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A B S T R A C T

Contrast-enhanced computed tomography (CECT) is an indispensable tool in the management of cancer patients. However, this procedure can be complicated by the
development of acute adverse reactions (ARs) to iodinated contrast media (ICM). On the basis of the hypothesis that cancer immunotherapy, in particular with
immune checkpoint inhibitors, increases the incidence of allergic-like immediate ARs to ICM with respect to “standard” cancer chemotherapy/targeted therapy
(CHT) we retrospectively evaluated the incidence of CECT-related immediate ARs in cancer patients undergoing cancer treatments. All patients who underwent at
least one CECT scan after starting any cancer treatment between 2006 and 2014 were included in a mono-institutional radiological database. The staff of the
Radiology Unit recorded any ARs that occurred within 30min of the ICM injection and classified them as “allergic-like” or “physiologic” and graded as mild,
moderate, or severe according to the American College of Radiology (ACR) Manual on Contrast Media, version 10.1. Fifty-nine of the 3,521 patients included in the
database received ipilimumab (Ipi), 75 received cytokines (Cys), and the remaining 3,387 received non-immunologic agents (CHT). Overall, 71 (2%) patients
suffered ICM-related ARs. The incidence of ICM-related ARs was higher in Ipi- and Cy-treated patients than in those who received CHT (12%, 5%, and 2%,
respectively). Our data show that immunological cancer treatments, particularly Ipi, considerably increase the proportion of patients suffering CECT-related im-
mediate ARs with respect to non-immunologic agents. Although these findings need to be validated in larger prospective studies, they serve as a “wake-up call” for
radiologists to closely monitor patients who have previously received cancer immunotherapy with anti-cytotoxic T-lymphocyte antigen-4 antibodies when using ICM
in order to reduce the risk of potentially severe immediate ARs.

Introduction

Contrast-enhanced computed tomography (CECT), an indispensable
tool in the management of cancer patients to evaluate the response to
treatment, can be complicated by the development of acute adverse
reactions (ARs) to iodinated contrast media (ICM) [1], however low-
osmolar contrast media has reduced the incidence of acute ICM-related
ARs to 0.2–0.7% [2–4]. The American College of Radiology (ACR)
classifies ICM-related ARs as allergic-like (e.g., urticaria, erythema, and
bronchospasm) and physiologic (e.g., nausea, vomiting, and hyperten-
sion) reactions [5]. Allergic-like reactions are probably independent of
the dose and concentration and induced by alteration of the immune
system balance. Conversely, physiologic reactions are frequently dose
and concentration-dependent [6,7].

The immune system protects the host from exogenous pathogens by
distinguishing “self” from “non-self” using stimulatory and inhibitory

components. The cell surface molecule cytotoxic T-lymphocyte antigen
4 (CTLA-4) limits the body's response to autoantigens, helps to diversify
the T-cell populations, and limits the severity of autoimmunity [8].
Ipilimumab (Ipi), a humanized immunoglobulin G1 monoclonal anti-
body that recognizes and blocks CTLA-4, is approved for the treatment
of metastatic melanoma [9].

Hypothesis

Ipi is associated with adverse events resulting from drug-induced
weakening of self-tolerance mechanisms and consequent autoimmune
toxicity [10]. CTLA-4 blockade also emphasize the humoral response to
allergens and may increase hypersensitivity reactions [11] like the ICM-
related allergic-like ones. On the basis of a previous study [12] we
designed a retrospective study to evaluate the occurrence of immediate
reactions to ICM used for CECT in cancer patients treated with CTLA-4-
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blocking antibodies and other therapies. We collected information on
all CECT- related ARs from 2006 to 2014 in patients treated with Ipi,
cytokines (Cys), or chemotherapy/targeted therapy (CHT).

Materials and methods: evaluation of the hypothesis

Using an institutional radiological database, we identified all con-
secutive cancer patients who underwent at least one CECT scan after
starting any medical cancer treatment at our institute between January
1, 2006, and December 31, 2014. All were outpatients with a perfor-
mance status of 0–1 on the Eastern Cooperative Oncology Group scale.
The following data were extracted for each patient: personal ID (tax
code), gender, date of birth, date of CT scans, type of ICM injected, and
the number of CECT scans performed in the 2 years prior to the first
index CECT scan. The index CECT scan was defined as the first CECT
scan performed after the first treatment cycle during the time period
considered. All CT scans were performed using a 256-slice CT scanner.
The low-osmolar ICM employed at our institution during the study
period was predominantly (80%) iomeprol [12,13].

The staff of the Radiology Unit recorded any ARs that occurred
within 30min of the ICM injection and classified them as “allergic-like”
or “physiologic” and graded as mild, moderate, or severe according to
the ACR Manual on Contrast Media, version 10.1. We used the patient’s
tax code to link the clinical database to the radiological database.

Descriptive statistics were reported as frequencies and percentages
for categorical variables and as means ± standard deviation for con-
tinuous variables. For each therapeutic regimen, the frequency of pa-
tients who experienced CETC-related ARs was computed. The associa-
tion between categorical variables was assessed by the Pearson’s Chi-
squared test or the Fisher’s exact test. The association between con-
tinuous variables was assessed by the Student’s t-test or the F-test. A
two-sided P value < 0.05 was deemed statistically significant in all
analyses. The Bonferroni correction was used for the ANOVA post-hoc
comparison. All statistical analyses were carried out using STATA 10.1
statistical software.

Results

The final database included 3,521 patients who underwent first- or
second-line systemic treatment for metastatic disease and were re-
evaluated by CECT at the end of treatment (Fig. 1). Of these, 59 re-
ceived Ipi, 75 received Cys (low-dose interferon-alfa and/or inter-
leukin-2), and the remaining 3,387 received CHT. Patient Character-
istics are reported in Table 1.

The mean number of CT scans performed before the index CT scan
did not significantly differ between the groups (p=0.190). Seventy-
one (2.01%) patients in the whole series exhibited acute ICM-related
ARs during the study period. The median number of days elapsed be-
tween the end of treatment and the CT scan during which ARs were
noted was 83 (range 8–898 days) in the Ipi group, 14.5 (range
2–333 days) in the Cy group, and 22 (range 2–962 days) in the CHT
group. The incidence of ARs significantly (p < 0.001) differed between
the treatment groups; the percentage of patients who experienced mild-

to-severe ICM-related ARs was 12% in the Ipi group (7/59), 5% in the
Cy group (4/75), and 2% in the CHT group (60/3,387) (Table 2). Of the
59 patients treated with Ipi, 13 (22%) had previously received Cy-
containing therapy. No patient who received Cys had previously been
treated with Ipi, and no patient who received CHT had previously been
treated with Cys or Ipi.

All the ARs observed in the Ipi and Cy groups were of the allergic-
like type, while 10% of the ARs observed in the CHT group were of the
physiologic type (6/60) (Table 3). All seven Ipi-treated patients who
experienced ICM-related ARs had advanced melanoma, with more than
one site of metastasis and none of these patients had known allergies to
other substances or drugs. Two patients experienced a severe reaction
to the ICM, two experienced a moderate reaction, and three experi-
enced a mild reaction. The percentage of melanoma patients who ex-
perienced ICM-related ARs was significantly higher among those
treated with Ipi than among those who received other therapies (7/48
vs. 3/133, p= 0.004). This excludes the possibility that melanoma
patients had a higher risk of suffering ICM-related ARs.

Discussion

The introduction of Ipi into clinical practice has dramatically
changed the natural history of advanced melanoma [9–14]. The effects
of CTLA-4 blockade include increased production of “allergic” Cys and
increased level of immunoglobulin E. Given that allergic-like reactions
to ICM are partially immune-mediated, we wondered if they might be
intensified by cancer treatments that alter the immune system balance.
We thus decided to retrospectively investigate whether patients pre-
viously treated with Ipi had a higher incidence of allergic-like reactions
to ICM than those who received other treatments. Our findings strongly
support this hypothesis. In fact, patients treated with Ipi had a 5-fold
higher risk of suffering immediate ARs to ICM than patients who re-
ceived CHT. Moreover, all reactions observed in Ipi patients were of the
allergic-like type. Patients treated with Cy-containing regimens also
had an increased risk of suffering ARs, albeit lower than that observed
for Ipi-treated patients, which lends further weight to the theory that
immunological mechanisms are involved in the pathogenesis of im-
mediate reactions to ICM.

Conclusions

Our findings need to be validated in a larger population but they
alert oncologists about “new” Ipi-induced irAEs and forewarn radi-
ologists of the need to carefully monitor patients who have been pre-
viously treated with anti-CTLA-4 antibodies when using ICM. Given the
rapid clinical development of new immunomodulatory antibodies to
treat a wide range of tumors, our study also highlights the need for
further investigations aimed at addressing ARs in patients with different
types of tumors.
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Fig. 1. The number of CECT scans performed was
extracted from the database and refers to cancer
patients who underwent at least one CECT scan and
who completed at least one cycle of therapy be-
tween January, 2006, and December, 2014. Only
patients receiving first- or second-line treatment for
advanced disease were included in the database.
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Table 1
Patient Characteristics According to the Therapy Group.

Therapy groups All
No.= 3,521

P value

Ipi
No.= 59

Cys
No.= 75

CHT
No.= 3,387

Gender, No. (%)
Female 18 (30.5) 31 (41.3) 1,644 (48.5) 1,693 (48.1) 0.011
Male 41 (69.5) 44 (58.7) 1,743 (51.5) 1,828 (51.9)

Mean age in years at start of therapy ± SD 59.8 ± 12.3 57.3 ± 13.0 63.8 ± 12.7 65.6 ± 12.7 <0.001

Type of diagnosis, No. (%)
Melanoma 48 (81.4) 59 (78.7) 74 (2.2) 181 (5.1) < 0.001
Hematologic tumors 0 (0.0) 1 (1.3) 439 (13.0) 440 (12.5)
Solid tumors 11 (18.6) 15 (20.0) 2,874 (84.8) 2,900 (82.4)

CHT= chemotherapy/targeted therapy, Cys= cytokines, Ipi= ipilimumab, SD= standard deviation.

Table 2
ARs to Treatment.

Patients who suffered an AR
(No.= 71)
No. (%)

Patients who did not suffer an AR
(No.= 3,450)
No. (%)

P value Number of CECT scans performed before the AR
Mean ± SD [minimum–maximum]

Gender, No. (%)
Female 36 (50.7) 1,657 (48.0) 0.655
Male 35 (49.3) 1,793 (52.0)

Mean age in years at start of therapy ± SD 59.0 ± 1.3 63.7 ± 0.22 0.002

Treatment groups, No. (%)
Ipi (No.= 59) 7 (11.8%) 52 (88.1%) 6.4 ± 4.5 [1–13]
Cys (No.= 75) 4 (5.3%) 71 (94.7%) < 0.001 4.3 ± 2.2 [1–6]
CHT (No.= 3,387) 60 (1.8%) 3,327 (98.2%) 4.1 ± 3.1 [1–15]

Diagnosis, No. (%)
Melanoma 10 (14.1) 171 (5.0)
Hematologic tumors 2 (2.8) 438 (12.7) < 0.001
Solid tumors 59 (83.1) 2,841 (82.3)

AR=adverse reaction, CECT= contrast-enhanced computed tomography, CHT= chemotherapy/targeted therapy, Cys= cytokines, Ipi= ipilimumab,
SD= standard deviation.

Table 3
Classification of CECT-related ARs According to the American College of
Radiology Manual on Contrast Media.*

Allergic-like Physiologic

Mild Moderate Severe Mild Moderate Severe

Ipi (N=7) 3 2 2 0 0 0
Cys (N=4) 2 2 0 0 0 0
CNT (N=60) 45 8 1 5 1 0

AR=adverse reaction, CECT= contrast-enhanced computed tomography,
CHT= chemotherapy/targeted therapy, Cys= cytokines, Ipi= ipilimumab.
* Version 10.1.
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