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Abstract

Background: The incidence and risk factors of severe anaphylaxis by intravenous
anti-cancer drugs are unclear, whereas those of milder reactions have been reported.
Study Design: Electronic medical charts of cancer patients who have undergone
intravenous chemotherapy between January 2013 and October 2020 in a univer-
sity hospital were retrospectively reviewed. Non-epithelial malignancies were
also included in the analysis. "Severe anaphylaxis” was judged using Brown's cri-
teria: typical presentation of anaphylaxis and one or more of hypoxia, shock, and
neurologic compromise. (UMIN000042887).

Results: Among 5584 patients (2964 males [53.1%], 2620 females [46.9%], me-
dian age 66 years), 88,200 person-day anti-cancer drug administrations were per-
formed intravenously, and 27 severe anaphylaxes were observed. The causative
drugs included carboplatin (14 cases), paclitaxel (9 cases), and cisplatin, docetaxel,
trastuzumab, and cetuximab (1 case each). The person-based lifetime incidence
of severe anaphylaxis for patients who received at least one intravenous chemo-
therapy was 0.48% (27/5584, 95% confidence interval (CI) 0.30%-0.67%) and the
administration-based incidence was 0.031% (27/88,200, 95% CI 0.019%-0.043%).
Among 124 patients who received at least 10 carboplatin administrations, 10 pa-
tients experienced carboplatin-induced severe anaphylaxis (10/124, 8.1%, 95% CI
3.0%-13.1%). Carboplatin caused severe anaphylaxis after at least 9-min inter-
val since the drip started. Thirteen out of 14 patients experienced carboplatin-
induced severe anaphylaxis within a 75-day interval from the previous treatment.
Paclitaxel infusion caused severe anaphylaxis after a median of 5 min after the
first drip of the day at a life-long incidence of 0.93% (9/968, 95% CI 0.27%-1.59%).
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vere anaphylaxis.
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1 | BACKGROUND

Anaphylaxis is an acute, severe, and potentially life-
threatening allergic reaction that is caused by a variety
of foreign substances. Food, venom, and medications in-
cluding beta-lactam antibiotics and non-steroidal anti-
inflammatory drugs are common triggers of anaphylaxis.'
Intravenous anti-cancer drugs such as platinum agents and
taxanes also often induce hypersensitivity reactions.” A
patient with mild allergic reaction may have localized rash,
itchiness, or rhinitis."> However, severe forms of drug-
induced anaphylaxis are iatrogenic critical events that
demand life-supporting maneuvers.” Therefore, severe
anaphylaxis should be paid careful attention. However,
few studies have focused on chemotherapy-induced severe
anaphylaxis, except for case reports.” Despite the recom-
mended use of dexamethasone and H1/H2 antihistamine
prophylactic pretreatment prior to chemotherapies,”® some
patients still experience severe anaphylaxis. Therefore,
we need to know the incidence and risk factors of severe
anaphylaxis caused by intravenous anti-cancer drugs to
prepare for acute-onset critical events and to design novel
regimens.

In 1999, Markman et al. studied 205 patients who were
treated with carboplatin, observing that 24 (12%) of them
developed hypersensitivity reactions of various severi-
ties.® Their observation also demonstrated that allergic
reactions mainly developed at the 8th or later carboplatin
treatment.® Another well-known risk factor is carbopla-
tin infusion after a 1-year or longer interval.>*! In con-
trast, based on a report by Weiss et al. in 1990, paclitaxel
hypersensitivity reactions of any grade occurred in 27 of
301 patients (9%) and caused mainly by the first or second
exposure to paclitaxel.'”* However, it is not clear whether
these rules can be applied for severe anaphylaxis because
limited numbers of severe cases were reported in these
studies. Furthermore, recently recommended prophy-
lactic premedication might modify the epidemiology. In
addition, numerous new anti-cancer agents, especially
molecular-targeted drugs, have become available in the
last two decades. Therefore, a comprehensive updated risk
assessment is necessary to elucidate the incidence and
high-risk situations of chemotherapy-induced severe ana-
phylaxis. The aim of this study was to assess the incidence
of severe anaphylaxis caused by anti-cancer medications
and to elucidate high-risk situations.

Conclusion: We elucidated the high-risk settings of chemotherapy-induced se-

anaphylaxis, drug hypersensitivity, medical oncology, retrospective studies

2 | METHODS

2.1 | Overview

This was a single-center retrospective chart re-
view study registered with the identification number
UMINO000042887 and was approved by the Yokohama
City University Hospital Institutional Ethical Review
Board (ID: B201200069). Instead of informed consent,
chance of opt out was offered for patients; however, none
of the patient claimed opt out for this retrospective study.

2.2 | Data collection
The electronic medical charts of the Yokohama City
University Hospital were retrospectively reviewed. In this
hospital, prophylactic medications were routinely pro-
vided prior to high-risk agents, such as carboplatin and
paclitaxel. All out-patients and in-patients who underwent
intravenous chemotherapy for any malignancy between 1
January 2013 and 30 October 2020 were identified. Since
our study focused on intravenous anti-cancer medications,
anti-cancer drugs though other routes, such as oral, hypo-
cutaneous, or intra-arterial administration were excluded
from our analysis. Non-epithelial malignancies such as sar-
coma and leukemia were also included in our analysis.
Background data such as age, sex, type of malig-
nancies, and chemotherapy regimens were systemati-
cally extracted. Charts of patients who were given the
International Classification of Disease Code (9th or 10th
edition) of anaphylaxis, anaphylactic shock, or shock on
the day of the chemotherapy were scrutinized in detail.

2.3 | Diagnosis of severe anaphylaxis

"Severe anaphylaxis” was judged using Brown's criteria,’
typical presentation of anaphylaxis and one or more of
hypoxia with saturation of oxygen by pulse oximetry
(SpO,) of 92% or lower, hypotension with systolic blood
pressure below 90 mmHg, and neurologic compromise
such as confusion, collapse, loss of consciousness, and
incontinence. This criterion annotated 139 severe ana-
phylaxis cases (12.2%) out of 1149 patients with systemic
hypersensitivity reactions due to a variety of triggers who
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visited or were transported to an emergency department.®
When an anti-cancer drug was intravenously started and
then led to an allergic reaction within 30 min, the drug
was considered to be the causative agent for our analy-
sis."® Allergic reactions to monoclonal antibodies are
often termed infusion reactions as distinguished from an-
aphylaxis. However, as long as the clinical presentation
satisfied Brown's criteria, we counted allergic reaction
caused by the monoclonal antibody as severe anaphy-
laxis in our analysis, following recent guidelines."

2.4 | Statistics

We calculated two types of incidences in this study. For
administration-based incidence, one person-day treat-
ment was considered as one administration. For example,
when two cycles of gemcitabine (days 1, 8, and 15) were
provided to a patient, this patient is considered to have
6 day-persons of gemcitabine treatment regardless of the
cycle count. On the other hand, person-based lifetime
incidence was calculated regardless of the total number
of administrations for each patient. The Agresti-Coull
method was used to estimate the 95% confidence interval
(CI) of incidence, and the Mann-Whitney test was used to
compare nonparametric numbers in two groups.

3 | RESULTS
3.1 | Background data of patients and
use of drugs

Between January 2013 and October 2020, 5584 patients in-
cluding 2964 males (53.1%) and 2620 females (46.9%) un-
derwent anti-cancer chemotherapy (Table 1). The median
age at the first treatment during the observation period
was 66 years (range 0-93, interquartile range (IQR) 56-73,
Table 1). Of the 5584 patients, the most prevalent targeted
malignancy, allowing multiple-counting for double- and
triple-cancer patients, was pancreatic cancer (705 patients,
11.6%, Table 1) followed by colon cancer (643, 10.6%), bil-
iary cancer (445, 7.3%), and head and neck cancers (444,
7.3%). Patients received median of 10 anti-cancer intrave-
nous administrations (range 1-222, IQR 5-22).

A total of 88,200 person-days of treatment were per-
formed at our institution, of which 34,991 (39.7%) were
provided in ward and 53,209 (60.3%) were provided in the
Outpatient Chemotherapy Center.

The most frequently used drug, fluorouracil, was ad-
ministered 14,893 times to 1066 individual patients. Drugs
infused more than 2000 times such as gemcitabine, cispla-
tin, and solvent-based paclitaxel are listed in Table 2.
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TABLE 1 Background characteristics of patients
N 5584
Median age (interquartile range) 66 (56-73)
Man 2964 (53.1%)

Woman 2620 (46.9%)
Cancer type

Pancreatic cancer 705 (11.6%)
Colon cancer 643 (10.6%)
Biliary cancer 445 (7.3%)
Head and neck cancer 444 (7.3%)
Breast cancer 430 (7.1%)
Non-Hodgkin lymphoma 383 (6.3%)
Cervical cancer 333 (5.5%)
Gastric cancer 328 (5.4%)
Esophageal cancer 312 (5.1%)
Ovarian cancer 255 (4.2%)
Non-small cell lung cancer 227 (3.7%)
Endometrial cancer 155 (2.5%)
Oral cancer 135 (2.2%)
Urothelial carcinoma 125 (2.1%)
Acute lymphatic leukemia 118 (1.9%)
Acute myelogenous leukemia 97 (1.6%)
Brain tumor 92 (1.5%)
Renal cell carcinoma 79 (1.3%)
Malignant soft tissue tumor 79 (1.3%)
Malignant melanoma 79 (1.3%)
Non-small cell lung cancer 63 (1.0%)
Prostate cancer 58 (1.0%)

Note: Age was determined by the day of first anti-cancer therapy during the
observation period.

A patient who had double or triple cancer may be double counted in this
table only for cancer type.

Cancers with prevalence >1% are listed.

3.2 | Overall incidence

We identified 27 cases of severe anaphylaxis from our
database despite 25 of them having preventive premedi-
cation, including dexamethasone (Table 3). The person-
based lifetime incidence of severe anaphylaxis for
patients who received at least one intravenous chemo-
therapy was 0.48% (27/5584,95% confidence interval (CI)
0.30%-0.67%) and administration-based incidence was
0.031% (27/88,200, 95% CI 0.019%-0.043%). The causa-
tive drugs were carboplatin in 14 cases (52%), paclitaxel
in 9 cases (33%), and cisplatin, docetaxel, trastuzumab,
and cetuximab (1 case each, 4%) (Table 3). Notably, 19
out of 27 patients were gynecological cases (13 ovarian, 4
cervical, and 2 endometrial). Otherwise, no age-, or sex-
related predominance observed (Tables 1 and 3).
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Administration
Drug (Person-day) Patients
Fluorouracil 14,893 1066
Gemcitabine 14,575 1242
Cisplatin 10,305 1643
Paclitaxel, solvent-based 8894 1034
Bevacizumab 6743 563
Irinotecan 6263 608
Levofolinate 6106 494
Carboplatin 5581 1037
Cetuximab 5239 326
Etoposide 4449 360
Oxaliplatin 4321 694
Paclitaxel, 3692 434
nanoparticle-albumin-bound
Cyclophosphamide 3312 697
Vincristine 3143 483
Nivolumab 2927 243
Doxorubicin 2908 468
Trastuzumab, non-conjugated 2903 166
Cytarabine 2676 159
Ifomide 2454 167
Mesna 2215 163
Rituximab 2137 319
Docetaxel 2079 520

Note: Drugs that were administrated >2000 times are listed.

nab-Paclitaxel, nanoparticle-albumin-bound Paclitaxel.

Three severe anaphylaxes (11%) were caused by one
each of brand-name cetuximab (Erbitux), non-conjugated
trastuzumab (Herceptin), and docetaxel (Taxotere); the
other 24 events (89%) were caused by generic or biosim-
ilar medications. This only reflected the frequency of use
in our hospital. Majorities of cetuximab (96.1%) and non-
conjugated trastuzumab (99.1%) and 23.7% of docetaxel
were brand-name medication, while only generic drugs
were administrated for cisplatin, solvent-based paclitaxel,
and carboplatin during the study period.

3.3 | Carboplatin and platinum
During the review period, 5581 carboplatin administrations
for 1037 patients induced a total of 14 severe anaphylaxes
(Table 2), which yielded an administration-based incidence
of 0.25% (95% CI 0.11%-0.39%) and person-based lifetime
incidence for patients who received at least one carboplatin
administration of 1.35% (95% CI 0.60%-2.10%).

According to the data of these 14 patients, the total num-
ber of carboplatin administrations including those that led

TABLE 2 Frequently used anti-cancer

S
evere drugs

anaphylaxis

S © O ©v = O

S O o

_ ©O ©O © © B O ©O o ©

to the severe anaphylaxis ranged from 3 to 16 (median 11.5)
(Table 3). Compared to the 13 events caused by the other
drugs, a larger number of the same drug was administered
to each person until the severe anaphylaxis (p < 0.001,
Figure 1A). Once stratified by every five cumulative car-
boplatin administrations, the incidence of severe anaphy-
laxis was highest for patients who received their 11th-15th
carboplatin administration (6/369 = 1.63%, 95% CI 0.16%-
3.09%) followed by the 16th-20th treatment (2/129, 1.55%,
95% CI 0%-4.43%), whereas that of the 1st-5th treatment
was 0.054% (2/3740, 95% CI 0%—-0.16%) (Figure 2A). Among
124 patients who received at least 10 carboplatin adminis-
trations, 10 experienced severe anaphylaxes in their life
(10/124, 8.1%, 95% CI 3.0%-13.1%). Out of 369 administra-
tions as the 11th-15th treatment of the patient, 283 (77%)
were treated for ovarian, endometrial, or cervical cancers
and we believe this explain why only gynecological patients
experienced carboplatin-induced events (Figure 1A).

The first sign or symptom of carboplatin-induced ana-
phylaxis was observed at a median of 17.5 min (IQR 12.5-
24.75) after the first carboplatin drip of the day (Table 3).
Compared to the 13 events caused by the other drugs such
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(B) The first drip to onset interval
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FIGURE 1 High-risk situations of severe anaphylaxis caused by carboplatin and the other drugs. p value: Mann-Whitney test. Drug
repeat: cumulative number of causative drug administration including the administration leading to the event. Error bar: Median and

interquartile range are presented
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as paclitaxel, it took longer interval from the first drip of
the day to the reaction onset (p < 0.001, Figure 1B).

The interval from the previous carboplatin treatment
was then analyzed. A median interval from the previous
carboplatin administration to the administration leading to
the event was 28 days. Thirteen out of 14 patients experi-
enced carboplatin-induced severe anaphylaxis within a 75-
day interval, whereas one patient experienced severe event
at an interval of 295 days. There was no severe anaphylaxis
observed after a 360-day or longer interval (Table 3).

Cisplatin, which was administrated 10,305 times for 1643
patients (Table 2), caused one severe anaphylaxis (Table 3).

No case of severe anaphylaxes was induced by the
other platinum treatments in this study, including oxal-
iplatin (4321 administrations, 694 patients, Table 2) and
nedaplatin (505 administrations, 153 patients).

3.4 | Paclitaxel and taxanes

Intravenous solvent-based paclitaxel was infused 8894
times in 1034 patients (Table 2). Paclitaxel induced nine

severe anaphylaxes including six cases of shock. Seven of
the nine patients had severe anaphylaxis during the first
administration of paclitaxel. The second and third admin-
istrations caused one severe event each (Table 3). Because
66 of the 1034 patients in our database received their first
paclitaxel treatment before January 2013, the remaining
968 patients in this database received their first paclitaxel
administration during our observation period. Among
them, the incidence of paclitaxel-induced severe anaphy-
laxis during the first administration was 0.72% (7/968,
95% CI10.12%-1.32%) (Figure 2B). For this population, the
incidence of lifelong paclitaxel anaphylaxis during the
first up to the third treatment was 0.93% (9/968, 95% CI
0.27%-1.59%).

The median duration from the first paclitaxel drip of
the day to the first sign or symptom of anaphylaxis was
5 min (range 1 to 15, Table 3).

Nanoparticle  albumin-bound  paclitaxel (nab-
paclitaxel) was notably being increasingly administered,
with 87 instances in 2013 and 718 in 2019. This drug was
administered 3693 times in 434 cases, none of whom had
severe anaphylaxis (Table 2).
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A total of 520 patients received 2079 docetaxel infu-
sions (Table 2). The first-course docetaxel caused severe
anaphylaxis in a 60-year-old gastric patient 5 min after the
initiation of the infusion (Table 3).

No cases of severe anaphylaxis were caused by cabazitaxel,
a recently developed taxane, which was used in 13 patients.

3.5 | HER2 monoclonal antibody

HER2 monoclonal antibody, trastuzumab, was adminis-
trated 2903 times for 166 patients who had breast cancer,
Paget's disease, or gastric cancer (Table 2). A 55-year-old
woman with breast cancer who did not have any prophy-
lactic premedication suffered from anaphylactic shock
with desaturation 14 min after trastuzumab infusion
(Table 3). Intra-muscular adrenaline was shot within a
minute since blood pressure dropped below 90 mmHg.
She was recovered from shock in 2 min. She was safely
retreated with trastuzumab with prophylactic dexametha-
sone, diphenhydramine, and ranitidine 10 days after this
event and successfully underwent total 45 doses of trastu-
zumab. She was the only patients who received the same
drug after the severe anaphylaxis in our institute.

3.6 | EGFR monoclonal antibody
Cetuximab, an EGFR monoclonal antibody, was infused
5240 times in 249 patients with colon, oral, or head and neck
cancers (Table 2). A 71-year-old male with head and neck
carcinoma experienced a severe anaphylactic event 8 min
after intravenous treatment with cetuximab (Table 3).

3.7 | Clinical courses of severe anaphylaxis
Of the 27 patients who underwent the severe anaphy-
laxis, 22 (81%) had hypoxia, 15 (56%) had shock, and
6 (22%) had neurologic compromise (Table 3). In addi-
tion, 12 (44%) complained of dyspnea, 7 (26%) had no-
ticeable perspiration, and 16 (59%) had generalized or
facial flushing.

All patients were successfully treated with combina-
tions of oxygen, hydration, intramuscular adrenaline,
hydrocortisone, chlorpheniramine, or famotidine, and no
one died. Intravenous aminophylline, inhaled salbutamol,
and nebulized salbutamol were also used in a few patients.
Intra-muscular adrenaline was provided in 11 patients, of
whom eight had active shock. Four of the eight patients
who received an adrenaline shot recovered from shock
within 5 min whereas each of the other four cases took
8, 12, 19 for the shock recovery, and 56 min, respectively.

4 | DISCUSSION
Although many studies have warned about anaphy-
laxis caused by anti-cancer d1’ugs,7’8’14 the risk factors for
chemotherapy-induced severe anaphylaxis remained un-
clear. This is partly because most studies on this topic have
been published as case repots, which are unsuitable for
estimates of incidence and risk factors. By contrast, retro-
spective database analysis is a reasonable strategy for this
clinical question given the low incidence of severe anaphy-
laxis. We analyzed 88,200 person-day treatments for 5584
patients and clarified that the repeated carboplatin infusion
and the first few administrations of solvent-based paclitaxel
are distinct high-risk situations for severe anaphylaxis, de-
spite the use of prophylactic medications. In addition to car-
boplatin and taxanes, numerous cytotoxic agents have been
frequently used (Table 2); however, most of these agents
did not cause severe events at our hospital. In a few cases,
monoclonal antibodies were the causative agents.
Carboplatin is believed to induce IgE-mediated type I
hypersensitivity.'>'® It typically occurs more than 10 min
after the first drip of the 11th to 20th course of the drug
(Table 3, Figures 1 and 2). This finding was compatible
with numerous previous reports about carboplatin hy-
persensitivity of any grade.>”~ However, the interval be-
tween the previous carboplatin administration and severe
anaphylaxis remains controversial. O'Cearbhaill et al. re-
ported that the median interval between prior platinum
regimen and hypersensitivity reaction was 20 months.’
Gadducci et al. assessed 69 patients of whom nine expe-
rienced anaphylactic events and noted that carboplatin
re-treatment after an interval longer than 23.4 months
was a strong risk for hypersensitivity of any severity (odds
ratio 7.1, p = 0.013)."° A database analysis by Schwartz
et al. involving 126 patients suggested that a prolonged
platinum-free interval longer than 24 months substan-
tially increases severe carboplatin hypersensitivity of
any severity (p = 0.009)."* Nonetheless, no patient in our
hospital experienced severe anaphylaxis caused by carbo-
platin after a 1 year interval or longer (Table 3). By con-
trast, 13 out of 14 patients in our study had events within
75 days from the previous carboplatin treatment (Table
3). Although we could not detect a definite clue for this
discrepancy, the high-risk situations of severe anaphy-
laxis might be different from those of milder hypersen-
sitivity. In any case, a patient with repeated carboplatin
infusion should be closely monitored even after a short
interval from the last treatment. Various protocols have
been advocated for patients who experience carboplatin
hypersensitivity.'”'® However, re-administration of the
trigger medication that caused severe anaphylaxis cannot
be justified.*”® Interestingly, only gynecological patients
experienced carboplatin-induced severe anaphylaxis in
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our study, despite carboplatin being commonly used for
a variety of cancers. This could be because 6th- or latter-
carboplatin administration was the risk factor for severe
anaphylaxis and 6th- or latter-carboplatin was mainly pro-
vided for gynecological patients (Figure 2A).

In our study, the first to third administration of taxanes
caused severe anaphylaxis whereas fourth- or latter-infusion
did not, and most of these taxanes-induced severe anaphy-
laxes occurred within 5 min. These findings consistent with
those of previous studies regarding hypersensitivity of any
grade.*'* Although some researchers mentioned that pacli-
taxel hypersensitivity is milder than that caused by carbopla-
tin,” we should do recognize that paclitaxel-induced severe
anaphylaxis is not rare (Table 3). Paclitaxel re-administration
may be considered once mild symptoms subside.**’ However,
paclitaxel re-administration after severe anaphylaxis seems
too risky.*”"? Polyethylated castor oil solvent of paclitaxel is
known todirectly cause hypersensitivity via the non-IgE mech-
anism.>*** By contrast, nab-paclitaxel is believed to rarely
cause hypersensitivity.>*"** There was no nab-paclitaxel-
induced severe anaphylaxis in our hospital, although this
should be confirmed through another larger database.

Monoclonal antibodies can cause acute hypersensi-
tivity, including anaphylaxis mediated by IgE, similar
to anaphylactoid reactions, infusion reactions, and cyto-
kine release syndrome.23 Cetuximab, a chimeric mouse-
human monoclonal antibody against EGFR is known
to induce anaphylaxis when IgE antibodies target ga-
lactose.”*** A post-marketing survey of trastuzumab, a
humanized anti-HER2 monoclonal antibody, covered
25,000 cases identified 74 patients (0.3%) with severe
infusion-related events mostly occurring shortly after
infusion. Nine events leading to death were induced
by the first administration of trastuzumab.? Although
some might consider that hypersensitivity reaction to
monoclonal antibody is not anaphylaxis but an infusion
reaction, two of our cases presented typical symptoms of
severe anaphylaxis and had excellent reaction to adrena-
line (Table 3, cases 19 and 20)."**

As long as medical staff are prepared for severe ana-
phylaxis, it is easy to diagnose because most patients
present with sudden-onset typical symptoms during in-
travenous treatment (Table 3). In addition, the first-choice
medical therapeutic option, intramuscular epinephrine
(0.3 mg = 0.3 ml of 0.1%), is effective for most patients.>*
Nonetheless, experts strongly believe that epinephrine is
underused despite the recommendations of guidelines.>*
Most clinicians are used to administering 1 mg intravenous
epinephrine for cardio-pulmonary arrested patients;”’ how-
ever, they usually do not have enough chance to be trained
administering intramuscular epinephrine for anaphylactic
patients. Doctors and nurses who provide intravenous anti-
cancer drugs should know the risk situation illustrated in
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our analysis and be familiar with intramuscular adrenaline
shots to deal with iatrogenic critical events.

The limitations of our study include the low evidence
level due to the retrospective design, inconsistent prophy-
laxis regimens, and possibly omitted events 30 min after
the first drip.

In conclusion, we conducted a retrospective database
analysis of 88,200 person-days of treatment for 5584 pa-
tients. Repeated carboplatin and the first few administra-
tions of paclitaxel and docetaxel are high-risk situation.
The lifelong incidence of severe anaphylaxis was as high
as 8.1% among patients who received at least 10 carbopla-
tin administrations. Carboplatin typically caused severe
anaphylaxis after 10-min or longer interval since the first
drip. Long interval since the last carboplatin treatment
was not a risk of severe anaphylaxis. Paclitaxel-induced
severe anaphylaxis was typically caused by the first ad-
ministration within 5 min from the first drip and the life-
long incidence was 0.93%. Monoclonal antibodies also
caused a few severe anaphylaxes.
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