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Cancer represents the second most important cause of death and morbidity in Europe, with more than
3.7 million new cases and 1.9 million deaths reported each year. Computed tomography plays a
fundamental role in the management of oncology patients, and the superior diagnostic value that
contrast-enhanced images offer is frequently critical. It is well recognized that iodinated contrast
media have a cytotoxic effect, and this is felt to be one of the mechanisms responsible for contrast-
induced nephrotoxicity. The study aims to analyze the correlation between administration of iodinated
contrast substance (namely, lohexol) and serum creatinine values 48 hours afterwards in patients with
oncological conditions undergoing chemotherapy, which perform CT examinations (observational
study).

Keywords: CT, contrast media induced nephropathy, chemotherapy

Cancer represents the second most important cause of death and morbidity in Europe, with more than 3.7 million new
cases and 1.9 million deaths reported each year [1].

Patients with cancer usually undergo several imaging examinations that generally require the intravascular
administration of contrast medium (CM) [1].

Computed tomography (CT) plays a fundamental role in the management of oncology patients [2]. In the context of
CT, the superior diagnostic value that contrast-enhanced images offer is frequently critical [3].

The utilization of CT in England has increased dramatically compared to a decade ago; 4.7 million CT scans were
performed between April 2012 and March 2013, compared to the 1.8 million performed between 2002 and 2003 [4].

It is estimated that 80 million computed tomography scans were performed in the United States in 2010, and an annual
increase of 10% is projected [5]. Most procedures are performed with iodinated contrast medium injection. However, as
with any medicine, the use of contrast medium is not entirely risk-free [6].

While CT technology has evolved, the practice of CT intravenous contrast media administration has been continually
debated and updated [7].

Adverse events following intravascular administration of iodinated contrast material occur in 0.02 to 0.04% of patients
[8], and include kidney injury, respiratory or cardiac arrest, convulsions, and loss of consciousness [9, 10, 11]. It is well
recognized that iodinated contrast media have a cytotoxic effect, and this is felt to be one of the mechanisms responsible
for contrast-induced nephrotoxicity [12].

Renal insufficiency has been noted as both contributing to the risk of a post-CM adverse event and as a result thereof
[13-15].

Contrast-induced nephropathy is an acute deterioration of renal function within 48 h following intravascular
administration of contrast medium in the absence of another likely cause [8, 16].
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It has been variably defined as an increase from baseline in serum creatinine values of 25-50% or an absolute increase
of 0.5-1.0 mg/dL above precontrast values within 2 or 3 days of intravascular CM administration in the absence of an
alternative cause [14, 17, 18, 19].

Contrast induced renal failure has an estimated incidence of 8 to 20% of cancer patients who undergo contrast-
enhanced CT [15, 20].

The pathophysiologic mechanism of contrast median nephropathy is not fully understood but likely involves multiple
factors including renal vasoconstriction which leads to renal medullary ischemia, and direct toxicity to the tubular
epithelial cells [21].

The reported incidence of renal damage after contrast media administration has varied widely, ranging from 1% to
30% [16]. This wide variation in incidence can be attributed to differences in the definition of contrast-induced
nephropathy used, differing patient populations, variability of contrast doses, variations in timing of follow-up, and
different routes of contrast medium administration (intra-arterial vs. intravenous) [22].

Another study conducted by Del Mastro [1] indicates that nephropathy caused by iodinated CM that occurs in 2.3% of
all CT examinations.

Pre-existing renal insufficiency is the most important risk factor for renal failure after CM administration [23]. The
poorer the renal function, the higher the risk of acute renal injury related to CM [24].

The other risks of developing this complication are compounded by several patient conditions, such as advanced age
(>70 years), dehydration and co-administration of nephrotoxic chemotherapeutic drugs or nephrotoxic drugs [1, 16],
diabetes mellitus, hypertension, multiple myeloma, hyperuricemia [16].

Most commonly, acute renal failure after CM manifests as a non-oliguric and transient decline in renal function, with
the serum creatinine level rising within 24 h, peaking in 3-5 days, and returning to baseline within 10-14 days [1, 25].
Oliguric acute renal failure requiring dialysis is much less common [26], but is associated with a significantly higher
morbidity and mortality rate [27].

The study aims to analyze the correlation between administration of iodinated contrast substance and serum creatinine
values 48-72 hours afterwards in patients with oncological conditions undergoing chemotherapy, which perform CT
examinations (observational study).

The data obtained could have practical implications for the management of renal disease in this type of patient.

Experimental part
Material and methods

The study was conducted over a period of 6 months beginning on 01.06.2018 and included patients admitted to the
Oncology Department of the “Coltea” Clinical Hospital in Bucharest, who had an indication for a CT scan with
administration of intravenous iodine contrast substance. Creatinine values were determined one day before CT, and at 24
and 48 hours after.

Patients were divided into two groups, as follows:

a)Untreated patients

b)Patients undergoing chemotherapy

Inclusion criteria:

- Over 18 years of age

- Patients undergoing chemotherapy

- Normal kidney function

Exclusion criteria:

- Pre-existing renal insufficiency

- History of renal transplantation

- Patients undergoing dialysis

- Known allergies

In this study, 59 patients were analyzed according to the inclusion and exclusion criteria, all of whom were diagnosed
with a type of neoplasia.

Computed tomography (CT) was used in all 59 cases under study, this being necessary both for the diagnosis and for
their cancer staging.

The characteristics of the equipment, the contrast agent used and the technique of its administration were as follows:

-CT-Siemens Duo Emotion, multislice of 5mm, contiguous, FOV 200, KV 130, mA 100, mAs 58.

-lodinated water-soluble contrast substance, 350mg/mL, administered intravenously with the injector, with a flow rate

of at least 2.5mL/s, with a delay of 25 seconds until the first postcontrast acquisition.

-Multiplanar Reconstruction (MPR) in the other 2 plans (sagittal and coronal).
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-Bone window reconstruction.

According to the prospectus of the contrast substance, the active substance is lohexol, having the content per milliliter
of 755 mg equivalent to 350 mg of iodine. lohexol is an X-ray contrast agent, water-soluble, tri-iodate, monomeric, non-
ionic.

lohexaol, is sold under the trade name Omnipaque®, and its osmolarity and viscosity values are listed in tabel 1:

Table 1
THE OSMOLARITY AND VISCOSITY OF IOHEXOL
Osmolarity Viscosity
Concentration Osm/kg H20 mPa*s
37EC 20EC 37EC
240mg | / ml 0.51 5.6 3.3
300mg 1/ ml 0.64 11.6 6.1
350mg |/ ml 0.78 23.3 10.6

lohexol is an aqueous clear solution, colorless to pale yellow, sterile, without visible particles, used for injection
administration, and has the following therapeutic indications:

-As the contrast agent for cardioangiography, arteriography, urography, flebography in adults and children and for
contrast enhancement in computed tomography (CT); for lumbar, thoracic, cervical myelography and basal cavity
tomography, after subarachnoid injection.

- For arthrography, endoscopic retrograde pancreatography (ERP), endoscopic retrograde cholangio-pancreatography
(ERCP), herniography, hysterosalpingography, sialography, and radiological examinations of the gastrointestinal tract.

The dose administered varies depending on the nature of the exam, age, weight, heart rate, clinical situation and
technique. As a rule, the volume and concentration of iodine required are the same as for other iodine contrast agents
commonly used in radiology. As with other contrast agents, the patient should be properly hydrated before and after
Omnipaque® administration.

The product is usually administered intravascularly or intrathecally. For CT examination the concentration
administered for 350 mg | / ml the volume injected should be between 100 ml and 150 ml. In order to minimize the
possible adverse reactions, a total dose of 3 g iodine should not be exceeding.

The chemical formula of iohexol (Omnipaque®) is C19H2613N309 (as seen in Figure 1), also as:

5-[N-(2,3-Dihydroxypropyl)acetamido]-2,4,6-triiodo-N,N'-bis(2,3-dihydroxypropyl)isophthalamide, and the molar mass
of lohexol is 821.138 g/mol g'mol—1
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Results and discussions

In this group of 59 patients with diagnosed neoplasia, all investigated with contrast enhanced computed tomography,
the median age was 59.69 years, with a rage of 39-81 years, and a male: female rate of 1:1.26.

Of them, 56 subjects were undergoing chemotherapy, and the remaining 3 patients were untreated at the time of CT
examination.

Of the 56 patients who received chemotherapy, 39.28% received 1 single chemotherapeutic drug, and 21.42% were
treated with a combination of 2 chemotherapeutics; the rest of the patients were treated with a combination of 3 or more
drugs.

The chemotherapeutic agents used in the single drug group were Docetaxel (in 6 patients), Capecitabina (for 6
subjects), Gemcitabine (4 cases), Topotecan (3 patiens), and Paclitaxel (3 cases). In the group of patients treated with a
combination of 2 drugs, 2 cases received Docetaxel and Trastuzumab, 7 were treated with Pemetrexed and Carboplatin,
and the remaining patients were treated with Doxorubicin and Cyclophosphamide. The combinations used in the group of
patients who received 3 or more drugs were: Paclitaxel / Bevacizumab / Zoledronic acid (4 cases), Capecitabine /
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Irinotecan / Bevacizumab (3 cases), Fluorouracil / Carboplatin / Cetuximab (9 cases), Capecitabine / Oxaliplatin /
Bevacizumab / Zoledronic acid (3 cases), and Bleomicine / Etoposid / Cisplatin (3 cases).

In the study group, regardless of the drug used or the combination of administered chemotherapy, it was observed that
creatinine levels increased post-administration of contrast substance during CT examination in a number of 29 patients;
the rest of the patients studied had a lower level of creatinine at 48 hours post-intravenous administration of contrast
media.

Of the 29 patients whose creatinine levels increased, 19 subjects had an increase of less than 25% from baseline, 7
patients showed a 25% to 50% increase from the reference value, and 3 an increase of more than 50% in creatinine versus
initial value.

It should be noted that in the group of patients with an increase of less than 25%, in 47.36% of cases there was an
exceeding of the upper normal limit of creatinine (i.e. over 1.2 mg / dl). This was observed in patients treated with
Topotecan (3 cases) and Capecitabine (2 cases), a combination of fluorouracil / carboplatin / cetuximab (3 cases), but also
at a patient who was not undergoing chemotherapy at the time of the CT examination of the contrast media.

It should be also specified that patients who had an increase in creatinine of 25-50% did not exceed the creatinine
threshold. They were treated with a combination of 2 drugs (doxorubicin / cyclophosphamide) or 3 chemotherapeutic
agents (paclitaxel / bevacizumab / zoledronic acid, respectively, fluorouracil / carboplatin / cetuximab).

All patients who had a creatinine increase of over 50% were treated with a combination of paclitaxel / bevacizumab /
zoledronic acid, but it should be specified that the absolute value of creatinine did not exceed the normal value of 1.2 mg /
dl.

For all patients analyzed in this study, creatinine clearance (Ccy) was calculated. It was observed that in 5 patients it
remained the at the same value post-administration of the contrast substance (in 4 cases the absolute value of creatinine
decreased by 0.08-0.01 units, and in one case increased by 0.02 units).

However, 30 of the patients showed a lower clearance score with 2-54 units (Table 2).

Table 2
DISTRIBUTIN ON CASES RELATED TO THE INCREASE OF Ccr (IN UNITS)
Postcontrast Ccr < 20 units 20-50units >50 units
No of cases 24 2 4

All 4 cases with a lower Cc, with more than 50 units had an absolute value of over 80 mL/min/1.73m2 and had as
treatment the combination of paclitaxel / bevacizumab / zoledronic acid; in those with a decrease of Cc between 20 and
50 units, one patient had an absolute value of 46 mL/min/1.73m2, and the other had a value of 71 mL/min/1.73m2, and
were undergoing therapy with doxorubicin / cyclophosphamide, and respectively fluorouracil / carboplatin / cetuximab.

If we analyzed the absolute value of the cases with decreased post-contrast creatinine clearance, it was observed that 4
patients had a value of 60 mL / min / 1.73m2 (precontrast value ranging between 69 mL / min / 1.73m2 an 73 mL / min /
1.73m2), and 7 patients had a Cc, value under 60 mL / min / 1.73m2 (i.e. 46-59 mL / min / 1.73m2, with baseline values
of 60-69 mL / min / 1.73m2. Also, in 13 cases it was identified a CCr of 71 — 92 mL / min / 1.73m2 (precontrast value:
82-142 mL / min / 1.73m2) and 6 cases with values between 126-157 mL / min / 1.73m2 (128-168 mL / min / 1.73m2
values before the CT scan).

In the group with postcontrast Ccr lower than 60 mL / min / 1.73m2, there were 3 patients who received Docetaxel as
treatment, and three other patients who were treated with a combined chemotherapeutics of doxorubicin /
cyclophosphamide; the last was treated with gemcitabine.

In the group with a value of creatinine clearance after the contrast administration of 60 mL / min / 1.73m2, two
patients were treated with paclitaxel / carboplatin, and one with Capecitabine. One of this subgroup was not undergoing
chemotherapy.

Acute kidney failure is commonly defined as an abrupt decrease in renal function and clinically manifests as a
reversible acute increase in nitrogen waste products that is determined by measuring blood urea nitrogen and serum
creatinine levels over the course of hours to weeks (i.e. >50% increase in creatinine value) [8, 28].

The prevalence of renal insufficiency among cancer patients is high [29] and numerous factors and patient
characteristics contribute to the increased risk of developing renal failure in this patient population [30].

In a study including 37267 cancer patients, the risk of acute kidney injury was approximately 17.5% within 1 year of a
cancer diagnosis and 27% after 5 years [31], and the rate of acute renal failure in patients with cancer seems to be higher
than the rate reported for patients without cancer (12 vs. 5-8% respectively) [31,33].

The chance for developing acute kidney injury is significantly higher for patients receiving chemotherapy, and those
given an intravenous injection of contrast media [34].
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Cancer treatments as well as the timing of treatment and CT imaging have been investigated as risk factors for acute
reactions to iodinated CM [35, 36].

The route of administration is extremely important when assessing the risk of nephrotoxicity associated with contrast
median administration. The rate of nephrotoxicity is 2-4 times higher in patients who undergo intra-arterial contrast
medium injection compared with those who receive intravenous injection (e.g., CT). The reasons for this difference are
well known [37, 38] and the benefits of using intravenous contrast are well acknowledged [7, 39]. lodine in a target organ
or blood plasma causes greater absorption and scattering of x-ray radiation. This results in an increase in CT attenuation
and contrast medium enhancement on the CT image [7].

While the biomedical literature indicates that the rate of adverse events associated with contrast media use is low, there
is little evidence examining the use of contrast substance and the risk of renal impairment in individuals with cancer [8].

However, the incidence of nephropathy specifically caused by iodinated substances is not well understood [8], and was
studied by investigators in association with the contrast material volume adjusted for renal function [40,41].

It has been suggested that contrast induced renal acute failure may develop 4.5 times more frequently in cancer
patients who undergo recent chemotherapy [30], and that exposure to contrast within a week prior to nephrotoxic
chemotherapeutic agents significantly increases the risk of nephropathy [42].

Evidence of the reduced incidence of post-contrast renal injury in the general population and patients with cancer who
have received iso-osmolar contrast media has emerged from several studies, including systematic reviews and meta-
analyses [43].

Different contrast substances have been developed, each with their own pharmacological characteristics [44].

The most important feature for determining the risk of nephrotoxicity seems to be the osmolality of the contrast media,
and the risk is higher for agents with increased osmolality compared to that of iso-osmolar contrast media [45]

Several guidelines recommend that contrast agents with the lowest osmolality should be used and high-risk patients
should be administered iso-osmolar contrast media, regardless of the administration route [46].

Based on the Onco-Nephrology Curriculum of the American Society of Nephrology, high-osmolar (>1,400 mOsm/kg)
and low osmolar (600-800 mOsm/ kg) contrast substance are associated with a higher incidence of acute renal failure
compared to iso-osmolar ones (300 mOsm/kg) [1].

Some guidelines identifying management standards were issued in 2010 and updated in 2015 [47], and stated that risk
factors should be assessed for all patients prior to intravenous contrast administration, glomerular filtration rate should be
assessed for all non-emergency patients, and a minimum rate of >60 ml/min/1.73m2 is recommended.

It been suggested that patients with active cancer undergoing enhanced CT are particularly at risk of renal failure even
in the absence of significant renal impairment as underlying renal insufficiency may be masked due to falsely low
creatinine concentration resulting from diminished muscle mass [48].

Cicin et al. [30] reported an incidence of acute renal injury after enhanced CT in oncology patients of 20%, and was
developed 4.5 times more frequently in patients with cancer who had undergone a CT within 45 days after their last
chemotherapy treatment, which was also considered an independent risk factor. Also, in patients with cancer who require
CT with contrast media, the risk of developing renal failure was 4.09 [48].

Several factors contribute to the increased risk, including the type and volume of contrast media, frequency of contrast-
enhanced imaging, comorbidities, underlying renal function and chemotherapies [28, 43, 46].

It is not difficult to surmise why cancer patients may be particularly susceptible to renal events given their high prevalence
of renal insufficiency, and concomitant nephrotoxic chemotherapeutic regimens, and predisposition to dehydration
(secondary to advanced age, poor appetite, nausea, and vomiting) [16].

Our results showed that serum creatinine increased in almost half of the patients (49.15%) 48 hours after CT with
intravenous administrated contrast media; of these only 3 patients had an increase over 50% of the creatinine value,
namely acute renal failure associated with enhanced CT.

In the study of Ng et al. [3] is stated that creatinine value increased in more than one half the patients (55%) after CT
with contrast medium, most of them having the maximum rise within 2 days after CT, with a declining frequency over
time.

In another study [49], an acute increase in serum creatinine was observed in 10% of patients with pre-existing renal
insufficiency who received contrast medium.

In our study, all the patients from the subgroup of cases of who had an increase of creatinine over 50% were treated
with a combination of Paclitaxel / Bevacizumab / Zoledronic acid. This makes us affirm that this combination of
chemotherapy is the most nephrotoxic combination of drugs used in patients in our study. However, it should be
mentioned that the absolute value of creatinine did not exceed the normal value of 1.2 mg/ dl.

According to the Renal Insufficiency and Anticancer Medications [50], 50-60% of cancer patients who are undergoing
antineoplastic treatment develop a renal impairment, and therefore medications play a critical role [1].
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The combination Bevacizumab / Irinotecan administration on a patient with hypertension may be additional risk
factors for renal failure induced by contrast agents [30], and Ifosphamide and platinum agents (Cisplatin and Carboplatin)
cause both glomerular and tubular impairment [1].

The incidence and severity of renal toxicity increases with repeated usage of cisplatin-based chemotherapy, and renal
injury may subsequently become irreversible [1]. Thus, cisplatin discontinuation is generally indicated in patients who
present signs of progressive renal failure [51].

According to Launay-Vacher et al. [52] many patients are on concurrent nephrotoxic chemotherapeutic drugs, like
Gemcitabine, Carboplatin, Doxorubicin, Paclitaxel, Cisplatin, Irinotecan, Trastuzumab, Zoledronate Acid.

The effects of the administration of CM and chemotherapy within a short time have been widely investigated [1].
Exposure to contrast substance within a week before cisplatin administration increased the risk of kidney damage by 2.56
[51].

Cetuximab induces hypomagnesemia resulting from a renal magnesium leak. Bevacizumab induces hypertension and
kidney-specific injury, including proteinuria and acute renal failure [1].

Glomerular filtration rate (GFR) is considered a more reliable measure of renal function than serum creatinine [53].

In the study group was found that 30 cases had a decrease of creatinine clearance, between 2 and 54 units. In 6.77% of
cases studied, a decrease was found to be below 60 mL/min/1.73 m2, and those patients were treated with Docetaxel,
Gemcitabine, or the combination of Doxorubicin / Cyclophosphamide.

Ng et al. [3] found in their research that serum creatinine after CT increased compared with baseline pre-CT values in
more than one half the patients (57%), and more than one half (54%) of these increases occurring within 2 days of CT. In
evaluating the effect of undergoing CT on subsequent renal function, they detected a significant increase in creatinine
(mean rise 0.25 mg/dL) and fall in GFR (mean fall 9.38 mL/min/1.73 m2), after the administration of IV contrast medium
in association with CT.

In our study, there were 4 patients with a decrease of Cc, with more than 50 units, and 2 cases with a fall of 20-50 units
after 48 hours postcontrast CT. The rest of cases had a fall less than 20 units, with an overall mean decline of 14.63
mL/min/1.73 m2.

Regardless of the cause, cancer patients who develop renal failure may have worse prognosis and survival [54,55].

Conclusions

Although the batch of patients is not high, the study results that under the circumstances of a proper hydration of
patients administration of intravenous contrast substance of the type lohexol which is an X-ray contrast agent, water-
soluble, tri-iodate, monomeric, non-ionic, does not damage renal funtion, without causing acute Kidney failure, regardless
of the type of drug association.
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