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Abstract

Background: Bevacizumab (BEV) leads to proteinuria and renal damage. It is not clear whether the administration
of immunosuppressive drugs after renal transplantation affects the safety of BEV administration. We report a case of
severe proteinuria caused by BEV plus 5-fluorouracil, levofolinate, and oxaliplatin (mFOLFOX6) in a patient who had
previously undergone kidney transplantation and the administration of tacrolimus.

Case presentation: The patient was a 67-year-old man with a history of diabetes and hypertension. He developed

chronic renal failure 14 years earlier and underwent right kidney transplantation from a living donor followed by the
administration of tacrolimus and mycophenolate mofetil for immunosuppression. After kidney transplantation, the

tacrolimus concentration and proteinuria.

patient was diagnosed with colorectal cancer with multiple lung and liver metastases and received BEV plus
mFOLFOX6. After 5 cycles, proteinuria was observed, with a urinary protein concentration of > 300 mg/dL (urine
protein creatinine ratio: 3.5), and after 16 cycles, the urinary protein concentration was > 1000 mg/dL (urine protein
creatinine ratio: 7.1). Subsequently, BEV was discontinued, and only mFOLFOX6 administration was continued.
Tacrolimus continued to be administered during chemotherapy. There was no association between serum

Conclusions: In this case, BEV administration caused severe proteinuria without affecting blood levels of tacrolimus.
Patients with risk factors for renal impairment should be carefully evaluated for the risks and benefits of BEV administration.
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Background

Kidney transplant, commonly performed for end-stage
renal disease, is an alternative to dialysis. Kidney trans-
plantation helps prolong the survival of renal recipients
[1]. However, post-transplant renal impairment, protein-
uria, and cardiovascular disease are major risk factors
for graft loss [2]. Therefore, strict management is
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essential. Also, an increased incidence of colorectal can-
cer has been reported in kidney transplant patients [3].
Bevacizumab (BEV) is a humanized, monoclonal, anti-
vascular endothelial growth factor antibody that exhibits
antiangiogenic function. Generally, BEV is used in pri-
mary therapy with 5-fluorouracil, levofolinate, and oxali-
platin (mFOLFOX6) or 5-fluorouracil, levofolinate, and
irinotecan therapy. Recently, combination regimens have
been used as the second-line standard treatment for
unresectable, advanced, or recurrent colorectal cancer
[4]. Untreated metastatic colorectal cancer has a median

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40780-020-00175-7&domain=pdf
https://orcid.org/0000-0003-3221-3054
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:aiueonoderaiueo@gmail.com

Onodera et al. Journal of Pharmaceutical Health Care and Sciences

overall survival of approximately 6 months, while BEV
plus mFOLFOX6 extends it to approximately 21 months
[5].

However, side effects such as hypertension, protein-
uria, and bleeding have been reported following BEV ad-
ministration [6-8]. Proteinuria is one of the most
commonly observed side effects caused by BEV [9]. BEV
has been reported to alter the endothelial surface in the
glomerular endothelium and may induce the develop-
ment of thrombotic microangiopathy, which may be a
risk for underlying proteinuria and renal dysfunction
[10].

History of living kidney transplantation, administration
of immunosuppressants, and administration of chemo-
therapy including BEV may adversely affect the mainten-
ance of renal function in patients due to post-transplant
complications and drug-drug interactions. However, few
reports discuss the effects of BEV administration after
living kidney transplantation and immunosuppressants
administration, and the effect of BEV on the risk of pro-
teinuria in such cases remains unclear [11].

We report our experience in handling a case of severe
proteinuria because of concomitant BEV administration
for colorectal cancer in a patient receiving tacrolimus
following right living donor kidney transplantation.

Case presentation

Patient background

The patient was a 67-year-old man with a history of dia-
betes and hypertension. He developed chronic renal fail-
ure 14 years earlier and underwent right living donor
kidney transplantation followed by the administration of
tacrolimus and mycophenolate mofetil for immunosup-
pression. Renal function remained normal after kidney
transplantation. Amlodipine and candesartan were ad-
ministered for high blood pressure.

Eleven years after kidney transplantation, the patient
was diagnosed with colorectal cancer with multiple lung
and liver metastases and received BEV plus mFOLFOX6.
The dose of BEV was 5 mg/kg/day. Physical characteris-
tics before therapy were as follows: body weight, 61.8 kg;
height, 162 cm; blood pressure, 160/91 mmHg; pulse, 91
bpm; and body temperature, 36.6 °C. Clinical laboratory
tests showed the following: white blood cell (WBC)
count, 2.5 x 10°/L; neutrophil count, 1.2 x 10°/L; platelet
count, 101 x 10°/L; hemoglobin concentration, 114 g/L;
lactate dehydrogenase, 143 U/L; serum creatinine con-
centration (SCr), 81.3 umol/L; blood urea nitrogen
(BUN), 9.0 mmol/L; estimated glomerular filtration rate
(eGFR), 64.1 mL/min/1.73 m% and serum albumin con-
centration, 40g/L. The urinary protein concentration
(dipstick urinalysis) was 30 mg/dL, and the urine protein
creatinine ratio (UPCR) was 0.4 g/gCr.
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Proteinuria

After 2cycles of mFOLFOX6, BEV was added to the
regimen, and the urinary protein concentration and
UPCR of the patient increased to 300 mg/dL and 3.5 g/
gCr, respectively, after 5 cycles of BEV plus mFOLFOX6
(Fig. 1). The urinary protein concentration continued to
increase, and after 16 cycles of BEV plus mFOLFOX6,
the urinary protein concentration and UPCR reached
1000 mg/dL and 7.1 g/gCr, respectively. At this point,
BEV administration was discontinued. Ten weeks after
discontinuation of BEV administration, urinary protein
concentration improved to 300mg/dL, but UPCR
showed further deterioration. After that, the UPCR im-
proved to 5.7 g/gCr, but BEV could not be restarted.
Afterwards, significant proteinuria was not induced.

We utilized trough level concentration as a measure of
the exposure to tacrolimus. During chemotherapy, the
tacrolimus dose was maintained at 3 mg/day, but the ta-
crolimus dose was reduced to 2mg/day because the
serum tacrolimus concentration increased during the 4
cycles of chemotherapy. After that, no further rapid in-
crease in serum tacrolimus concentration was observed.
There was no association between serum tacrolimus
concentration and proteinuria.

Although chemotherapy started without any signifi-
cant change in renal function, eGFR decreased after the
onset of proteinuria. When BEV was discontinued, eGFR
was 48.6 mL/min/1.73 m> Afterwards, significant renal
dysfunction was not induced. Serum albumin concentra-
tion showed a gradual decrease during chemotherapy,
but there was no significant change before and after the
onset of proteinuria. Nephrotic syndrome was suspected
due to the onset of proteinuria but was excluded because
neither hypoalbuminemia (< 30 g/L) nor edema were ob-
served beyond the diagnostic criteria.

Hypertension

To control blood pressure, 2.5 mg amlodipine, a calcium
antagonist, was started at the time of BEV administra-
tion. Immediately after BEV administration, a rapid in-
crease in systolic blood pressure required the initiation
of 8 mg candesartan, an angiotensin II receptor blocker.
Since there was a similar increase in blood pressure after
7 more cycles, the dose of amlodipine was increased to
5mg. After that, blood pressure control was stable only
with amlodipine (Fig. 1).

Other adverse events

Thrombocytopenia (4.7 x 10°/L) was observed at the
start of cycle 11 of BEV plus mFOLFOX6. Since
thrombocytopenia did not improve after reducing the
oxaliplatin dose, oxaliplatin was discontinued after the
completion of 18 cycles of mFOLFOX6. Following dis-
continuation of oxaliplatin, the platelet count
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recovered over time and increased to 8.9 x 10°/L at
the start of 24cycle of mFOLFOX6 (excluding
oxaliplatin).

Discussion

In this case, the patient who had been taking an im-
munosuppressant for a long time after kidney trans-
plantation developed severe proteinuria on BEV
administration.

BEV is an important drug used in the standard therapy
of patients with nonresectable, advanced, or recurrent
colorectal cancer. The survival of these patients is im-
proved by combining BEV with primary and secondary
chemotherapy regimens [12]. However, proteinuria is a
characteristic side effect associated with BEV use. Mild
or moderate proteinuria is observed at a high rate of
21-63% of patients treated with BEV [9]. It may be re-
lieved naturally, but if symptoms persist and become se-
vere, discontinuation of BEV should be considered. As a
result, the therapeutic effect may be affected. For this
reason, it is recommended that BEV is administered with
regular urinalysis [13]. Urine test strips and 24-h urine
collection tests are commonly used to test proteinuria.
The package insert recommends discontinuing BEV for
patients with nephrotic syndrome and temporarily sus-
pending BEV for patients with proteinuria >2 g/24-h
(equivalent to UPCR 22 g/gCr). In the Evidence-Based
Clinical Practice Guideline for CKD 2018 (Japanese

Society of Nephrology), proteinuria is one of the staging
criteria for chronic kidney disease (CKD), which is eval-
uated by UPCR or quantity of urine protein measured
by 24-h urine collection. UPCR is often substituted be-
cause outpatient chemotherapy makes it difficult to col-
lect urine for 24-h [14]. In this case, urine protein
concentration and UPCR were 300 mg/dL and 3.5 g/gCr
after 5 cycles, respectively, but BEV was continued. One
of the reasons for this is that the decision of whether or
not to administer BEV was based on the proteinuria
concentration alone. UPCR has already been reported
for its utility in measuring urinary protein, but there are
often cases that are ignored in general practice. Further-
more, in this case, in addition to BEV administration,
there were multiple risk factors for the development of
proteinuria, such as a history of kidney transplantation
and combined use of immunosuppressants. In such pa-
tients, regular urinalysis including UPCR should be done
to determine if BEV can be given, and BEV administra-
tion should be actively discontinued if UPCR =2 g/gCr.
Renal pathology findings indicative of BEV-induced
proteinuria include glomerular endothelial cell exfoli-
ation, the collapse of slit membranes formed by glom-
erular podocytes, and glomerular nephritis caused by
renal thrombotic microangiopathy (TMA) [15]. In this
case, immunosuppressants were continuously used after
kidney transplantation. Calcineurin inhibitors tacrolimus
and cyclosporine are known to cause nephrotoxicity
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[16]. Frequent kidney damage occurs when serum con-
centrations of calcineurin inhibitors remain high for long
periods of time [17]. Therefore, regular dose adjustment
based on serum concentration measurements is recom-
mended. The main cause of tacrolimus-related nephro-
toxicity is renal tubule damage, with elevated serum
creatinine levels and electrolyte abnormalities [18]. Fur-
thermore, since tacrolimus is known to be involved in
the development of TMA [19], the combination of tacro-
limus and BEV may have caused TMA additively or syn-
ergistically, causing tissue damage. However, details in
this case are unknown because a renal biopsy was not
performed after the onset of severe proteinuria.

Miisri et al. submitted the only case report to date con-
cerning the course of a colorectal cancer patient who re-
ceived BEV after kidney transplantation [20]. They reported
severe proteinuria after BEV administration in a patient
who underwent kidney transplantation, in which tacrolimus
and everolimus were used as immunosuppressive agents.
However, the association between serum tacrolimus con-
centration and proteinuria was not evaluated in that report.
In our case, there were no significant differences in serum
tacrolimus concentrations before and after the start of BEV
administration. Moreover, there was no correlation be-
tween the serum tacrolimus concentration and proteinuria.
Therefore, it is indicated that the cause of severe protein-
uria is not the effect of tacrolimus concentration.

Thrombocytopenia occurred before the onset of severe
proteinuria. Suspected causes of thrombocytopenia were
BEV administration, tacrolimus use [21, 22], and TMA
[23], but recovery was observed after withdrawal of oxa-
liplatin. Therefore, it was speculated that bone marrow
suppression by oxaliplatin was a direct causative factor.

Previous reports have shown that the increase in blood
pressure with BEV use does not correlate with the onset
of proteinuria [24], and the observations in this case
may be consistent with this conclusion.

This report has potential limitations. It is unclear
whether both kidney transplantation and administration
of calcineurin inhibitors could be risk factors of protein-
uria caused by BEV. To reveal this clinical question,
more case reports and clinical research are required.

The administration of BEV to cancer patients undergo-
ing living kidney transplantation is considered to be im-
portant for prolonging survival. However, depending on
the patient’s medical history and the selected anticancer
drug, serious side effects may occur. In this case, severe
proteinuria developed. Patients with risk factors for renal
impairment should have their proteinuria measured regu-
larly to carefully assess the risks and benefits of BEV
administration.
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