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ABSTRACT

Background. The impact of cytotoxic agents on the
risk of acute allergy-like adverse reactions (ARs) to in-
travenous iodinated contrast media (ICM) injections is
unknown.
Methods.We retrospectively reviewed 13,565 computed
tomography (CT) scans performed in a consecutive cohort of
cancer patients from January 1, 2010 to December 31, 2012.
Episodes of acute ICM-related ARs were reported to the
pharmacovigilance officer. The following matched comparisons
were made: tax code, gender, primary tumor, antineoplastic
therapy, and date of last cycle. Concomitant antineoplastic
treatment was classified into five groups: platinum, taxane,
platinum plus taxane, other, and no treatment group (no
therapy had been administered in the previous 24 months).
Logistic regression was used to estimate odds ratio (OR) and

95% confidence interval (CI) to evaluate the risk of acute
ICM-related ARs.
Results. Of 10,472 contrast-enhanced CTscans, 97 (0.93%; 95%
CI:0.74–1.11) ICM-relatedARswerereported,11ofwhich(0.1%)
were severe, including one fatality. The overall incidence was
significantlyhigher inpatients aged,65years (p5 .0062) and in
the platinumplus taxane and taxane groups (p5 .007),whereas
no correlation was found with gender, number of previous CT
scans, site of disease, or treatment setting.Multivariate analysis
confirmed an increased risk for patients aged ,65 years (OR:
1.73;95%CI:1.14–2.63)andforthe taxanegroup(incomparison
with the no treatment group; OR: 2.06; 95% CI: 1.02–4.16).
Conclusion. Among cancer patients, concomitant treatment
with taxanes andyoungeragewould seemtobe risk factors for
ICM-related ARs. The Oncologist 2014;19:823–828

Implications for Practice: Cancer patients undergo routine computed tomography (CT) scans and iodinated contrastmedia (ICM)
administration to assess the extent ofdisease and treatment response. Acute allergy-like adverse reactions (ARs) are awell-known
complication of ICM injections. No data exist about the true incidence of ICM-related ARs in cancer patients. We describe the
incidenceand impactofcytotoxicagentsontheriskofacute ICM-relatedARs inaconsecutivecohortofcancerpatients.Weshowed
that ICM-relatedARsare rare in cancer patients,with incidence similar to thegeneral population.Taxanesandage,65years seem
to be risk factors for ARs.

INTRODUCTION

Acute allergy-like adverse reactions (ARs) are a well-known
complication of intravenous iodinated contrast media (ICM)
injections and range from mild symptoms such as urticaria
and itching to more severe reactions such as cardiopulmonary
arrest and death. Acute ARs of high-osmolar contrast media
have been reported among 12.7% of patients [1]. With the
widespreaduseof low-osmolarcontrastmedia,the incidenceof
likely acute ICM-relatedARshasdecreased to0.2%–0.7% [2–4].
Theseare likely tooccur independentofdoseandconcentration
above a certain unknown threshold [5]. Serious acute reactions
to ICMare rare,withahistorical rateofapproximately0.04%[1]
and a fatality rate of 0.9 per 100,000 ICM injections [6, 7].

Acute ARs to ICMmanifest in a similar way to true allergic
reactions seen with other drugs and allergens but, because
an antigen-antibody response seldom can be identified, the
pathogenesis of most allergy-like reactions remains unclear.
It is believed that some ICM-related ARs may involve ac-
tivation, deactivation, or inhibition of a variety of vasoactive
substances or mediators (e.g., histamine, complement, and
the kinin system) [5, 8, 9].

Cancer patients undergo routine computed tomography
(CT) scans and, therefore, ICM administration to assess
the extent of disease (staging) and response to treatment.
Moreover, nearly all systemic agents used in cancer treatment
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today are associated with possible hypersensitivity reactions
[10]. These reactions range in severity from mild flushing and
itching to anaphylaxis and, in some rare cases, death. Although
severe reactions are rare, mild to moderate hypersensitivity
reactions occur frequently with many commonly used systemic
cancertherapies, includingplatinumcompounds[11]andtaxanes
[12]. One important difference among these agents is the time
of onset of symptoms. Hypersensitivity to platinum compounds
typically develops after multiple cycles of therapy, suggesting an
acquired, anaphylactic reaction consistent with type 1 hypersen-
sitivity [13]. Incontrast, reactionsto taxanesare immediate,often
occurring within the first few minutes of the first infusion,
suggesting that they may occur by alternative mechanisms [14].

To the best of our knowledge, no data exist about the
true incidence of ICM-related ARs in cancer patients. This
population could be at higher risk than the general population
because of the number of examinations routinely performed
due to treatment response assessment and follow-up, as stated
in several international guidelines (e.g., National Compre-
hensive Cancer Network guidelines). In our study, we sought
primarily to determine the frequency of this event in
a consecutive cohort of cancer patients. In addition, because
ICM-related ARs are frequently sporadic and unpredictable,
and platinum compounds and taxanes used in cancer
treatment are often associated with hypersensitivity reac-
tions (albeit through different mechanisms), we aimed to
evaluate whether cytotoxic agents may increase the risk of
ICM-related ARs. This information would also be of interest
in determining the risk-benefit ratio in relation to the time
scheduled for the re-evaluation of the disease.

PATIENTS AND METHODS

Patient Population
Using an institutional radiological database (Elefante, Agfa),
we identified all consecutive CT scans with ICM performed at
the Istituto Scientifico Romagnolo per lo Studio e la Cura dei
Tumori (IRST) IRCCS (Meldola, Italy), from January 1, 2010, to
December 31, 2012. Only one CT examination per person per
daywasevaluated toavoid, forexample,aCTscanof the thorax
and abdomen being counted as two examinations rather than
one. The hospital, which is an institute for cancer research

and treatment, works only with adult cancer patients. The
following data were extracted for each patient: tax code, date
of the CT scan, ICM injection, and identification code of
Elefante. From this database, we also obtained the number of
previous CT scans in the 2 years preceding the date of the last
examination.

This patient cohortwas linkedwith an institutionalmedical
records database (Log80) using the tax code as the common
key. For each patient, we extracted the following data from
Log80: tax code, birth date, gender, primary tumor, date of
diagnosis, antineoplastic therapy, type and setting of antineo-
plastic therapy (adjuvant/neoadjuvant or advanced), start and
enddates of the treatment, anddateof the last cycle. All of the
therapies administered in the24monthsbefore thedateof the
CTscanwereanalyzed.This studywas approvedby themedical
scientific committee of IRST IRCCS.

CT Scanning and ICM Administration
All CT scans, most predominantly of the thorax and abdomen,
were performed using a 256-slice CT scanner (Brilliance iCT;
PhilipsHealthcare, Amsterdam,TheNetherlands, http://www.
philips.com). Written informed consent for the use of ICM
was obtained from all patients. Patients fasted for at least
6 hours before the examination and were encouraged to
drink abundantly in the 24 hours before examination, unless
contraindicated.

In the preparation room, the anesthesiologist checked the
signed informed consent form and the presence of any
contraindication to the ICM injection. Thereafter, 80–150 mL
ICM externally warmed to 37°C was infused into the cubital
veinat2–5mL/secondusingadual-barrelpower injectorviaan
i.v. catheter, followed by 20–30mL of washing saline solution.
Two main low-osmolar ICMs were used at our institution
during the study period, predominantly (80%) iomeprol
(Iomeron; Bracco Imaging Italia s.r.l., Milan, Italy, http://
www.braccoimaging.com; 300–400 mg/mL) and less fre-
quently (20%) iobitridol (Xenetix Guerbet S.p.A., Genoa, Italy,
http://www.guerbet.com; 300–400 mgI/mL). All ICM injec-
tionsweremonitored by anesthesiologists, and all radiologists
were certified in basic life support.

With regard to acute allergy-like ARs, our institution has
existing protocols that suggest pretreatment of patients with

Figure 1. Flow diagram of this study.
Abbreviations: CT, computed tomography; ICM, iodinated contrast media.
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any history of severe bronchospasm, severe laryngeal edema,
angioedema, unresponsiveness, seizure activity, cardiac arrhyth-
mias, or cardiopulmonary arrest following the administration
of at least one drug or a history of allergies to more than one
drug or reported AR to ICM. After a severe AR, patients were
recommended toundergoanother formof imaging,whenever
possible. Premedication includes either prednisone (50 mg)
by mouth every 6 hours starting 18 hours before the CT
examination or methylprednisolone (32 mg) by mouth 12
hours before the CT examination plus ranitidine (150 mg)
orally the evening before, followed by i.v. administration of
dexamethasone (4 mg) plus chlorphenamine (10 mg) and
ranitidine (100 mg), and hydration immediately before ICM
administration.

OutcomeMeasures
The attending CT radiologist and anesthesiologist recorded
any ARs that they observed or that patients described during
or 1 hour after ICM injection. These ARs were then sub-
sequently recorded by the hospital pharmacist (C.D.L.), who
was responsible for pharmacovigilance. From these reports,
each AR was entered into an electronic database with the tax
code, the date of the CT scan, and a description of the AR.

Weclassified theseverityof the ICM-relatedARaccording
to guidelines from the American College of Radiology
Manual on Contrast Media, version 9.0 [15], as mild (nausea,
vomiting, hitching), moderate (severe vomiting, diffuse rash,
bronchospasm, facial or laryngeal edema, vasovagal reaction),
or severe (shock, acute respiratory or heart failure, seizures).

CT scans performed after an AR were excluded from the
analysis.

Statistical Analysis
Time to CT evaluationwas calculated as the time elapsed from
the date of the CTscan and the date of the last chemotherapy
administration and was classified into four groups (0–30 days,
31–90 days, 91–180 days, and$180 days). The antineoplastic
treatment was classified into five groups: “platinum,” in the
case of a platinum-based regimen (oxaliplatin, carboplatin, or
cisplatin); “taxane,” in the case of a taxane-based regimen
(either docetaxel or paclitaxel); “platinum plus taxane,” if the
chemotherapy included both drugs; “other” (any chemother-
apy without platinum or taxane); and “no treatment,” if no
therapy was administered in the 24 months preceding the
CT scan.

The distribution of patients and tumor characteristics
were summarized by means of descriptive statistics. The
incidence of AR between potential risk factors was evaluated
using chi-square tests, whereas adverse reaction severity was
evaluated on the basis of patient age using Fisher’s exact test.
The multivariable logistic regression model was used to
estimate the adjusted odds ratio (OR) and 95% confidence
interval (CI) foreachpotential risk factor, includinggender, age,
tumor site, antineoplastic treatment, and number of previous
CT scans. Logistic regression was fitted using the generalized
estimating equations approach and the exchangeable corre-
lation matrix to account for potential within-patient homoge-
neity of the outcome.

Time to CT evaluation and treatment setting were limited
to evaluation in univariate analysis because they were
calculated only for patients who had been treated in the

Table 1. Baseline demographic and tumor characteristics of

the patients

Characteristic Result (n5 3,804)

Age, years

Mean6 SD 63.96 13.01

Median (range) 65.9 (18–96)

,65 years, n (%) 1,791 (47.1)

$65 years, n (%) 2,031 (52.9)

Gender, n (%)

Male 1,909 (50.2)

Female 1,895 (49.8)

Tumor site, n (%)

Gastrointestinal 978 (25.7)

Urogynecological 715 (18.8)

Breast 618 (16.3)

Lung 562 (14.8)

Hematological 412 (10.8)

Others 344 (9.0)

Melanoma 175 (4.6)

Treatment group, n (%)

No treatment 1,934 (50.8)

Platinum 733 (19.3)

Taxane 181 (4.8)

Platinum and taxane 114 (3.0)

Other 842 (22.1)

Table 2. Patient characteristics of the ICM-related ARs

Patients who experienced AR Results (n5 97)

Age, years

Mean6 SD 59.926 12.90

Median (range) 62.1 (19–84)

,65 years, n (%) 59 (60.82)

$65 years, n (%) 38 (39.18)

Gender, n (%)

Male 41 (42.27)

Female 56 (57.73)

Previous contrast-enhanced CT scans, n (%)

None 37 (38.14)

1–2 29 (29.90)

3–4 18 (18.56)

.4 13 (13.40)

Premedication, n (%)

Yes 15 (15.5)

No 82 (84.5)

Type of ICM, n (%)

Iomoprol 79 (81.4)

Iobitridol 18 (18.6)

Abbreviations: AR, adverse reaction; CT, computed tomography; ICM,
iodinated contrast media.
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24 months before the CT scan. Statistical analyses were
performed with SAS version 9.3 (SAS Institute, Inc., Cary, NC,
http://www.sas.com).

RESULTS

Total Patient Population
Duringthestudytimeperiod,13,565CTscanswereperformed,
of which 10,472 CT scans were eligible for further evaluation
(Fig. 1). The contrast-enhanced CT scans were performed in
3,804 cancer patients with a median age of 65.9 years (range:
18–96 years). Patients’ principal baseline characteristics are
listed in Table 1.Themediannumberof CTscans for the sample
of cancer patients was 2 (range: 1–24).

Ninety-seven acute ICM-related ARs (0.93%; 95% CI:
0.74–1.11), one per patient (Table 2), were reported.
Twenty-two ARs (0.21%) were classified as mild, 64 (0.61%)
weremoderate, and11 (0.11%)were severe.The latterhad the
following clinical patterns: shock in seven patients (0.067%),
angioedema in three patients (0.029%), and death in one
patient (0.010%). Each case was immediately handled by the

attending anesthesiologist and treated with i.v. hydration,
diphenhydramine, steroids, oxygen when indicated, and epi-
nephrine in two cases. One case was transferred promptly
to the emergency department.

The casualty concerned a female breast cancer outpatient
in treatmentwith capecitabinewhowas scheduled for routine
re-evaluation of the disease. Six contrast-enhanced CT scans
were performed in the 2 years preceding the fatality, and the
patient never presented symptoms of acute ARs. The final
time, 7 minutes after ICM administration, she developed
shortness of breath and cyanosis with bronchospasm and
subsequent loss of consciousness. The anesthesiologist and
cardiologist were promptly called and immediately adminis-
tered i.v. hydration, steroids (1,000mg of hydrocortisone) and
1 mg i.v. injections of epinephrine in refracted doses. Despite
this, the patient developed a cardiopulmonary arrest. Cardiac
massage and oxygen by face mask were performed. Electro-
cardiogram showed complete atrioventricular block with QRS
complex enlargement. Intravenous epinephrine was adminis-
tered again, unsuccessfully, so the patient was intubated;
however, after another 35 minutes of advanced resuscitation,
the patient died.

Risk Factors of ICM-Related ARs
The overall incidence of acute ARs was significantly higher in
those aged 64 or younger compared with those aged 65 or
older (1.20%[95%CI:0.89–1.50]vs.0.69%[95%CI:0.47–0.90];
p5 .006). No significant differences were seen with regard to
the severity of the ICM-related ARs and the age of patients:
there were seven severe ARs (63.4%) in the younger group
versus four (36.4%) in the older population and 52 mild
to moderate ARs (60.5%) in those aged,65 years compared
with 34 (39.5%) in those aged $65 years (p 5 1.000). In
comparison with the various treatment groups, the incidence
of acuteARswas significantly higher (p5 .007) in the platinum
plus taxane and taxane groups than in the other groups.
Conversely, no statistically significant relationship was found
between the incidence of acute ICM-related ARs and gender,
the number of previous contrast-enhanced CT scans, the time
to CT evaluation, the site of disease, or the treatment setting
(Table 3).

As shown in Figure 2, multivariate analysis confirmed
a higher riskof ARs for patients aged,65 years (OR: 1.73; 95%
CI: 1.14–2.63) and for patients in the taxane group compared
with the no treatment group (OR: 2.06; 95% CI: 1.02–4.163).
Moreover, an increased risk for patients at their first CT scan
was seen compared with patients that had undergone six or
more contrast-enhanced CTscans in the previous 2 years (OR:
2.36; 95% CI: 1.17–4.77).

DISCUSSION

A large number of radiological examinations, mainly contrast-
enhanced CT scans, are conducted worldwide each year,
especially in cancer patients. In fact, cancer mortality in
Western countries has steadily declined since the late 1980s
[16], resulting in the need formore prolonged patient follow-
up. This situation, in association with the need for more
appropriate drug prescriptions to decrease the costs of new
drugs that do not always have a clear correlation with actual
efficacy [17], has resulted in the need for more radiological

Table 3. Univariate analysis of ICM-related ARs by possible

risk factors

Variable
ICM-related ARs
(n5 97), n (%)

No ICM-related ARs
(n5 11,071) n (%) p

Treatment
group

.0067

No
treatment

29 (1.01) 2,843 (98.99)

Platinum 13 (0.50) 2,585 (99.50)

Taxane 15 (1.60) 922 (98.40)

Platinum
plus taxane

8 (1.86) 421 (98.14)

Other 32 (0.88) 3,604 (99.12)

Treatment
setting

.8305

Adjuvant or
neoadjuvant

10 (0.98) 1,007 (99.02)

Advanced 58 (0.89) 6,493 (99.11)

No
treatment

29 (1.01) 2,843 (98.99)

Missing 32

No. of previous
CT scans

.1588

None 37 (1.24) 2,947 (98.76)

1–2 29 (0.84) 3,421 (99.16)

3–4 18 (0.88) 2,019 (99.12)

.4 13 (0.65) 1,988 (99.35)

Time to CT,
days

.2896

0–30 40 (1.01) 3,905 (98.99)

31–90 13 (1.22) 1,051 (98.78)

91–180 5 (0.55) 899 (99.45)

$181 10 (0.59) 1,677 (99.41)

No treatment 29 (1.01) 2,843 (98.99)

Abbreviations: AR, adverse reaction; CT, computed tomography; ICM,
iodinated contrast media.
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examinations and, consequently, the risk of ICM-related ARs.
In this study, acute ARs occurred in 0.93% of the examina-
tions, with 0.1% considered severe, an incidence similar to
that of the general population [2–4, 18]. It is not possible to
compare the ICM-relatedmortality in our study (0.95 fatality
per 10,000 ICM administrations) with that reported in the
general population because an insufficient number of CT
scans were analyzed.

Although it is clear that certain patients are at increased
riskofexperiencing ICM-relatedARs, contrast reactions remain
sporadic and unpredictable. In the general population, a prior
allergy-like reaction to ICM is the most substantial risk factor
for a recurrent AR [1, 3, 19–21]. In this context, our findings of
the increased risk of acute AR in patients receiving ICM for
the first time may be explained by the fact that patients
subsequently tend to avoid further contrast-enhanced CT
scans, as reported previously by others [18].

The pathogenesis of acute ICM-related ARs is unclear.
Multiple mechanisms have been proposed, although allergic
hypersensitivity is considered to be a frequently involved
pathomechanism [8]. In fact, ICMs are known to directly cause
histamine release from basophils and mast cells [22], possibly
because they activate mast cells by bridging adjacent IgE
moleculesviaattachmentto their Fcsegments.Otherpotentially
involved mechanisms include activation of the complement
and contact systems [23, 24].

Similar to ICM-related ARs, some chemotherapy agents,
their metabolites, or vehicles may interact directly with mast
cells and basophils, producing an anaphylactoid response that
is indistinguishable from an IgE-mediated immune response
[10]. Platinum salts (i.e., cisplatin, carboplatin, oxaliplatin)
classicallycausetype1allergy [25].Taxanes(e.g.,paclitaxeland
docetaxel) may induce hypersensitivity that is clinically similar
to a type 1 allergy. Like ICM, taxanes may induce reactions at
first administration [26]; therefore, it can behypothesized that
both drugs act via similar immune-mediated pathways. In this
context, it would be interesting to understand whether the

opposite is also true, namely,whether ICM increases the riskof
taxane-induced hypersensitivity reactions. This is an area we
intend to study in the future.

In our study, although ICM-related ARs were rare in cancer
patients,thegrouptreatedwitha taxane-basedchemotherapy
had a twofold risk of acute ICM-related ARs compared with
the no treatment group. Patients treated with platinum plus
taxanes, however, did not reach a significant OR in the
multivariable regression model, possibly because of the low
number of CTscans analyzed in this group.This result indicates
that radiologists and anesthesiologists need to pay greater
attention toapatient’s cancerhistory, especiallywith regard to
current antineoplastic treatments, to adequately assess (in
association with other known risk factors including age and
prior allergic reactions) the basal riskof the patient developing
an ICM-related AR.

We acknowledge some limitations of our study. In par-
ticular, the study was limited by the retrospective nature of
the collected data. Although it is possible that we may have
missed some minor reactions, which health care providers do
not have a legal obligation to report, anesthesiologists at our
institution were instructed to report any AR to the pharma-
covigilance manager. Moreover, we analyzed only immediate
reactions, namely, those that occur during the contrast agent
injection or a maximum of 1 hour afterward. Although this
definition is the most frequently used in the literature, we do
not have data on delayed reactions because this was not the
purpose of our study. In addition, information about the
routine use of premedication was unavailable, but studies have
thus far indicated that the main ICM-related ARs that benefit
from premedication are minor ones, requiring no or minimal
medical intervention [27]; these are the same thatwe failed to
report. Finally, we used a system for classifying patients into
treatment groups that has intrinsic biases. Despite these
limitations, we believe that some type of classification is
necessary to evaluate the effect of antineoplastic treatment
and the risk of developing ICM-related ARs.

Figure 2. Forest plot of the risk of acute iodinated contrast media-related adverse reactions in cancer patients.
Abbreviations: CI, confidence interval; CT, computed tomography; Gastro, gastrointestinal tumors; Hema, hematological diseases;

Urogyn, urogynecological cancer; y, years.
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CONCLUSION
ICM-related ARs are rare among cancer patients, with an
incidence similar to that found in the general population. The
pathogenesis of these events appears to be secondary to the
direct activation ofmast cells.Taxaneswould seem to be a risk
factor for acute ICM-related ARs, possibly because they exert
their antitumoreffect via similar immune-mediatedpathways.
However, the mechanisms of action that elicit these reactions
have yet to be fully understood.
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