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Abstract

Background This study aimed to explore the potential risk factors of platinum allergy and follow-up treatment to provide
a reference for the clinical prevention and treatment of platinum allergic reactions in patients with gynecological tumors.
Methods The study retrospectively analyzed 45 cases of platinum allergic reactions that occurred in Shengjing Hospital
affiliated to China Medical University from August 2010 to July 2016. Analysis of risk factors included the cumulative dose,
treatment course and time intervals.

Results The cumulative carboplatin dose in allergic patients ranged from 900 to 10250 mg (average 4845 mg). The 45
allergic reactions occurred between the 3rd and 25th course of treatment (average 11.4 courses). The average re-treatment
interval of carboplatin-allergic patients was 28.1 months, including 93.3% of patients with platinum re-treatment interval
of more than 1 year. The allergic reaction occurred in the 2nd or 3rd course of re-treatment in 26 patients, accounting for
70.3% of all patients with recurrence. Seventeen patients were subjected to desensitization therapy, among which 13 cases
were well tolerated.

Conclusions Patients who received more than 8 courses of carboplatin or a cumulative dose of more than 3500 mg were
the high-risk population for platinum allergy. The 2nd and 3rd treatment course after restarting carboplatin treatment after
an interval time of more than 1 year was the high incident period of carboplatin allergy. Skin tests should be conducted in
patients with high risk of carboplatin allergy. In cases of carboplatin allergy, patients could receive carboplatin or oxaliplatin
desensitization therapy.
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Introduction clinical features of 45 platinum allergy cases admitted in the

gynecological oncology ward of Shengjing Hospital affili-

In recent years, the increased use of platinum-based drugs
in clinical applications has increased the incidence rates of
platinum allergy. Studies have reported the incidence rate of
carboplatin allergy to be 1-44% [1-3], cisplatin allergy to
be 5-20% [4] and oxaliplatin allergy to be 10-18.9% [5, 6].
Given the heavy use of platinum-based therapies for gyneco-
logical malignancies, gynecological oncologists should
pay special attention to platinum allergy. We analyzed the
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ated to China Medical University from August 2010 to July
2016, to develop a standard for evaluating and classifying
patients according to risk factors of platinum allergy. We
also analyzed prevention programs according to the evalu-
ation score, providing a reference for the prevention and
reduction of the risks of platinum allergy.

Patient and methods

The study included 45 patients aged between 34 and 71 years
(mean 56.2 years), including 39 cases of ovarian cancer, 3
cases of fallopian tube cancer, 1 case of endometrial cancer,
and 2 cases of cervical cancer. Among the 42 ovarian and
fallopian tube cancer patients, 41 received satisfactory pri-
mary cytoreductive surgery and 68 courses of paclitaxel/
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docetaxel + carboplatin chemotherapy, 1 patient refused sur-
gery. There were 50 episodes of allergic reactions in the 45
patients (Table 1).

Results
Clinical manifestations of allergic reactions

Among the 45 cases, allergic reactions in 37 patients
appeared between 1 min to 2 h after chemotherapy initia-
tion, with an average onset time of 28.2 min. In 19 cases
(51.4%), the allergic reaction happened within 10 min. Aller-
gic reactions were classified as mild (rash, itching, absence
of change in vital signs), moderate (symptoms between
mild and severe) and severe (blood pressure decrease,
blood oxygen decrease, unconsciousness). The main symp-
toms included dyspnea, facial flushing, palpitations, itching,
nausea and vomiting, blood pressure changes, blood oxygen
decrease, rash, abdominal pain, hyperhidrosis, unconscious-
ness and dizziness (Table 2).

Emergency treatment

In the event of adverse allergic reactions, therapy was ter-
minated immediately with application of a nasal catheter
oxygen mask and monitoring of blood pressure, oxygen satu-
ration and pulse, accompanied by rapid intravenous admin-
istration of saline and anti-allergic drugs (dexamethasone,
methylprednisolone, epinephrine and other drugs), blood
pressure elevation for hypotension patients (dopamine) and
antispasmodic (aminophylline), sedation (diazepam and
promethazine) treatment. All 45 patients were successfully
rescued.

Treatment courses following platinum allergic
reactions

Allergic reactions occurred during course 3-25, with an
average of 11.4+5.2 courses (median 10 courses), and
those occurring at the 8th course or later accounted for
77.8% (35/45) of all reactions. Additionally, 82.2% (37/45)
of cases occurred during treatment after recurrence, with
patients experiencing allergic reactions at the 2nd or 3rd

Table 1 Cases and episodes of platinum allergic reactions

Classifica- Carbo- Cisplatin ~ Oxaliplatin Nedaplatin Total
tion platin allergic allergic allergic
allergic reactions  reactions  reaction
reaction
Cases 35 5 4 1 45
Episodes 38 5 6 1 50
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Table 2 Clinical manifestations of allergic reaction

Symptoms Cases Percentage
Allergic shock 10 222
Dyspnea 21 46.7
Facial flushing 20 44.4
Palpitations 16 35.6
Itching 15 33.35
Blood pressure changes 14 31.1
Nausea and vomiting 13 28.9
Blood oxygen decrease 9 20
Rash 8 17.8
Abdominal pain 6 13.3
Hyperhidrosis 5 11.1
Unconsciousness 5 11.1
Dizziness 4 8.9

course of treatment after recurrence accounting for 70.3%
(26/37) of all patients (Fig. 1).

Cumulative doses of platinum in patients

The cumulative dose of carboplatin in the 35 cases of
allergy ranged from 900 to 10,250 mg with an average of
4845 +2019 mg (median 4500 mg), including 26 cases
(74.3%) with a cumulative dose higher than 3500 mg. The 5
cases of cisplatin allergy, 4 cases of oxaliplatin allergy and
1 case of nedaplatin allergy showed reactions after platinum
reuse due to tumor recurrence, the accumulated carboplatin
dose of these patients ranged from 1500 to 6500 mg.

Time interval between treatments in recurrent
patients

The time interval between treatments in the 37 recur-
rent patients ranged from 4.5 months to 11 years, with
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Fig. 1 The incidence of platinum allergy during treatment after recur-
rence
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Table 3 Clinical features of
platinum allergy

Courses of platinum treat-

Cumulative platinum dose Time interval before second

ment (mg) platinum treatment (months)
Average 11.4+5.2 courses 4845+2019 28.1+23
Median 10 courses 4500 20.5
Table 4 Platinum allergy score Score Courses of plati- Cumulative plati-  Time interval before second Duration of second
num treatment num dose (mg) platinum treatment (years) platinum treatment
0 <8 courses <3500 <1 Others
> 8 courses >3500 >1 Third course
2 > 12 courses > 8000 >2 Second course
100
an average of 26.4 +21.7 months (median 19 months).
Among them, the time interval for the 30 cases of carbo- 80 -
platin allergy ranged from 7 months to 11 years, with an o
average of 28.1 +23 months (median 20.5 months). The 2
time interval for 93.3% of these cases (28/30) was more E’,: 60
than 1 year, and was over 2 years for 46.7% (14/30) of s
those cases of carboplatin allergy. The clinical features of io 40 -
platinum allergy are described in Table 3. = &
20
Follow-up treatments for allergic patients : ‘ ‘ l ‘ ‘

The symptoms of the first allergic reaction in four patients
were mild and occurred at home. For these patients
the allergic reaction after treatment restart/recurrence
occurred earlier than the first time and with more serious
symptoms, including 1 case of cardiac arrest, which was
rescued by cardiopulmonary resuscitation (giving up treat-
ment afterwards), and the other 3 cases were switched to
non-platinum-based treatments.

Desensitization therapy was administered to 17 patients.
The method of desensitization therapy refers to Mariana’s
study [7] and there were 2 cases each of carboplatin and
cisplatin, who were successfully desensitized using the
original scheme. One carboplatin-allergic patient failed
during carboplatin desensitization, and then achieved suc-
cessful desensitization using oxaliplatin. Nine carboplatin-
allergic patients directly received oxaliplatin desensitiza-
tion, which was successful in 5 cases, with the other 4
cases failed and were switched to a non-platinum regimen.
There were one of each of oxaliplatin-, nedaplatin- and cis-
platin-allergic patients who achieved successful desensiti-
zation of oxaliplatin. Among the remaining 24 patients, 2
completed more than 6 courses of first-line chemotherapy
and achieved complete remission, 16 cases were switched
to non-platinum-based regimes for continuous treatment,
and the remaining 6 patients abandoned treatment.

0 20 40 60 80 100
1 - Specificity (%)

Fig.2 ROC curve of platinum allergy score of 45 platinum-allergic
patients

High-risk scoring standard and verification
of platinum allergy

A high-risk scoring standard was determined according
to the clinical features of the 45 patients with platinum
allergy and the relevant literature reports. The highest
score was set at 8 points, with 0-2 indicating low risk,
3-5 indicating moderate risk and 6-8 indicating high risk
(Table 4).

The 45 cases of platinum-allergic patients were evaluated
according to the scoring standard along with an analysis
of their clinical symptoms. Ten patients were determined
to be low-risk with no severe allergic reactions observed,
26 were determined to be at moderate-risk, with 15% (4
cases) manifesting severe allergic reactions and 9 patients
were determined to be at high-risk, with severe allergic reac-
tions occurring in 67% (6 cases) of these patients. The ROC
curve may demonstrate the reliability of this scoring system
(Fig. 2).
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From August 2016 to March 2017, we performed a total
of 344 carboplatin chemotherapy, there were 234 episodes
of low-risk patients, 108 episodes of moderate-risk patients,
and 2 episodes of high-risk patients. According to the degree
of risk to take prevention, no patients developed severe aller-
gic reactions.

Discussion

In 1975, cisplatin, the first-generation platinum-based ther-
apy, was serendipitously found to inhibit bacterial growth
and has since been gradually applied to the treatment of
malignant tumors. Today, it is widely used and has achieved
good curative effects in testicular, ovarian, bladder, head and
neck cancer and other solid tumors [8]. After the publica-
tion of five major clinical trials of cervical cancer [9-13],
concurrent cisplatin-based chemotherapy became the first-
line therapy for advanced cervical cancer. However, since
1986, carboplatin, a second-generation platinum compound,
has gradually replaced cisplatin in ovarian cancer treatment,
due to its similar efficacy and lower toxicity [14]. Since the
end of the last century, the combination of paclitaxel and
carboplatin has been used as first-line therapy for ovarian
cancer and is the preferred therapy for sensitive relapsed
patients. Studies have shown that this scheme is not only
effective for ovarian cancer, but also has curative effects
for endometrial and cervical cancer [15—17], becoming the
first-line chemotherapy for these two malignancies. There-
fore, carboplatin application is extensive in the three major
gynecological tumors. Oxaliplatin is a third-generation
platinum compound, and the first-line therapy for many
malignant tumors [18-20]. Since there is no cross-resist-
ance between oxaliplatin and cisplatin, it has been gradually
applied towards cisplatin-resistant recurrent ovarian cancer
and has achieved satisfactory results [21]. In recent years,
many clinical studies have also confirmed the efficacy of
oxaliplatin in recurrent ovarian cancer [22-24]. With the
increasing application of platinum-based drugs in gyneco-
logical malignancies, platinum allergic reactions have also
gradually increased; therefore, understanding the risk factors
of platinum allergy and identifying high-risk patients for
early prevention is essential.

Risk factors for platinum allergy

Most studies regarding platinum allergy have reported that
its risk is associated with: (1) previous treatment courses,
(2) cumulative dose and (3) the interval time between re-
use of platinum. The risk of platinum allergies gradually
increases with increasing courses of medication. For exam-
ple, Markman et al. reported that the allergic incidence rate
for patients receiving carboplatin chemotherapy for the first
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time during the first 5 cycles of treatment was less than 1%,
increasing to 6.5% by the 6th course and as high as 27%
in patients receiving more than 7 therapy cycles [25]. A
preliminary study by Markman et al. found that the plati-
num allergy incidence rate in patients receiving more than
8 cumulative cycles was significantly increased, with the
incidence rate in patients receiving 8 courses or more as high
as 29.3% [2]. Koshiba et al. showed that the allergic rate
in patients receiving 9 courses of carboplatin therapy was
significantly increased, while the incidence rate of severe
allergic reactions increased in patients receiving more than
15 courses of carboplatin treatment [26].

Analyzing these three factors in our patient cohort, we
found that the average number of courses in the 45 platinum-
allergic cases was 11.4+5.2 courses (median 10 courses),
with 77.8% of patients receiving more than 8 treatment
cycles. Thus, in our final risk score 8 or more courses and 12
or more courses were set as thresholds for high risk. In addi-
tion, platinum allergic reactions are related to the cumulative
dose of platinum. Wang et al. reported 13 cases of carbopl-
atin allergy with cumulative dosages of 1900-1911,400 mg,
and an average dosage of 4840 mg [27]. The cumulative
dose of carboplatin in the allergic cases of this study ranged
from 900 to 10,250 mg, with average cumulative dose of
4845 +2019 mg (median 4500 mg), and the allergic rate in
patients with cumulative carboplatin doses over 3500 mg
was 74.3%. Koshiba et al. showed that the risk of severe
allergic reaction increases when the cumulative dose of car-
boplatin reaches 8000 mg [26]. Therefore, we used a cumu-
lative carboplatin dose of 3500 or 8000 mg and higher as
thresholds for high risk scoring. Finally, allergic reactions
are associated with the interval of carboplatin treatment.
Schwartz et al. reported that the incidence and severity of
carboplatin allergy was correlated with the time interval of
carboplatin treatment, with allergic rate of 25.8% in patients
receiving less than 12 months of carboplatin treatment, and
56.5% in patients with a carboplatin treatment interval of
more than 12 months [28]. The incidence rate of severe
allergies also increases with longer treatment interval times.
Gadducci et al. assessed 69 cases of allergic reactions in
patients receiving carboplatin due to recurrent ovarian can-
cer, and the time interval in 15 cases (21.7%) was more than
2 years, which was regarded as the main factor for predict-
ing the occurrence of allergic reactions [29]. Among the
30 carboplatin-allergic patients with cancer recurrence, the
platinum treatment interval in 93.3% patients was longer
than 1 year, and longer than 2 years in 46.7% patients. There-
fore treatment intervals greater than 1 and 2 years before the
second usage of platinum-based therapy were set as thresh-
olds for the risk score.

In addition, we also found that the 2nd and 3rd courses of
chemotherapy after recurrence were the high-risk period for
platinum allergy, accounting for 70.3% of recurrent patients,
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and that the incidence rate during the second course was
higher than the third. Among the platinum allergic reactions
in patients receiving carboplatin due to recurrent ovarian
cancer reported by Gadducci et al., 86.7% of the allergic
reactions occurred during the second course of chemother-
apy, which was consistent with the report by Markman et al.
[2, 29]. Therefore, the 2nd and 3rd courses of platinum reuse
were set as risk factors.

Follow-up treatment after platinum allergic
reactions

Platinum is the main treatment option for all three major
gynecological malignant tumors. Thus, follow-up treat-
ments for patients with platinum allergy are a challenge for
clinicians. Desensitization therapy with dilution method
to extend the drug infusion times after carboplatin allergic
reaction has been reported in several clinical studies. Lee
et al. utilized a 6-h 12-step desensitization scheme in 10
cases of carboplatin-allergic patients, with 35 courses of car-
boplatin desensitization treatment successfully completed
including 31 treatment courses without adverse reaction
[30]. Confino-Cohen et al. also reported a safe and effective
6-h desensitization treatment method in carboplatin-allergic
cancer patients [31]. Choi et al. demonstrated that the effec-
tiveness of carboplatin desensitization treatment is associ-
ated with treatment duration [32]. In this study, among the
12 cases of carboplatin-allergic patients, 3 cases received
carboplatin desensitization therapy, which was successful
in 2 cases. One failure and the other 9 cases of carboplatin
allergy, and one of each of cisplatin and nedaplatin allergy
were subjected to desensitization by oxaliplatin, among
which 8 cases were well tolerated and completed the follow-
up treatment;, the other 4 cases were switched to a non-
platinum-based regimen for follow-up treatment.
Although there were no cross-resistance reactions
between oxaliplatin and carboplatin, there were cross-aller-
gic reactions between oxaliplatin and carboplatin. However,
in recent years, many researchers have tried oxaliplatin
desensitization treatment in carboplatin-intolerant patients
and succeeded. For example, Rose et al. retrospectively
analyzed 281 patients receiving carboplatin chemotherapy,
including 28 cases of carboplatin allergy (10%), which were
then subjected to carboplatin desensitization therapy [33].
Among the 28 cases, 9 (29%) were switched to oxaliplatin
desensitization due to intolerance of carboplatin desensiti-
zation, all of whom were able to tolerate oxaliplatin desen-
sitization. Kolomeyevskaya et al. analyzed 46 patients with
carboplatin allergy, among which 27 cases were given oxali-
platin treatment, and 19 were treated with cisplatin [34].
They concluded that oxaliplatin demonstrated better toler-
ance and longer effective time after carboplatin allergy. This
begs the question, why do platinum-allergic patients have

better tolerance to oxaliplatin desensitization? The mecha-
nism of platinum allergy is not clear, but most believe that
itis a kind of type I allergic disease. The allergy specialists
Caiado et al. evaluated the sensitivity and specificity of car-
boplatin-, cisplatin- and oxaliplatin-specific IgE (sIgE), and
the results showed that carboplatin sIgE has a high specific-
ity but lower sensitivity [35]. On the contrary, oxaliplatin
sIgE demonstrated relatively high sensitivity and low speci-
ficity. The data analysis showed that exposure to oxaliplatin
is more prone to immunogenicity, and thus most patients
with carboplatin allergy can tolerate oxaliplatin. On the con-
trary, oxaliplatin allergic patients may produce more severe
allergic reactions when exposed to cisplatin or carboplatin.
Therefore, patients with failed oxaliplatin desensitization
should be switched to non-platinum-based chemotherapies.

Strategies for preventing platinum allergy based
on risk scoring

Clinicians now face more and more platinum allergies.
Many researchers have tried to identify people with high
risk of platinum allergy to prevent its occurrence. Gomez
et al. analyzed carboplatin skin test results of 54 of patients
treated with carboplatin chemotherapy, including 7 with
positive results who were given carboplatin desensitization
therapy, but allergy still occurred in 3 cases; among the
47 patients with negative skin test results, 4 demonstrated
carboplatin allergy, yielding a false-negative rate of 8.5%
[36]. The calculated results of carboplatin allergic skin
test demonstrated a carboplatin allergy prediction sensitiv-
ity of only 64%, with a negative predictive value of 91%;
while the specificity and the positive predictive value of
both were 100%. These results demonstrate that a negative
skin test is not absolutely reliable in predicting carbopl-
atin allergic reactions. Moreover, the study by Hesterberg
et al. showed that the carboplatin skin test results might
be associated with the timing of tests [37]. Patients with
no recent history of carboplatin allergy were still in the
high-risk population of carboplatin allergy despite nega-
tive skin test results and demonstrated a high possibility of
severe allergic reactions. We evaluated 45 cases of plati-
num allergy from our hospital and established a scoring
standard based on high-risk factors of platinum allergy,
along with an analysis of clinical symptoms. The results
showed that there was no severe allergic reaction observed
in low-risk patients, 15% of moderate-risk patients and
67% of high-risk patients developed severe allergic reac-
tions. We propose that a routine risk score should be
assigned to patients who will be treated with platinum,
with prevention taken according to the proposed scoring
system, which is likely to be more specific than skin tests.
The probability of severe allergic reactions in low-risk
patients is low, which can be handled by patient education.
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For moderate-risk patients, in addition to patient educa-
tion, platinum should be administrated slowly at the begin-
ning while monitoring blood pressure, oxygen saturation,
and pulse, as well as observation in the first 30 min with
standby rescue measures. Routine skin tests should be
conducted in high-risk patients. Since patients with nega-
tive results may still develop allergic reactions, platinum
should be administrated slowly at the beginning, as well as
observation closely. Patients with positive results should
be subjected to a carboplatin desensitization program, if
failed, it is recommended to switch to oxaliplatin desen-
sitization program. From August 2016 to March 2017, we
performed a total of 344 carboplatin chemotherapy; there
were 234 episodes of low-risk patients, 108 episodes of
moderate-risk patients, 2 episodes of high-risk patients.
According to the degree of risk to take prevention, no
patients developed severe allergic reactions. The value
and significance of this classification should be verified
by a larger study in the future. In addition, Iwamoto et al.
examined CD203C basophilic cells and mean fluorescence
intensity in 30 cases of gynecological tumor patients
receiving carboplatin therapy [38]. The test results were
analyzed along with the clinical symptoms of patients, and
the results demonstrated that patients with allergic reac-
tions had relatively high CD203C basophilic cell rate and/
or elevated average fluorescence intensity, with particu-
larly high expression level in patients with grade 4 allergic
reactions, indicating that basophil CD203C cells may be a
biomarker for severe carboplatin allergic reactions.

In conclusion, patients receiving more than 8 courses of
carboplatin or a cumulative dose of more than 3500 mg are
in the high-risk population for platinum allergy. Second,
the 2nd and 3rd courses of platinum re-use with intervals
longer than 1 year are the high incidence periods of platinum
allergies. Third, patients with moderate or low risk of plati-
num allergy, patient education and close monitoring during
medication is recommended to prevent platinum allergy; for
high-risk patients, routine carboplatin skin testing is rec-
ommended, followed by a carboplatin desensitization pro-
gram in patients with positive skin test results, patients with
negative skin test results may still develop allergic reactions,
platinum should be administrated slowly at the beginning, as
well as observation closely. Fourth, once carboplatin allergy
occurs, carboplatin or oxaliplatin desensitization therapy can
be employed for those with minor symptoms. Desensitiza-
tion with carboplatin is not recommended for patients with
more severe allergic reactions against carboplatin, while
oxaliplatin desensitization could be considered. If oxalipl-
atin desensitization cannot be tolerated, continuous treat-
ment with non-platinum drugs is recommended.
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