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Abstract
Purpose: Pertuzumab (Per) is a humanized monoclonal antibody used in combination with trastuzumab
(Tra) in the treatment of human epidermal growth factor receptor-2 (HER2)-positive breast cancer. The
administration of biologics, such as Tra and Per, frequently causes infusion reactions (IRs) with fever and
chills. The purpose of this study was to clarify the characteristics of and risk factors for IRs in Tra+Per
combination therapy.

Methods: Between March 2013 and December 2019, 65 breast cancer patients who started Tra+Per
combination therapy and 106 breast cancer patients who started Tra therapy alone were included in the
study. The severity of IRs was graded according to the Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0.

Results: The incidence of IRs in the Tra+Per group was 47.7% (31/65) and was signi�cantly higher than
that in the Tra alone group (18.9%, 20/106), with a risk ratio of 2.53 (p < 0.001). The severity of IRs in the
Tra+Per group (Grade 1, 9 patients; Grade 2, 22 patients) was signi�cantly higher than that in the Tra
alone group (grade 1, 16 patients; grade 2, 4 patients) (p < 0.001). Lymphocyte counts were signi�cantly
different between the IR and non-IR groups in patients receiving Tra+Per combination therapy (univariate
analysis, p = 0.005; multivariate analysis, p = 0.029).

Conclusion: Our study indicates that the concomitant use of Per increases the risk of IRs caused by Tra,
and the risk of IRs is higher in patients with higher lymphocyte counts.

1. Introduction
Pertuzumab is a humanized monoclonal antibody indicated for the treatment of human epidermal
growth factor receptor-2 (HER2)-positive breast cancer and is used in combination with trastuzumab.
Triple combination therapy with trastuzumab, pertuzumab, and docetaxel (Tra+Per+DTX) has shown
effectiveness in the treatment of HER2-positive metastatic recurrent breast cancer [1], and combination
therapy with trastuzumab and pertuzumab (Tra+Per) has shown effectiveness in the treatment of HER2-
positive early-stage breast cancer [2].

The administration of biologics such as trastuzumab and pertuzumab frequently causes infusion
reactions with fever and chills. Infusion reactions associated with the administration of biologics
frequently occur at the time of initial administration, and are considered to be acute-phase reactions
caused by the cytokines released from tumor cells and effector cells that accumulate around the tumor
[3]. Some patients taking biologics have been reported to show severe infusion reactions [4]; therefore,
medical workers should carefully monitor patients after administration. The occurrence of infusion
reactions also complicates the management of chemotherapy because the additional treatments
necessitated by these reactions require more staff time and entail higher human resource costs [5].
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In cases involving trastuzumab monotherapy, infusion reactions occur in 16.2% of patients, and high
body mass index (BMI), stage IV (clinical stage) disease, and non-premedication have been reported to be
risk factors for trastuzumab-induced infusion reactions [6]. In addition, the APHINITY trial has reported
that the incidence of infusion reactions is 20.9% in HER2-positive early-stage breast cancer patients
treated with Tra+Per. A comparison of these �ndings suggests that the addition of pertuzumab may have
little effect on the incidence of infusion reactions in trastuzumab therapy. However, only a few reports
have described the incidence of infusion reactions with Tra+Per combination therapy, and it remains
unclear whether the comparative result is applicable in clinical practice with diversity. Information on the
incidence of infusion reactions and the related risk factors will be bene�cial for patients undergoing
Tra+Per combination therapy, since it will allow adaptation of treatment regimens according to the
individual risk of infusion reactions in each patient.

The purpose of this study was to identify the risk factors for infusion reactions in Tra+Per combination
therapy by comparing the incidence and characteristics of infusion reactions in HER2-positive breast
cancer patients treated with Tra+Per combination therapy and trastuzumab monotherapy.

2. Patients And Methods

2.1 Study period and participants
Sixty-nine breast cancer patients who started chemotherapy with trastuzumab and pertuzumab at the
Kyoto Prefectural University of Medicine Hospital and Kyoto Prefectural University of Medicine Northern
Medical Center between October 2013 and December 2019 were included in this study. This study also
included 111 breast cancer patients who started chemotherapy with trastuzumab without pertuzumab at
the same hospitals during the same period. However, nine patients who started treatment at other
hospitals were excluded from this study because infusion reactions with biologics are known to occur
mainly at the time of �rst administration [7].

In patients receiving Per+Tra therapy, 840 mg/body of pertuzumab was administered intravenously for 60
min, and after a 60-minute follow-up assessment for adverse events such as infusion reactions, 8 mg/kg
of trastuzumab was administered intravenously over 90 min (initial dose). The second and subsequent
doses were 420 mg/body pertuzumab were administered intravenously over 30 min, followed by a 30-
minute follow-up period, and 6 mg/kg trastuzumab was administered intravenously over 30 min.
Provided that more than six weeks had passed since the previous administration, the same dose as the
initial dose was administered.

2.2 Extraction of variables
Sex, premedication (dexamethasone), age, height, weight, BMI, stage classi�cation, receptor status, and
drug administration history were investigated as patient background factors. Laboratory data (lactate
dehydrogenase [LDH], alanine aminotransferase [ALT], aspartate aminotransferase [AST], total bilirubin
[T-Bil], creatinine [CRE], hemoglobin [HGB], and albumin [ALB] levels, neutrophil count, and lymphocyte
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count) immediately before the �rst administration of pertuzumab and trastuzumab were collected.
Infusion reactions were de�ned as adverse events of chills, fever, fatigue, erythema, hypertension,
headache, nausea, palpitations, and dyspnea occurring within 24 h after administration of trastuzumab.
The severity of infusion reactions was graded according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0. The survey items were extracted from hospital electronic medical records.

2.3 Statistical analysis
The Mann–Whitney U test was used to compare physical information (age, height, body weight, BMI) in
the Tra+Per and trastuzumab alone (Tra alone) groups and laboratory data in the IR and non-IR groups.
Fisher’s exact test was used to compare patient background in the Tra+Per and Tra alone groups and the
association between infusion reaction occurrence and patient background factors. For the analysis of
factors in�uencing the occurrence of infusion reactions, multivariate analysis (logistic regression
analysis) was performed for BMI and stage IV [6], which have been reported to in�uence the occurrence
of infusion reactions in trastuzumab monotherapy, as well as for factors that showed a p value < 0.2 in
the univariate analysis in this study. All statistical analyses were performed using EZR [8], which is used
for R. More precisely, it is a modi�ed version of R commander designed to add statistical functions
frequently used in biostatistics. The level of signi�cance was set at less than 0.05, in each case.

3. Result

3.1 Participants
Sixty-nine patients in the Tra+Per group (61 at Kyoto Prefectural University of Medicine Hospital and eight
at Kyoto Prefectural University of Medicine Northern Medical Center) and 111 patients in the Tra alone
group (98 at Kyoto Prefectural University of Medicine Hospital and 13 at Kyoto Prefectural University of
Medicine Northern Medical Center) were included in this study. Four patients in the Tra+Per group and �ve
patients in the Tra alone group were excluded from this study because they started receiving trastuzumab
at other hospitals.

3.2 Patient characteristics
Table 1 presents the characteristics of the patients in this study. Premedication (dexamethasone) (p <
0.001) and stage classi�cation (p < 0.001) were signi�cantly different between the Tra+Per and Tra alone
groups. The two groups showed no differences in sex, age, height, body weight, and receptor status. Most
patients in the Tra+Per group received docetaxel (78.5%), and patients in the trastuzumab alone group
mainly received docetaxel (56.6%) and cyclophosphamide (54.7%).
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Table 1
Patient characteristics in this study

  Tra+Per

(n = 65)

Tra alone

(n = 106)

P value

Sex (Male / Female) 0 / 65 2 / 104 0.526 a)

Premedications (Yes / No) 1 / 64 78 / 28 < 0.001a),*

Age (y) 61 (35 - 80) 57 (33 - 83) 0.115 b)

Height (cm) 157.0 (135.5 – 170.0) 156.0 (139.9 - 171.4) 0.438 b)

Body weight (kg) 52.0 (38.5 - 81.7) 55.0 (37.3 - 104) 0.247 b)

BMI 21.7 (15.4 - 30.8) 21.7 (15.4 - 30.8) 0.657 b)

Stage      

14 (21.5) 49 (46.2) < 0.001a),*

26 (40.0) 37 (34.9)  

11 (16.9) 18 (17.0)  

14 (21.5) 2 (2.0)  

Receptor status      

ER positive 34 (52.3) 70 (66.0) 0.079 a)

PR positive 30 (46.2) 42 (40.0) 0.428 a)

HER positive 65 (100) 106 (100) -

Concurrent anticancer therapy      

Docetaxel 51 (78.5) 60 (56.6)  

Nab-paclitaxel 1 (1.5) 17 (16.0)  

Eribrin 1 (1.5) 3 (2.8)  

Cyclophosphamide 0 (0.0) 58 (54.7)  

All data were reported as median (range) or n (%)

Tra, trastuzumab; Per, pertuzumab; BMI, body mass index; ER, estrogen receptor; PR, progesterone
receptor; HER, human epidermal growth factor receptor; nab-PTX, nanoparticle albumin-bound
paclitaxel

a) Fisher’s exact test; b) Mann–Whitney U test (*P < 0.05).
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  Tra+Per

(n = 65)

Tra alone

(n = 106)

P value

Paclitaxel 0 (0.0) 9 (8.5)  

None 12 (18.5) 17 (16.0)  

Pretreatment with Tra 27 (41.5) -  

All data were reported as median (range) or n (%)

Tra, trastuzumab; Per, pertuzumab; BMI, body mass index; ER, estrogen receptor; PR, progesterone
receptor; HER, human epidermal growth factor receptor; nab-PTX, nanoparticle albumin-bound
paclitaxel

a) Fisher’s exact test; b) Mann–Whitney U test (*P < 0.05).

 

3.3 Incidence and status of infusion reactions
The incidence of infusion reactions in the Tra+Per group was 47.7% (31/65), which was signi�cantly
higher than that in the Tra alone group (18.9%, 20/106) (Fig. 1, p < 0.001). The risk ratio of infusion
reactions in the Tra+Per group was 2.53 (Fig. 1). Table 2 shows the characteristics of infusion reactions
in the patients. The incidence of infusion reactions was high at the �rst dose in both the Tra+Per group
(31/31) and the Tra alone group (19/20). The severity of infusion reactions in the Tra+Per group (Grade 1,
9 patients; Grade 2, 22 patients) was signi�cantly higher than that in the Tra alone group (grade 1, 16
patients; grade 2, 4 patients; p < 0.001). The symptoms of infusion reactions varied, including chills, fever,
headache, nausea, and palpitations. All infusion reactions did not occur during pertuzumab
administration but during or after trastuzumab administration.
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Table 2
Severity, symptoms, and onset time in patients with infusion

reactions

  Tra+Per

(n = 31)

Tra alone

(n = 20)

P value

n (%)      

First dose 31 (100.0) 19 (95.0) 0.392

Subsequent doses 5 (16.1) 1 (5.0) 0.384

Severity      

Grade 1 9 (29.0) 16 (80.0) < 0.001*

Grade 2 22 (71.0) 4 (20.0)

≧Grade 3 0 (0.0) 0 (0.0)

Symptoms      

Chills 22 (71.0) 8 (40.0) -

Fever 19 (61.3) 6 (30.0)  

Headache 7 (22.6) 3 (15.0)  

Nausea 3 (9.7) 4 (20.0)  

Palpitation 0 (0.0) 3 (15.0)  

Onset time      

During Pertuzumab 0 (0.0) - 0.345

During Trastuzumab 23 (74.2) 12 (60.0)  

After Trastuzumab 7 (22.6) 8 (40.0)  

Unknown 1 (3.2) 0 (0.0)  

Tra, trastuzumab; Per, pertuzumab

Fisher’s exact test (*P < 0.05)

 

3.4 Management and subsequent therapy in patients with
infusion reactions
The management of therapy after the infusion reactions is shown in Table 3. The symptoms of all
patients improved within the same day in both groups. Some patients took acetaminophen, loxoprofen,
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and corticosteroids for infusion reactions. Most patients in both groups (83.9% in the Tra+Per group and
90% in the Tra alone group) were rechallenged and completed the therapy within the same day. Only one
patient could not resume therapy in the Tra+Per group.

Table 3
Management and subsequent therapy in patients with

infusion reactions

  Tra+Per

(n = 31)

Tra alone

(n = 20)

n (%)    

Infusion stopped 26 (83.9) 8 (40.0)

Symptom resolution 31 (100.0) 20 (100.0)

Medication given for reation 19 (61.3) 4 (20.0)

Acetaminophen 14 (45.2) 3 (15.0)

Loxoprofen 5 (16.1) 0 (0.0)

Antihistamine 3 (9.7) 0 (0.0)

Adrenal corticosteroid 3 (9.7) 1 (5.0)

Rechallenge same day 26 (83.9) 18 (90.0)

Received subsequent therapy 30 (96.8) 20 (100.0)

 

3.5 Risk factors of infusion reactions in patients taking with
Tra+Per therapy
Comparison of physical information and laboratory data between the patients that showed infusion
reaction and those that did not show infusion reactions after receiving Tra+Per combination therapy is
presented in Table 4. Only lymphocyte counts were signi�cantly different between the two groups (p =
0.005). The results of the multivariate analysis are presented in Table 5. Multivariate analysis indicated
that high lymphocyte counts just before therapy were a risk factor for infusion reactions in Tra+Per
combination therapy (odds ratio, 3.08; 95% con�dence interval, 1.13-8.44; p=0.029).
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Table 4
Risk factors for the onset of infusion reactions after pertuzumab administration

  IR

(n = 31)

Non-IR

(n = 34)

P value

Age (y) 63 (35-80) 61 (41-76) 0.708 b)

Height (cm) 157 (143.4-163) 157.7 (135.5-170) 0.338 b)

Body weight (kg) 53 (42.7-81.7) 52.0 (38.5-72.4) 0.327 b)

BMI 21.0 (17.7-30.8) 21.0 (15.4-28.7) 0.110 b)

Pretreatment with Tra 10 (32.3) 17 (50.0) 0.208 b)

Stage      

6 (19.4) 8 (23.5) 0.815 a)

14 (45.2) 12 (35.3)  

4 (12.9) 7 (20.6)  

7 (22.6) 7 (20.6)  

LDH (U/L) 193 (144 - 403) 192 (120 - 315) 0.818 b)

ALT (U/L) 16 (6 - 45) 17.5 (4 - 44) 0.798 b)

AST (U/L) 21 (13 - 46) 22 (13 - 58) 0.968 b)

T-Bil (mg/dL) 0.57 (0.37-1.11) 0.60 (0.20 - 1.73) 0.722 b)

CRE (mg/dL) 0.63 (0.40 - 1.15) 0.60 (0.3 - 1.03) 0.163 b)

CCr (ml/min) 80.6 (36.5 - 212.2) 81.4 (42.4 - 267.6) 0.597 b)

eGFR (mL/min/1.73m2) 72.3 (35.9 - 125.7) 77.5 (41.7 - 184.3) 0.117 b)

HGB (g/dL) 12.3 (8.5-15.8) 12.7 (8.5 - 15) 0.921 b)

ALB (g/dL) 4.1 (3.6-4.8) 4.3 (3.1-4.8) 0.091 b)

All data are reported as median (range) or n (%)

BMI, body mass index; Tra, trastuzumab; LDH, lactic acid dehydrogenase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; T-Bil, total bilirubin; CRE, creatinine; CCr,
creatinine clearance; eGFR, estimated glomerular �ltration rate; HGB, hemoglobin; ALB, albumin

a) Fisher’s exact test; b) Mann–Whitney U test (*P < 0.05).
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  IR

(n = 31)

Non-IR

(n = 34)

P value

Neutrophil (103/µL) 2.97 (1.03 - 6.73) 2.67 (1.22 - 6.45) 0.419 b)

Lymphocyte (103/µL) 1.68 (0.5-3.58) 1.20 (0.41-2.97) 0.005 b),*

All data are reported as median (range) or n (%)

BMI, body mass index; Tra, trastuzumab; LDH, lactic acid dehydrogenase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; T-Bil, total bilirubin; CRE, creatinine; CCr,
creatinine clearance; eGFR, estimated glomerular �ltration rate; HGB, hemoglobin; ALB, albumin

a) Fisher’s exact test; b) Mann–Whitney U test (*P < 0.05).

 
Table 5

Multivariate analysis of risk factors and their relationships with infusion reactions

  Contrast Odds ratio 95% CI P value

eGFR 1-unit increase 0.984 0.958 - 101 0.216

BMI 1-unit increase 1.060 0.902 - 1.25 0.462

Stage IV vs. others 0.713 0.171 - 2.97 0.640

ALB 1-unit increase 0.270 0.0433 - 1.69 0.162

Lymphocyte 1-unit increase 3.080 1.13 - 8.44 0.029*

logistic regression analysis (*P < 0.05)

CI, con�dence interval; eGFR, estimated glomerular �ltration rate; BMI, body mass index; ALB,
albumin.

4. Discussion
This study indicated that co-administration of pertuzumab increased the incidence and severity of
infusion reactions caused by the administration of trastuzumab. In addition, this study showed that high
lymphocyte counts just before therapy were a risk factor for infusion reactions in patients receiving
Tra+Per combination therapy. These �ndings provide valuable information for the prevention of infusion
reactions during Tra+Per combination therapy.

The incidence of infusion reactions in patients receiving Tra+Per was 47.7%, which was signi�cantly
higher than that in patients receiving Tra alone (18.9%), with a risk ratio of 2.53 (Fig. 1). The incidence of
infusion reactions for trastuzumab monotherapy (18.9%) was similar to the results in a previous report
(16.2%) [6], indicating that the incidence of infusion reactions during trastuzumab monotherapy was
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reasonable in this study. In patients receiving Tra+Per, infusion reactions were not observed during
pertuzumab treatment, but they appeared during or after trastuzumab administration (Table 2). The
incidence (13.0%) of infusion reactions for Tra+Per combination therapy in the CLEOPATRA trial for
metastatic recurrent breast cancer was lower than that in the neoadjuvant and adjuvant trials
(18.6%-25.0%) for early-stage breast cancer [9] and in our study (47.7%). One reason for the low incidence
in the CLEOPATRA trial is the long interval between pertuzumab (day 1) and Tra+DTX (day 2). Thus,
pertuzumab did not increase the risk of infusion reactions associated with trastuzumab in the
CLEOPATRA trial, since it was not administered on the same day. Therefore, our results suggest that co-
administration of pertuzumab increases the incidence and severity of infusion reactions caused by
trastuzumab.

Our results indicate that the pretreatment lymphocyte counts in patients who showed infusion reactions
during the Tra+Per combination therapy were signi�cantly higher than those in patients who did not show
infusion reactions (Table 4). Multivariate analysis identi�ed lymphocyte counts just before treatment as a
risk factor for the development of infusion reactions in Tra+Per combination therapy (Table 5). Patients
taking rituximab, another biologic drug used for chronic lymphocytic leukemia, and showing lymphocyte
counts greater than 5.0 × 104/µL have been reported to show a signi�cantly higher rate of severe
symptoms than patients taking rituximab with low lymphocyte counts [10]. Thus, the infusion reactions
caused by rituximab are more likely to become severe in patients with high lymphocyte counts. This is
thought to be because the number of lymphocytes increases as the disease progresses, and the incidence
and severity of infusion reactions increase accordingly because CD20-positive B cells can release
cytokines during death. In contrast, pertuzumab and trastuzumab activate antibody-dependent
cytotoxicity (ADCC) through effector cells such as macrophages and natural killer cells (NK cells) [11].
Activated NK cells, one of the lymphocytes, can produce cytokines such as tumor necrosis factor alpha,
so higher numbers of NK cells release more cytokines, which may increase the incidence and severity of
infusion reactions. Thus, a novel �nding of the present study is that the number of circulating
lymphocytes is important for the incidence of infusion reactions not only in hematopoietic tumors but
also in solid tumors.

All patients in the Tra+Per combination therapy group who showed infusion reactions during the second
and subsequent doses also showed infusion reactions after the �rst dose. In the Tra alone group, 93.8%
of patients showing infusion reactions have been reported to develop infusion reactions at the �rst dose
[6]. In addition, high-dose patients (maintenance therapy at 4 mg/kg after the initial dose of 8 mg/kg) had
higher rates of fever (45% vs. 36%) and chills (40% vs. 22%) than low-dose patients (maintenance therapy
at 2 mg/kg after an initial dose of 4 mg/kg) [12]. On the basis of these results, we speculate that the
incidence of infusion reactions is higher after the �rst dose because of the use of loading doses of both
trastuzumab and pertuzumab. Therefore, special attention should be paid to infusion reactions at the �rst
dose in the Tra+Per combination therapy.

Our study did not extract BMI as a risk factor of infusion reactions (Table 4), but high BMI has been
reported to increase the risk of infusion reactions with trastuzumab monotherapy [6]. Only 23.1% of the



Page 12/15

patients in our study had a high BMI (25 or more), which was markedly less than the proportion in a
previous study (69.5%), and one reason why the in�uence of BMI was not observed may be the difference
in patient background. In addition, this study did not extract stage classi�cation as a risk factor for
infusion reaction (Table 4), unlike previous reports on trastuzumab monotherapy [6]. The incidence of
infusion reactions in patients with stage IV disease was 50% (7/14). The incidence of infusion reactions
in stage IV patients pretreated with trastuzumab (1/6, 16.8%) tended to be lower than that in patients not
pretreated with trastuzumab (6/8, 75%; p = 0.103) in this study. Therefore, one reason why the in�uence
of stage classi�cation is different could be pretreatment with trastuzumab.

Prediction of infusion reactions on the basis of the lymphocyte count, which was identi�ed as a risk
factor for infusion reactions in this study, will enable consideration of prophylactic antipyretic analgesic
medication and enhanced care tailored to individual patient risk. In the future, we hope to conduct a study
with a larger patient population and investigate the bene�t of premedication in Tra+Per combination
therapy and the relationship between infusion reaction occurrence and therapeutic effect so that
chemotherapy for breast cancer patients can be provided more safely and effectively.

This study had several limitations. This was a retrospective study based on medical records, and because
of the limited number of patients, the background characteristics of patients in the IR and non-IR groups
were not standardized. Future studies should aim to evaluate more cases and evaluate patients at
multiple institutions. Another limitation of our study is that since most of the patients were outpatients
undergoing chemotherapy, we may not have accurately assessed the infusion reactions that occurred
after the patients returned home.

5. Conclusions
Our study indicates that the concomitant use of pertuzumab in Tra+Per combination therapy increases
the risk of infusion reactions caused by trastuzumab, and the risk of infusion reactions is higher in
patients with higher lymphocyte counts. Our �ndings can facilitate assessment of the risk of infusion
reaction before administration and allow more appropriate use of the Tra+Per combination therapy
according to the individual risk.
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Figures

Figure 1

Comparison of the incidence of infusion reactions between the Tra+Per therapy and Tra alone groups

Fisher's exact test was used to compare the two groups (*P < 0.05).
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Tra, Trastuzumab; Per, Pertuzumab


