36
)

20
89

 ±
 9

09
(9

16
 -

 3
09

7)
11

32
 ±

 4
76

(4
93

 -
 1

77
8)

40
.3

 ±
 8

.9
(3

1.
4 

- 
56

.8
)

0.
45

 ±
 0

.1
0

(0
.3

3 
- 

0.
61

)

H
oc

hs
te

r 
et

al
. [

13
]

N
on

-
pr

eg
na

nt
20 (1
7)

72
N

D
N

D
59

8 
±

 1
42

**
N

D
N

D
39

.5
 ±

 1
8.

3
N

D

C
ur

re
nt

St
ud

y
Pr

eg
na

nc
y

6 (6
)

48
(t

ru
nc

at
ed

)
29

 ±
 4

91
8 

±
 2

58
(6

24
 –

 1
29

7)
49

9 
±

 1
16

(3
36

 –
 6

28
)

15
60

 ±
 7

30
(6

62
 -

 2
35

9)
84

3 
±

 3
91

(3
85

 -
 1

35
4)

24
.8

 ±
 5

.9
(1

8.
2 

- 
34

.9
)

0.
43

 ±
 0

.1
(0

.3
1 

– 
0.

57
)

V
an

C
al

st
er

en
 e

t
al

. [
3]

Pr
eg

na
nc

y
7 (7
)

48
N

D
11

43
 ±

 1
56

N
D

24
86

 ±
 6

57
N

D
25

.6
 ±

 7
.7

N
D

R
ob

er
t e

t a
l.

[1
0]

N
on

-
pr

eg
na

nt
26 (8

)
48

N
D

N
D

49
2 

±
 1

55
(1

92
 -

 9
18

)
N

D
N

D
34

.7
 ±

 1
6.

6
(1

2.
8 

- 
72

.0
)

0.
33

 ±
 0

.1
0

Pi
sc

ite
lli

 e
t

al
. [

11
]

N
on

-
pr

eg
na

nt
31 (1
1)

48
39

 ±
 4

N
D

66
6 

±
 3

39
*

N
D

68
2 

±
 4

33
25

.6
 ±

 1
6.

9
1.

43
 ±

 1
.4

4*
*

R
od

vo
ld

 e
t

al
. [

12
]

N
on

-
pr

eg
na

nt
21 (1
3)

48
N

D
12

29
 ±

 3
85

67
7 

±
 2

29
*

10
49

 ±
 4

32
57

2 
±

 2
15

16
.2

 ±
 5

.8
**

0.
49

 ±
 0

.2
4

R
es

ul
ts

 a
re

 r
ep

or
te

d 
as

 m
ea

n 
±

 S
D

 (
ra

ng
e)

 w
he

n 
av

ai
la

bl
e.

* P 
<

 0
.0

5;

**
P 

<
 0

.0
1

a Su
bj

ec
t 3

 w
as

 o
m

itt
ed

 f
ro

m
 th

e 
an

al
ys

is
 d

ue
 to

 in
te

rr
up

tio
n 

of
 h

er
 in

fu
si

on
 a

nd
 li

m
ite

d 
sa

m
pl

in
g 

af
te

r 
te

rm
in

at
io

n 
of

 in
fu

si
on

.

N
 (

n)
: n

um
be

r 
of

 s
ub

je
ct

s 
(n

um
be

r 
of

 f
em

al
es

);
 A

lb
: A

lb
um

in
; A

U
C

: a
re

a 
un

de
r 

th
e 

cu
rv

e;
 C

L
: t

ot
al

 b
od

y 
cl

ea
ra

nc
e;

 T
1/

2:
 te

rm
in

al
 h

al
f-

lif
e;

 N
D

: n
ot

 d
et

er
m

in
ed

; V
ss

: v
ol

um
e 

of
 d

is
tr

ib
ut

io
n 

at
 s

te
ad

y 
st

at
e

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2015 April 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ryu et al. Page 14

Ta
bl

e 
3

Pa
tie

nt
 c

ha
ra

ct
er

is
tic

s

P
re

gn
an

t
P

re
gn

an
t

M
ea

n 
± 

SD
P

os
tp

ar
tu

m

Pa
tie

nt
1

2
3

4
5

6
7

1

A
ge

 (
ye

ar
s)

31
45

20
34

34
37

34
34

 ±
 7

31

G
es

ta
tio

na
l a

ge
 (

w
ee

ks
)

29
32

19
26

32
34

22
28

 ±
 6

2.
6

B
od

y 
w

ei
gh

t (
kg

)
75

.0
10

0.
9

62
.3

69
.0

81
.3

72
.7

52
.8

73
.4

 ±
 1

5.
2

69
.0

B
od

y 
su

rf
ac

e 
ar

ea
 (

m
2 )

1.
80

2.
19

1.
73

1.
74

1.
91

1.
87

1.
51

1.
82

 ±
 0

.2
1

1.
76

D
ox

or
ub

ic
in

 d
os

e 
(m

g)
42

10
8

12
8

10
0

46
11

3
88

42

In
di

ca
tio

n 
fo

r 
do

xo
ru

bi
ci

n
H

od
gk

in
’s

ly
m

ph
om

a
B

re
as

t
ca

nc
er

O
st

eo
-

sa
rc

om
a

B
re

as
t

ca
nc

er
H

od
gk

in
’s

ly
m

ph
om

a
B

re
as

t c
an

ce
r

B
re

as
t

ca
nc

er
H

od
gk

in
’s

ly
m

ph
om

a

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2015 April 01.


