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Learning Objectives Identify risk factors associated with trastuzumab-associated infusion-related reactions.

Describe the impact of premedications on the incidence and/or severity of trastuzumab-associated
infusion-related reactions.

/ABSTRACT

Background. Trastuzumab has become a mainstay of therapy
for human epidermal growth factor receptor-2 overexpressed
breast cancer in nearly all stages of the disease. Like many
monoclonal antibodies, trastuzumab is associated with infusion-
related reactions (IRRs) that are not well described, and incidence
varies widely between reports (0.7%—40% of patients).
Materials and Methods. Aretrospective chart review of breast
cancer patients who received trastuzumab was conducted.
The primary objective was to describe the incidence, risk
factors, and management of IRRs during the first 12 weeks of
trastuzumab therapy in a general population of breast cancer
patients.

Results. A total of 197 patients who received trastuzumab
(1,788 doses) were evaluated. Thirty-three IRRs were identified

in 32 patients, resulting in an incidence of 16.2% of patients
and 1.8% of doses. All IRRs were mild or moderate in severity
and were successfully managed with supportive medications
and/or by temporarily stopping the infusion. All patients
received subsequent cycles of trastuzumab, with only one
patient experiencing a subsequent reaction. Body mass index,
stage of disease, and use of premedications were significantly
associated with IRRs by multivariate logistic regression analysis.
Conclusion. Overall, these results support that the vast
majority of IRRs occur with the first infusion, are mild in
severity, and are easily managed. In addition, risk factors were
identified that may help to identify a population of patients at
increased risk of IRRs who may benefit from premedication.
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Implications for Practice: Trastuzumab is associated with infusion-related reactions (IRRs) that are not well described with
incidence varying widely between reports (0.7% to 40% of patients). In addition, risk factors associated with trastuzumab-
associated IRRs are unknown. This manuscript presents data from a large cancer center describing the incidence, risk factors, and
management of IRRs with trastuzumab in clinical practice. A more complete understanding of the incidence and severity of IRRs
related to trastuzumab as well as the characterization of risk factors could be beneficial to clinicians when educating patients about
the toxicities associated with trastuzumab.

INTRODUCTION

Trastuzumab, a humanized monoclonal antibody targeted to
the extracellular domain of the human epidermal growth
factor receptor-2 (HER2) protein, has become a mainstay of
therapy for HER2-overexpressed breast cancer in nearly all
stages of the disease [1]. Like many monoclonal antibodies,
trastuzumab is associated with infusion-related reactions
(IRRs), also referred to as hypersensitivity reactions. The
mechanism of IRRs associated with monoclonal antibodies

is unclear. The degree of antibody humanization influences
the frequency of monoclonal antibody-associated IRRs, with
mouse and chimeric antibodies eliciting the highest frequency
of immunogenic responses and fully human or humanized
monoclonal antibodies, such as trastuzumab, having a rela-
tively low immunogenicity by comparison [2]. Monoclonal
antibodies may lead to cytokine release through interactions
with their molecular targets on tumor or other circulating cells
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[3]. These cytokines have been associated with a wide range
of symptomes, including fever, chills, rigors, hypotension, and
dyspnea. The most well-studied example of this biologic
consequence is described with rituximab and its molecular
target, CD20. This mechanism may also be relevant for
trastuzumab, resulting in symptoms such as fever and chills.

The definition of trastuzumab-related IRRs has evolved
over time, which has created a challenge for clinicians when
comparing trials and understanding the true incidence of
reactions and/or the need for premedications. The pivotal
registration trials reported individual symptoms (fever, chills,
rigors, etc.) temporally associated with trastuzumab infusions.
These registration trials reported the incidence of “chills and
fever” as high as 40% with the first dose, “infusional toxicity” as
high as 35% with subsequent doses, and “severe reactions” in
up to 9% of patients [4]. Postmarketing surveillance data from
the manufacturer later identified “pulmonary toxicity” and
“anaphylaxis” as rare but potentially life-threatening reactions
associated with less than 1% of trastuzumab infusions [4—6].
Thus, the current package insert for trastuzumab describes
three categories of reactions that may be associated with
trastuzumab infusions: generalized IRRs, pulmonary toxicity,
and anaphylaxis [4]. Although these three categories are
described separately, thereis overlap between definitions.The
type of data collection used in the registration trials influenced
the definition of IRRs and contributed to this variability.

An additional factor contributing to the inconsistency in
reported rates of IRRs may reflect differences in dosing and
administration of trastuzumab. Clearly, the initial dose of
a monoclonal antibody is more likely to be associated with IRRs.
Rates of IRRs with subsequent maintenance doses are typically
much lower. Infusion duration and/or peak serum concentra-
tions of the monoclonal antibody may also influence the
incidence of IRRs. Vogel et al. [7] compared two weekly
trastuzumab dosing schedules, an 8 mg/kg loading dose followed
by a 4 mg/kg maintenance dose and a 4 mg/kg loading dose
followed by a 2 mg/kg maintenance dose, with the first infusion
administered for 90 minutes and subsequent infusions for 30
minutes for both dosing schedules. A numerical increase in fever
(45% vs. 36%), chills (40% vs. 22%), and dyspnea (25% vs. 15%)
was reported with the higher dose. Subsequently, Baselga et al.
[8] investigated a once every 3-week dosing strategy (8 mg/kg
load, 6 mg/kg maintenance), with all doses administered for
90 minutes. Fifty-four percent of patients had at least one
symptom associated with the first infusion, which primarily
included rigors (18%) or pyrexia (15%). Importantly, these
reactions could have occurred on the same day as the
trastuzumab infusion or the day after. To assess the safety of
shortening the trastuzumab infusion, Chan et al. [9] con-
ducted a retrospective study utilizing an institutional adverse
drug reaction (ADR) database to capture the incidence of IRRs
before and after the implementation of 30-minute mainte-
nance infusions regardless of dose. The incidence of IRRs
before and after the implementation of 30-minute infusions
of 2, 4, or 6 mg/kg maintenance doses was similar (0.11%
before 30-minute infusion implementation; 0.04% after
30-minute infusion implementation), and the authors con-
cluded that doses up to 6 mg/kg can be safely administered
for 30 minutes. Lastly, in a letter to the editor, Ring et al. [10]
reported that an every 3-week dosing regimen with 30-minute
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maintenance infusions was well tolerated (IRR incidence:
3.5% of patients, 1.5% of doses).

Although these reactions are not typically life-threatening,
they may impart discomfort and inconvenience for patients
and caregivers. Although rare, serious IRRs may result in
hospitalization and/or death as a result of anaphylaxis and/or
pulmonary toxicity. In addition, IRRs can pose problems for
infusion centers, potentially increasing chair time, costs, and
personnel required to manage these reactions. Risk factors
associated with trastuzumab-related IRRs are unknown, and
further characterization of IRRs related to trastuzumab and
analysis of risk factors that may predispose patients to these
reactions could prove to be important in prevention and
management. Therefore, a retrospective chart review was
conducted to describe the incidence, risk factors, and
management of IRRs during the first 12 weeks of trastuzumab
therapy in a general population of breast cancer patients.

MATERIALS AND METHODS

Because ADR databases may underemphasize the incidence of
mild-to-moderate expected adverse reactions, a detailed chart
review was performed. The institutional pharmacy database
was queried to identify all patients who received a dose of
trastuzumab between May 1, 2010 and July 31, 2010 and then
retrospectively evaluated to identify the date of their first dose
of trastuzumab. With such a broad range of reported incidence
(range 0.7%—40% of patients), this time frame was chosen to
provide a sufficient patient population to capture reactions
occurring at a moderate rate (midrange of reported incidence)
and to detect differences in risk factors among patients
experiencing reactions. Patients were included if they had
a breast cancer diagnosis and received all evaluable doses
at the institution’s main campus. Patients under 18 years of
age were excluded. Patients were excluded if their medical
information was not easily retrievable through the institution’s
electronic medical record (EMR). The primary objective was to
describe the incidence of IRRs during the first 12 weeks of
trastuzumab therapy as ordered per departmental standards.
Secondary objectives were to describe the influence of
trastuzumab dose, duration of infusion, and premedication
on the incidence of trastuzumab-related IRRs and evaluate
other patient and disease characteristics that may be as-
sociated with an increased risk of IRRs.

The Department of Breast Medical Oncology at University
of Texas MD Anderson Cancer Center utilizes established
standards for trastuzumab dosing and administration that
include the following: (a) all trastuzumab loading doses are
administered for 90 minutes; (b) if the previous infusion was
well tolerated, all maintenance doses are administered for 30
minutes; (c) the schedule of trastuzumab administration is
generally based on the schedule of the concomitant anticancer
therapy (e.g., weekly trastuzumab with weekly chemotherapy
or every 3-week trastuzumab with every 3-week chemother-
apy); (d) trastuzumab is routinely the first medication
administered in a treatment regimen; (e) trastuzumab
premedications are not routinely ordered; (f) concomitant
chemotherapy premedications are routinely ordered to
start 30 minutes before chemotherapy administration.

Patients’ demographic and tumor characteristics were col-
lected from the EMR and the Breast Cancer Management
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Table 1. Patient characteristics

Infusion-Related Reactions With Trastuzumab

Table 2. Treatment characteristics

Patient characteristics n (%) Trastuzumab dose & administration n (%)
Total patients 197 Trastuzumab doses 1,788
Age (years) 51 (28-92) Dose
Female 197 (100) 8 mg/kg 67 (4)
Stage 6 mg/kg 190 (11)
| 32 (16) 4 mg/kg 126 (7)
I 79 (40) 2 mg/kg 1,405 (78)
m 60 (31) Infusion time
v 26 (13) 90-minute infusion = 5 minutes 199 (11)
G hEEEETsTEs n (%) 60-minute infusion = 5 minutes 15 (1)
Histology 30-minute infusion = 5 minutes 1,574 (88)
Invasive ductal 190 (96) Concurrent i.v. anticancer therapy® n
Invasive lobular 1(1) Paclitaxel containing 1,442
Invasive mixed ductal/lobular 6(3) Docetaxel containing 177
Receptor status Nab-paclitaxel containing 15
ER positive 114 (58) Bevacizumab containing 16
Py b
PR positive 66 (34) Bone-modifying agent 9
(o}
HER2 positive 197 (100) Other 25
Abbreviations: - - None? 129
reviations: ER, estrogen receptor; HER2, human epidermal growth
factor receptor-2; PR, progesterone receptor. Premedication before trastuzumab n (%)
Yes 1,319 (74)
System. A focused chart review of medication orders and No 469 (26)

nursing documentation was conducted, including medication
administration records and vital signs. Reactions occurring in
patients receiving concurrent anticancer medications (e.g., che-
motherapy) were evaluated on a case-by-case basis to de-
termine the causative agent. If the reaction was not clearly re-
lated to another drug, then the reaction was considered to be
related to the trastuzumab infusion and included in the analysis.

Infusion-related reactions were defined and graded ac-
cording to the National Cancer Institute Common Terminology
Criteriafor Adverse Eventsversion 4.0 [11]. Datawere analyzed
using descriptive statistics. Univariate and multivariate logistic
regression analyses were used to examine the relationships
between the occurrence of trastuzumab-related IRRs and
factors that may affect the incidence of reactions (age, race,
stage of disease, body mass index, hormone receptor status,
HER2 fluorescence in situ hybridization [FISH] copy number,
and use of premedications). These analyses were limited to the
30 reactions that occurred during the first dose. This study
protocol was approved by University of Texas MD Anderson
Cancer Center’s Institutional Review Board, and a waiver of
informed consent was obtained.

RESULTS

A total of 327 patients were identified during the 3-month
study period (May 1,2010through July 31,2010). One hundred
and ninety-seven patients met the inclusion criteria and
received 1,788 evaluable doses. Patients were excluded for the
following reasons: (a) first dose of trastuzumab was adminis-
tered before May 1, 2009 (n = 68); (b) received doses outside
the institution’s main campus (n = 48); and (c) did not have
a breast cancer diagnosis (n = 14). Table 1 summarizes the
baseline patient and tumor characteristics for this cohort;
treatment characteristics are described in Table 2. The final
population (n = 197) had a median age of 51 (range 28-92)
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#Patients may have received more than one concurrent anticancer
therapy.

PAll bone-modifying agents were zoledronic acid.

‘Other includes i.v. chemotherapy regimens not commonly associated
with infusion-related reactions.

YIncludes concurrently administered oral anticancer agents or single
agent trastuzumab.

years, and the majority of patients had nonmetastatic disease
(stages 1111, 87%).

Of the 197 patients evaluated, 33 IRRs were documented
in 32 patients and 1,788 doses (16.2% of patients and 1.8%
of doses). The institutional ADR database was queried for
trastuzumab-related IRRs reported during the dates of the trial,
and only 1 was found. This patient did not meet the inclusion
criteria of this study and therefore was not included in our data.

Information related to IRRs is listed in Table 3. The majority
of reactions occurred during the first dose (91%) and one each
with the second, fifth, and seventh doses. One patient had
a reaction on dose 2 in addition to the first dose. Symptoms
included chills (n = 19), pain (n = 9), rigors (n = 8), nausea (n = 6),
headache (n = 5), shortness of breath (n = 5), vomiting (n = 2),
numbness (n = 1), and fever (n = 1). Overall, the majority of
reactions were grade 2 (97%), with one grade 1 reaction. None
of the patients experienced a grade 3 or 4 reaction. There were
no cases of anaphylaxis and/or pulmonary toxicity.

Trastuzumab-associated IRRs were effectively managed by
temporarily discontinuing the infusion and/or administering
supportive medications (Table 4). Trastuzumab infusions were
heldin 26 of the 33 reactions (79%) and occurred an average of
65 (range 5-92) minutes into the infusion. Infusions were held
foran average of 54 (range 10—100) minutes, which resulted in
patients spending additional time in the infusion center. The
majority of patients with an IRR (88%) required supportive
medications, and all patients had resolution of symptoms.The
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Table 3. Infusion-related reaction information

231

Trastuzumab dose & administration

Of adverse reactions n = 33 (%)

Of total doses (%)

Dose

8 mg/kg 12 (36) 12/67 (18)

6 mg/kg 0(0) 0/190 (0)

4 mg/kg 17 (52) 17/126 (13)

2 mg/kg 4(12) 4/1,405 (0.3)
Infusion time

90-minute infusion = 5 minutes 30(91) 30/199 (15)

60-minute infusion = 5 minutes 0(0) 0/15 (0)

30-minute infusion = 5 minutes 3(9) 3/1,574 (0.2)
Concurrent i.v. anticancer therapy® Adverse reactions n = 33
Paclitaxel containing 17 (52) 17/1,442 (1)
Docetaxel containing 6 (18) 6/177 (3)
Nab-paclitaxel containing 1(3) 1/15(7)
Bevacizumab containing 0 0/16 (0)
Bone-modifying agent® 4(12) 4/24 (17)
Other® 1(3) 1/25 (4)
None® 8 (24) 8/129 (6)
Premedication before trastuzumab Adverse reactions n = 33 (%)
Yes 10 (30) 10/1,319 (0.8)
No 23 (70) 23/469 (5)

@Patients may have received more than one concurrent anticancer therapy.

PAll bone-modifying agents were zoledronic acid.

“Other includes i.v. chemotherapy regimens not commonly associated with infusion-related reactions.
“Includes concurrently administered oral anticancer agents or single agent trastuzumab.

Table 4. Management of infusion-related reactions and
subsequent therapy

Results n=33

Infusion run time before reaction (range) 65 minutes (5-92)

Infusion stopped 26 (79%)

Duration infusion held (range) 54 minutes (10-100)
Medication given for reaction® 29 (88%)

Symptom resolution 33 (100%)
Rechallenge same day 32 (97%)

Received subsequent trastuzumab 33 (100%)

“Medication administered: diphenhydramine (n = 19), meperidine (n =
14), hydrocortisone (n = 9), acetaminophen (n = 4), other (n = 7).

most common supportive medications administered to
manage trastuzumab IRRs were diphenhydramine, meperi-
dine, and hydrocortisone.

Only one patient was not rechallenged with trastuzumab
on the same day, and all patients received subsequent doses
of trastuzumab therapy. Twenty of the 32 patients (63%) re-
ceived premedications before their subsequent trastuzumab
dose. However, administration of these premedications was
coincidentalin all but two patients. Only one patient had an IRR
to a subsequent trastuzumab dose, and this patient did not
receive premedication before this infusion.

The majority of patients received weekly trastuzumab at 4
mg/kg for 90 min, followed by 2 mg/kg for 30 min (Table 2).
Additionally, all loading doses were administered for 90 minutes
(n = 197, 100%), and the vast majority of maintenance doses
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were administered for 30 minutes (n = 1,573, 98%). Twelve IRRs
occurred during an 8 mg/kg loading dose administered for 90
minutes (12 of 67, 18%), and 17 IRRs occurred during a 4 mg/kg
loading dose administered for 90 minutes (17 of 126, 13%)
(Table 3). Four reactions occurred during maintenance infusions
of 2 mg/kg administered for 30 minutes (4 of 1,405, 0.3%), and
no IRRs were documented with the 6 mg/kg maintenance dose
(n = 190) in this cohort of patients.

Although no orders were written for premedications to
be administered before trastuzumab, 1,319 doses (74%) of
trastuzumab were premedicated with drugs intended for
prevention of adverse events as a result of the concurrent
chemotherapy (e.g., taxane premedications administered
before trastuzumab). Table 5 describes the relationship of
IRRs with the administration of premedications. Of the doses
that were premedicated, 10 IRRs were reported (0.8%, 10 of
1,319). In contrast, 23 IRRs were reported in the doses that
were not premedicated (5%, 23 of 469). When evaluating the
first dose of trastuzumab, IRRs occurred more commonly when
patients did not receive a premedication compared with those
who did (19% vs 10%, p = .065).

By univariate analysis, body mass index (BMI) (odds ratio
per 1 unit increase = 1.05, 95% confidence interval [CI] 1.00,
1.11, p = .046) and stage of disease (stage IV vs other, odds
ratio = 3.8, 95% Cl 1.5, 9.6, p = .0074) were significantly
associated with an increased risk of IRRs. When patients were
separated into categories of BMI, patients who were obese
(BMI=30, n = 82) had anincreased risk of IRRs compared with
patients in normal (18.5-24.9, n = 60) and overweight
(25.0-29.9,n = 55) BMI groups (24%, 10%, and 7%, respectively,
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Infusion-Related Reactions With Trastuzumab

Table 5. Infusion-related reactions with or without premedication

Dose Premedication No premedication

All doses (n = 1,788) 10/1,319 (0.8%) 23/469 (5%)

First dose (n = 197) 8/82 (10%) 22/115 (19%)

Subsequent dose (n = 1,591) 2/1,237 (<1%) 1/354 (0%)

Table 6. Multivariate analysis of study factors and their relationship with infusion reactions

Factor Contrast Odds ratio 95% CI p Value

BMI 1-unit increase 1.09 1.02,1.16 .010

HER2 FISH copy number 1-unit increase 0.93 0.79,1.10 40

Age 1-unit increase 1.01 0.97,1.05 .70

Race Hispanic vs. white 1.29 0.39,4.25 .68
Black vs. white 0.69 0.15,3.14 .63
Other vs. white 3.46 0.90,13.3 .073

Stage IV vs. I, 11, 1 391 1.35,11.4 .013

Premedications Yes vs. no 0.32 0.11,0.90 .033

ER status Positive vs. negative 1.00 0.35, 2.87 1.00

PR status Positive vs. negative 0.55 0.16,1.90 .35

Abbreviations: BMI, body mass index; Cl, confidence interval; ER, estrogen receptor; FISH, fluorescence in situ hybridization; HER2, human epidermal

growth factor receptor-2; PR, progesterone receptor.

p = .0096). The univariate odds ratio for BMI > 29.9
compared with =29.9was 3.4(95% Cl 1.5,7.7, p = .0026).The
odds ratio for BMI > 29.9 compared with =29.9 was 4.6 (95% ClI
1.8, 12.3, p = .0024) after adjustment for the other study
factors. Of all the factors evaluated, BMI, stage of disease, and
use of premedications were significantly associated with IRRs
by multivariate logistic regression analysis (Table 6).

DiIScUSSION
In this retrospective analysis of breast cancer patients
receiving trastuzumab, the overall incidence of trastuzumab-
related IRRs was 16.2% of patients and 1.8% of doses, which
appeared to be isolated to the first dose in all but three cases.
Only one patient who had a trastuzumab-related IRR with the
first infusion experienced a subsequent reaction. Reactions
were mild to moderate in severity, and in this limited sample
size there were no cases of anaphylaxis and/or pulmonary
toxicity, emphasizing the rarity of such events. All patients
had resolution of symptoms. Body mass index, stage, and use
of premedications were significantly associated with IRRs by
multivariate logistic regression analysis. To our knowledge, these
associations have not been previously reported.The coincidental
administration of premedications before trastuzumab loading
doses (primarily intended for subsequent chemotherapy)
decreased the first-dose IRRs from 19% to 10% (p = .065).
Although this was not statistically significant by univariate
analysis, it was significant by multivariate analysis after adjusting
for confounding factors (p = .033) and is likely to be clinically
relevant, although this requires prospective confirmation.
Additionally, IRRs with maintenance doses did not appear to
be dose-related and were rare; thus, the impact of premed-
ications on maintenance doses could not be ascertained.
Regarding the influence of trastuzumab dose and duration
of infusion on the incidence of trastuzumab-related IRRs, this
retrospective study demonstrated slightly higher rates of IRRs
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with the 8 mg/kg loading dose compared with the 4 mg/kg
loading dose, demonstrating a slight dose response similar
to the previously mentioned results from Vogel et al. [7]. It
should be noted that the number of patients who received the
8 mg/kg loading dose in our analysis was small. Of note, the
administration of higher maintenance doses (e.g., 6 mg/kg) for
30 minutes did not appear to be associated with increased
rates of IRRs, consistent with the Chan and Ring data [9, 10]
discussed previously.

In reviewing the available literature, the methodology used
to study the incidence of IRRs appears to impact reported rates
of reactions. The overall incidence of IRRs in this retrospective
study is lower than that reported in the trastuzumab product
information, which is based on prospective clinical trial data [4].
However, it is higher than that reported via ADR databases
(Table 7) [6, 9]. This phenomenon was also noted when our
institutional ADR database was queried and represents a well-
known reporting bias that underemphasizes the potential
impact of mild-to-moderate expected adverse reactions on
patient outcomes.

Although not life-threatening, mild-to-moderate reactions
negatively impact patients’ quality of life. Patients who ex-
perience IRRs associated with any therapy will experience
adverse outcomes related to both the reaction itself and the
medications used to manage the reaction. In our study, ap-
proximately 17% of patients experienced an IRR, and 88% of
those patients required supportive medications. These man-
agement strategies could lead to additional adverse effects
(e.g., sedation from antihistamines and/or meperidine, flush-
ing from high-dose corticosteroids). Although we were unable
to retrospectively assess patient outcomes related to these reac-
tions, it is expected that patients who experience an IRR have
some reduction in quality of life.

Although we did not capture patients’ actual length of
stay in the infusion center, patients who had IRRs required
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Table 7. Comparison with published literature

233

Incidence of IRR (%)

Evaluation of Impact of 30 minutes

Author Data source Per dose Per patient impact of premedication for dose >4 mg/kg
Genentech [4] Product information — 40 No No
Cook-Bruns [6] ADR reporting data 0.3 — No No
Chan et al. [9] ADR reporting data 0.07 — No Yes
Ring et al. [10] Prospective audit 1.5 3.5 No Yes
Thompson et al. (this study) Retrospective chart review 1.8 16.2 Yes Yes

Abbreviations: ADR, adverse drug reaction; IRR, infusion-related reaction.

dose interruptions that averaged 54 minutes (range 10—-100
minutes), extending their chair time in the infusion center and
potentially delaying other patients from receiving their sched-
uled treatments. These interruptions also impact chair time and
the ability to move patients through the center, often requiring
additional medications, supplies, and/or clinical staff time that
ultimately create a financial burden on the health care system.
Premedications are commonly administered before many
chemotherapy regimenstoreduce IRRs butalsoto prevent other
adverse events (e.g., nausea/vomiting, fluid retention, etc.). One
interesting finding of this study was the influence of these
chemotherapy premedications on the incidence of trastuzumab-
associated IRRs. Because premedications required for taxanes
are commonly administered 30 minutes before chemotherapy,
these same premedications have the potential to be adminis-
tered before a maintenance dose of trastuzumab. In the interest
of patient convenience, this practice was commonly, yet in-
consistently, applied in this analysis. To date, few published trials
addressed the administration of premedications or their impact
on outcomes related to trastuzumab. Although it is not standard
practice to premedicate trastuzumab, coincidental administra-
tion of chemotherapy premedications before trastuzumab was
observed (n = 1,319, 74%). This occurred more frequently with
maintenance doses (n = 1,237, 78%) administered for 30
minutes. Premedication was less common with loading doses
(n = 82, 42%), possibly because of longer trastuzumab infusion
times (90 minutes), which prolong the time between premed-
ications and chemotherapy administration. Nonetheless, the
administration of premedications before trastuzumab mainte-
nance doses appears to reduce the rates of IRRs and may impact
overall patient outcomes in this small, retrospective analysis.
Although the majority of these reactions are mild and short-
lived, routine premedication of trastuzumab in a large, high-
volume, infusion center may also indirectly reduce overall chair
time, improving infusion center efficiency and throughput.
Although these results appear to support the hypothesis
that manipulating the timing of ordered premedications may
be beneficial, little is known regarding the addition of
premedications to regimens that do not require them, such
as trastuzumab monotherapy. Adding unnecessary premed-
ications may add side effects, such as sedation from antihist-
amines, which can also adversely affect length of stay in the
infusion center and patients’ quality of life. Lastly, theimpact of
administering the chemotherapy (primarily taxane) premed-
ications before the trastuzumab infusion should be evaluated
further to ensure adequate protection from taxane-associated
IRRs. Therefore, this finding of a decreased incidence of
IRRs with premedication should be considered hypothesis
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generating, and prospective validation is necessary before
routine use of premedications with trastuzumab.

The finding that patients with an increased BMI experi-
enced increased IRRs is also intriguing. Clinical outcomes
related to obesity in patients with HER2-positive breast cancer
receiving trastuzumab are limited, and no study to date has
evaluatedthe effect of BMlontherate of trastuzumab IRRs [12,
13]. Whether the increased incidence of IRRs in patients with
increased BMI in our study is related to a larger dose of
trastuzumab because of increased weight or other underlying
mechanisms is unclear and warrants further investigation.

Compared with patients with early stage or locally advanced
breast cancer (stages I-lll), patients with metastatic disease
(stage IV) experienced a significant increase in IRRs. The cause for
this association is unknown, but may be related to the increased
tumor burden and resulting increased number of HER2 binding
sites in metastatic patients. It could be postulated that the
greater the number of HER2-positive tumor cells, the more
cytokine release and/or recruitment of immune effector cells,
which may lead to higher rates of IRRs. The study by Baselga et al.
[8] discussed above found an inverse relationship between
trastuzumab serum concentrations and the number of meta-
static sites of disease, which may suggest more trastuzumab is
bound to its therapeutic target in patients with a higher tumor
burden. Other data supporting this hypothesis, which may be
extrapolated from use of other monoclonal antibodies, include
the observation that increased circulating lymphocytes have
been correlated with increased severity of IRRs with rituximab
in patients with B cell chronic lymphocytic leukemia [3]. The
association of disease stage and trastuzumab-related IRRs ap-
pears to be multifactorial and warrants further investigation.

The therapeutic target of trastuzumab is the extracellular
domain of the HER2 protein that can be measured through
immunohistochemistry (IHC) and is subjective. The FISH analysis
of gene copy number has been more closely correlated with
response to trastuzumab compared with IHC[14]. In this analysis,
the HER2 FISH copy number was not correlated with the inci-
dence of IRRs. This finding may indicate that the HER2 FISH copy
number is not always reflective of extracellular protein expres-
sion. Unfortunately, measurement of the HER2 extracellular
domain (ECD) in circulation was not available in this retrospective
analysis. It would be interesting to determine whether the
correlation seen with circulating lymphocytes and rituximab may
also be exhibited with circulating HER2 ECD and trastuzumab.

The risk factors for IRRs listed in Table 6 may provide
a framework to identify patients at a sufficiently high risk to
require prophylaxis. For example, 55% of patients who were
obese and had metastatic disease (n = 11) experienced an IRR
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compared with 7% of patients who were not obese and were
treated for an early stage or locally advanced breast cancer
(n = 100). Patients with obesity but not advanced stage
(n = 71) and those with advanced stage but not obesity (n = 15)
had an intermediate risk of IRRs (20% for both groups). Pro-
spective evaluationis needed to determine whether prophylaxis
would be beneficial in patients at high risk for IRRs.

A potential confounder in this study is the inability to
discriminate between trastuzumab IRRs and IRRs from other
chemotherapies (e.g., taxanes, carboplatin). This was minimized
by only capturing reactions that occurred during the trastuzu-
mab infusion or immediately after the infusion. Additionally,
reactions to other chemotherapy agents generally occur within
minutes of infusion initiation, whereas most trastuzumab IRRs
occur during or within 2 hours of trastuzumab administration
[3]. Another potential limitation of this study was that patients
were not followed for the entire course of trastuzumab therapy,
which can be lifelong. IRRs are rarely associated with infusions
other than the loading dose, a fact confirmed with our data.
Furthermore, because of the retrospective nature of this study,
reactionsthat occurred after the patients left the infusion center
were not captured, limiting the ability to evaluate rare, delayed
pulmonary toxicity that may have occurred.

CONCLUSION

In summary, this retrospective review found the incidence of
mild-to-moderate IRRs with trastuzumab to be lower than what
is reported in the product information, but higher than what is
reported utilizing ADR database queries. This study also further
supports the safety of 30-minute maintenance trastuzumab
infusions regardless of dose and the potential benefit of pre-
medicating trastuzumab. We have also identified previously
unknown risk factors associated with the development of
trastuzumab-associated IRRs, specifically obesity and advanced
stage of breast cancer, which may allow for identification of
patients at high risk for IRRs who could potentially benefit from
premedications, although prospective validation of this
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