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Abstract

Background Proteinuria induced by lenvatinib is a class effect that occurs secondary to VEGFR suppression. Withhold-
ing of lenvatinib is required in cases with severe proteinuria. Urine protein—creatinine ratio (UPCR, g/gCre) has recently
attracted attention as an alternative to 24-h urine collection for assessing proteinuria. The aim of this study was to examine
the correlation between the results of proteinuria assessed by the dipstick test and UPCR, and to investigate the influence of
proteinuria grading with UPCR on lenvatinib dose adjustment compared to that with only the dipstick test.

Method Three hundred and ten urine samples from 63 patients with advanced thyroid cancer under treatment with lenvatinib,
which were tested by both the dipstick test and UPCR were analyzed. Lenvatinib was withheld when there was evidence of
CTCAE grade 3 proteinuria, and restarted when it resolved. The frequency of proteinuria, correlation between the results
of the dipstick test and UPCR test, and the effect of dose withholding in cases with results of 3 +in the dipstick test were
calculated.

Results Proteinuria was seen in 56 (88.9%) patients. Of the 154 dipstick 3 + samples, only 56 (36.4%) were judged as more
than 3.5 g/gCre by UPCR (grade 3 proteinuria), although none of the 1+ and only 3.7% of 2 + samples were judged as grade
3 proteinuria. We were able to prevent unnecessary lenvatinib interruption due to proteinuria in 63.6% of dipstick 3 +samples
by assessment of UPCR.

Conclusions Urinalysis by combination of the dipstick test and UPCR assessment might be a better strategy for preventing
unnecessary interruption of lenvatinib.
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Introduction

Over the years, anti-vascular endothelial growth fac-
tor (VEGF)/VEGEF receptor (VEGFR) agents have been
developed as anticancer agents, since angiogenesis plays a
role in tumor growth. Lenvatinib, which is a multikinase
inhibitor of VEGFR 1-3, fibroblast growth factor receptors
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1-4, platelet-derived growth factor-alpha, KIT and RET, is
one such agent [1-3]. VEGFR-2, in particular, is the most
important mediator of tumor angiogenesis, along with
being an important mediator of nephrin, a protein essential
for proper functioning of the renal filtration barrier [3-5].
Hence, VEGEF-2 suppression induces not only strong tumor
suppression, but also proteinuria [3]. Thus, with the rapid
development of these agents, the management of proteinuria
has gained more attention than before.

Lenvatinib is indicated as monotherapy in patients with
locally recurrent, progressive, and radioiodine refractory
differentiated thyroid carcinoma (RR-DTC) [6] and unre-
sectable hepatocellular carcinoma (HCC) [7]. Further indi-
cations of lenvatinib are also expected in future, such as its
combination with everolimus in patients with advanced renal
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cell carcinoma (RCC) [8]. Appropriate use of lenvatinib
involves an adequate proteinuria management strategy to
obtain maximum clinical benefit from the drug. Interrup-
tion and reduction of the lenvatinib dose are recommended
when high-grade proteinuria occurs during treatment, mak-
ing regular proteinuria monitoring in patients on lenvatinib
therapy mandatory [4, 9].

However, protocols and strategies for monitoring and
management of the proteinuria induced by lenvatinib remain
unestablished. According to National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (CTCAE)
v4.0 guidelines (available at: http//ctep.cancer.gov/reporting/
ctc.html Accessed November 1, 2019), grade 3 proteinuria
is defined as urinary protein levels greater than 3.5 g/gCre
in a 24-h urine sample. This 24-h urine protein test relies
on the patient collecting overnight urine samples, which is
laborious, and might be influenced by patient compliance
[9]. Urinary protein is occasionally evaluated only by use
of a qualitative dipstick analysis, due to the convenience
of this method in real practice. However, performing only
qualitative dipstick urinalysis ignores the influence of urine
concentration, which impacts test accuracy [10, 11]. Hence,
evaluation of proteinuria using only qualitative dipstick uri-
nalysis might be insufficient as an indicator of the need for
dose adjustment of lenvatinib.

Urine protein—creatinine ratio (UPCR, g/gCre), which is
a simple ratio of the level of protein (mg/dl) and creatinine
(mg/dl) in a single-void urine sample, is known to correlate
significantly with 24-h proteinuria [10, 12]. Hence, in our
practice, we adopted UPCR instead of 24-h urine collec-
tion as a method of grading proteinuria. The aim of this
study was to examine the correlation between the results of
proteinuria assessed by the dipstick test and UPCR, and to
investigate the influence of proteinuria grading on lenvatinib
dose adjustment in patients with advanced thyroid cancer
treated with lenvatinib.

Patients and methods

This study involved 63 patients with advanced thyroid can-
cer who received lenvatinib therapy at Ito Hospital, Tokyo,
Japan from May 2015 to February 2018, and whose results
of urinalysis were obtained. The patients’ characteristics
and renal parameters are shown in Table 1. The estimated
glomerular filtration rate (¢GFR, mL/min/1.73 m?) of all
patients was > 30 mL/min/1.73 m? at baseline. Data up to
27 August 2018 were assessed and retrospectively reviewed.

Adverse events (AEs) were assessed based on the
CTCAE version 4.0. When treatment-related grade 3 or
intolerable grade 2 AEs were seen, lenvatinib was inter-
rupted until the events resolved to grade <2 or baseline,

following which lenvatinib was restarted, but with sequen-
tial dose reductions, if necessary.

Urinalysis was performed at baseline and at every reg-
ular visit, at least every 2 weeks for the first 2 months
and every month thereafter, if the patient’s condition
was clinically stable. Each urine sample first underwent
a qualitative test using a commercially available dipstick
(MULTISTIX SG, CLINITEK Status + Analyzer; Sie-
mens Healthcare Diagnostics Inc., Deerfield, IL, USA).
Samples that tested positive for proteinuria, namely
1+ or more (+2, and+ 3) (only “3 +” before July 2017)
on the dipstick test were sent for UPCR testing (Micro
TP-AR 2 Pyrogallol Red method; FUJIFILM Wako Pure
Chemical Corp., Osaka, Japan, Aqua-auto Kainos CRE-
III plus; Kainos Laboratories, Inc., Tokyo, Japan, and
JCA-BMO9130; JEOL Ltd., Tokyo, Japan,) on the same
day. Dose adjustment was decided based on the results of
UPCR as follows: lenvatinib was interrupted when > 3.5 g/
gCre, i.e. grade 3 proteinuria, was seen, and was restarted
when proteinuria improved to < 3.5 g/gCre, i.e. equal to or
less than grade 2 (Fig. 1). Although CTCAE criteria define
grade 3 proteinuria as higher than 3.5 g/24 h in a 24-h
urine sample, we adopted only UPCR as the quantitative
test in this study, based on the accepted theory that the
results of UPCR correlate with the results of 24-h-timed
urine collection [10, 12].

A total of 310 adequately collected urine samples from
63 patients that were tested by both the dipstick test and
UPCR were retrospectively analyzed. Patient characteris-
tics are as shown in Table 1. Seven patients with baseline
proteinuria of “1 4+ by the dipstick test were included,
none of whom were found to have any past renal disease.
First, the frequency and timing of proteinuria in these
patients were investigated. In patients with positive base-
line proteinuria, they were considered to have developed
treatment-related proteinuria only when it became more
severe. Non-progressive proteinuria was not counted as
proteinuria. Then, the correlation between the results of
the qualitative dipstick test and quantitative UPCR test was
examined using the Dunn test. In the case of a result of
3 +1in the dipstick test, the number of samples that actually
had grade 3 proteinuria was calculated to investigate the
effect of withholding the drug in patients with a false posi-
tive test result. Overall survival (OS) of 39 differentiated
thyroid carcinoma (DTC) patients stratified based on the
presence or absence of grade 3 proteinuria were investi-
gated using the Kaplan—Meier method by focusing on the
relationship between proteinuria and survival benefit with
our management strategy.

All study participants provided their informed consent
for study participation, and the study design was approved
by our institutional ethics review board.
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Table 1 Patients’ characteristics

DTC? ATCP MTC®
n=42 n=18 n=3

Sex, n (%)

Male 12 (28.6) 6 (33.3) 1(33.3)

Female 30 (71.4) 12 (66.7) 2 (66.7)
Age (years)

Median (range) 66 (33-83) 63.5 (39-81) 53 (45-39)
Weight (kg)

Median (range) 56.2 (30.9-79.2) 52.7 (30-82) 62.5 (60-71)
BMI (kg/m?)

Median (range) 21.2 (14.1-35.2) 19.3 (13-29) 20.5 (20-32)
ECOG PS, n (%)

0 21 (50.0) 2(11.1) 2 (66.7)

1 12 (28.6) 10 (55.6) 0

>2 9(21.4) 6 (33.3) 1(33.3)
Prior systemic anticancer therapy, n (%)

TKI 44(9.5) 0 2° (66.7)

Cytotoxic therapy 0 187 (100) 0
Metastatic site, n (%)

Lung 38 (90.5) 14 (77.8) 3 (100)

Kidney 40 (95.2) 1(5.6) 0

Others 2 (4.8) 16 (88.9) 3 (100)

eGFR, (mL/min/1.73 m?)
Median (range)

Baseline urinary protein, n (%)
0
1+

Past renal histology, n (%)

Duration of treatment (mo)
Median (range)

Duration of observation (mo)
Median (range)

Dose intensity (mg)
Median (range)

76.5 (43.3-119.1)

84.1 (57.2-106.2)

98.5 (956-133)

39 (92.9) 14 (77.8) 3 (100)
3(7.1) 4(22.2) 0

2(4.8) 0 0

13.8 (0.4-39.4) 2.8 (0.6-11.6) 6.6 (2.0-6.8)
15.2 (0.9-39.4) 2.9 (1.6-14.3) 9.8 (2.1-16.1)
11.6 (4-24) 17.1 (11.4-24.0) 15.8 (4-20)

“Differentiated thyroid carcinoma

® Anaplastic thyroid carcinoma
“Medullary thyroid carcinoma
43 sorafenib and 1 vandetanib

¢2 vandetanib

f18 paclitaxel and 4 nedaplatine (duplicated)

Results
Incidence of proteinuria

The incidence and median time to first onset of any grade
and grade 3 proteinuria in the 63 patients irrespective of
thyroid cancer histology were 84.1% [53 patients, 2.7
(0.1-26.6) months] and 28.6% [18 patients, 5.9 (0.7-21.6)
months], respectively. Table 2 shows the incidence and tim-
ing of proteinuria in patients stratified based on histological

@ Springer

type of thyroid cancer, i.e. differentiated, anaplastic, and
medullary thyroid carcinoma (DTC, ATC, and MTC).

Correlation between qualitative and quantitative

results

Figure 2 shows the results of dipstick testing in relation
to quantitative UPCR in the 310 urine samples. Of the 47
samples that tested 1+ by dipstick testing, 42 (89.4%) were
judged as less than 1 g/gCre by UPCR (equal to or lower
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Dipstick test

negative
(=%)

positive
=14)

[ <3.5 g/gCre ] [ >3.5 g/gCre ]

Lenvatinib continued

Lenvatinib interrupted until
proteinurea improved to <3.5 g/gCre

Fig. 1 Flowchart of urinalysis and lenvatinib administration

than grade 1 proteinuria) and none (0%) corresponded to
grade 3 proteinuria (> 3.5 g/gCre). Of the 109 samples that
tested 2 + by dipstick testing, 105 (96.3%) were judged as
less than 3.5 g/gCre by UPCR (equal to or lower than grade
2 proteinuria), and four samples (3.7%) corresponded to
grade 3 proteinuria, suggesting the need for withholding
lenvatinib in these patients. Of the 154 samples with 3 + pro-
teinuria by the dipstick test, only 56 (36.4%) were judged to
have proteinuria of more than 3.5 g/gCre by UPCR (grade
3 proteinuria), and a whopping 98 (63.6%) samples showed
lower than grade 3 proteinuria. Furthermore, a total of 13
samples from 9 patients that tested as grade 3 + on qualita-
tive dipstick analysis revealed severe proteinuria of over 6 g/
gCre (Fig. 2).

Relationship between proteinuria and survival
outcomes

With our oncological treatment strategies, there were no
significant differences in OS between the groups of patients
with grade 3 versus grade <2 proteinuria among the 39
DTC patients (Fig. 3). Five (7.9%) of all the patients studied

discontinued lenvatinib due to uncontrollable proteinuria,
and none of the patients suffered from nephrotic syndrome,
although a patient with timed decrease in eGFR died due
to cancer. None of the patients required dialysis initiation.

Discussion

Lenvatinib, which is a strong suppressor of VEGFR-2, is
known to frequently induce proteinuria [6, 7], especially
in Japanese subjects [13]. Proteinuria is well known as a
relatively commonly shared class effect among all thera-
peutics targeting the VEGF pathway [1, 2]. Early detection
and close monitoring to prevent the worsening of proteinuria
and development of renal-associated problems is required.

UPCR (g/gCre)
(=)}
L

m @D (154)

(109)

Dipstick protein

Fig.2 Correlation between qualitative dipstick and quantitative urine
protein—creatinine ratio (UPCR) test values. The number (%) of sam-
ples with 1+, 2+, and 3 + proteinuria by the dipstick test that were
found to have proteinuria of more than 3.5 g/gCre by UPCR (grade
3 proteinuria) was none (0%), 4 (3.7%), and 56 (36.4%), respectively.
Dunn test: r=0.5349, p<0.0001

Table 2 Frequency of

proteinuria prer ATCY MTC
Variables n=42 n=18 n=3
Frequency of proteinuria, n (%)
All grades 39 (92.9) 11 (61.1) 3 (100)
Grade>3 16 (38.1) 2(11.1) 0(0)
Time of proteinuria appearance (mo)
All grades median (range) 5.1 (0.2-26.6) 1.1 (0.1-3.4) 4.5 (2.1-7.0)
Grade > 3 median (range) 8.0 (1.0-21.6) 2.1 (0.7-3.4) -

“Differentiated thyroid carcinoma
b Anaplastic thyroid carcinoma

“Medullary thyroid carcinoma
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Fig.3 Comparison of overall survival between patients with grade 3
versus grade <2 proteinuria among the 39 differentiated thyroid carci-
noma (DTC) patients. N.S.: not significant

The first step in monitoring for proteinuria is the qualitative
dipstick test. If this indicates significant proteinuria, 24-h
timed urine collection is unquestionably the gold standard
for accurate evaluation of proteinuria [9]. Although this test
is burdensome in terms of its inconvenience and the inac-
curacy involved in repeated collection of 24-h urine samples,
CTCAE criteria recommend this test for grading of proteinu-
ria. In real practice, the qualitative dipstick test is the only
test adopted in some cases. However, it is not well known
that higher levels of urinary protein secretion are associated
with a wide range of quantitative results [11]. This is a very
important problem because the results of proteinuria grading
are directly linked to lenvatinib dose adjustment.

UPCR is a quantitative test, in which the level of urinary
protein (mg/dl) is divided by the urinary creatinine level
(mg/dl) in a spot urine sample, that has been shown to have
acceptable sensitivity and specificity compared with the
standard 24-h urine protein test and is more convenient for
clinical usage [14, 15]. It is based on the premise that in a
given patient, the urinary creatinine excretion rate is fairly
constant in the presence of a stable glomerular filtration rate
and does not depend on urine concentration [12]. The utility
of UPCR has already been demonstrated in the REFLECT
trial of HCC patients [16], and it has been recommended by
different international guidelines [9, 17]. Based on these rec-
ommendations, we investigated the feasibility of performing
the CTCAE-recommended proteinuria grading using UPCR
instead of a 24-h urine sample in thyroid cancer patients
treated with lenvatinib (Fig. 1).

Our study revealed that only a third of samples that
were 3 + for proteinuria using the urine dipstick test were
CTCAE grade 3 by UPCR (Fig. 2). When our UPCR
results were applied to our treatment strategy, overesti-
mation of proteinuria was found in as many as 63.6% of
samples, which could have led to unnecessary lenvatinib

@ Springer

interruption in these patients. These findings show that
grade 3 proteinuria should never be defined purely on the
basis of a result of “3 +” in the dipstick test, as this could
lead to unnecessary cessation of lenvatinib therapy. Fur-
thermore, it is interesting to note that some “3 +” samples
showed > 6 g/gCre proteinuria. Assessing UPCR would
ensure that such severe proteinuria is not overlooked.
Patients showing high levels of proteinuria need special
long-term evaluation of the amount and duration of pro-
teinuria, renal function, and physical findings (e.g., leg
edema and hypoalbuminemia). In our study, UPCR values
of samples that tested as 1 +and 2 + on qualitative analysis
were also assessed. The results revealed that qualitative
results of 1+ and 2 + correlate well with UPCR grade 1
and grade 2 proteinuria, respectively. On the other hand,
a qualitative result of 3 +shows wide-ranging quantita-
tive results. These results are compatible with those of
past basic researches [10, 15] and is closely related with
urinary concentration [11].

The dipstick test is a conventional urinalysis widely used
to screen proteinuria, which is deemed to show positive
results only when protein excretion exceeds 0.3 g/l. The
numerical values of urinary protein corresponding to the
results of dipstick assessment are roughly as follows: 1+ rep-
resents a value of 0.3 g/l, 2+ corresponds to 1 g/l, 3+ cor-
responds to 3 g/, and 4 + with > 3 g/l [2]. This indicates that
the range of quantitative results covered by the qualitative
results becomes wider as the concentration increases. There-
fore, we should recognize again that more severe proteinu-
ria is associated with greater uncertainty of the results of
qualitative tests.

Our management of proteinuria in thyroid cancer patients
on lenvatinib therapy is based on CTCAE grading and
involves withholding lenvatinib in patients with proteinu-
ria, as recommended by the REFLECT guidelines, although
we assess proteinuria using UPCR and not 24-h urine col-
lection [7]. The results of the current study indicated that
this strategy did not negatively affect the survival prog-
nosis of thyroid cancer patients with grade 3 proteinuria
(Fig. 3). Several reports that evaluated patients receiving
treatments for different malignancies stated that grading of
AE:s is useful in the prediction of patient prognosis [18, 19].
However, these results cannot necessarily be applied to our
subjects, because patients with thyroid cancer treated with
lenvatinib generally have a prolonged treatment period. In
our investigation, of the 15 DTC patients who showed grade
3 proteinuria, 8 patients experienced initial grade 3 more
than 6 months after treatment initiation, six of whom expe-
rienced more than 1 year later. These results also supported
by the fact that the rates of proteinuria significantly differ
between patients with DTC and ATC, which would signifi-
cantly affect treatment duration. We believe that the greater
likelihood of development of proteinuria with long-term
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treatment is more relevant than the prognostic implications
of the early development of proteinuria.

Furthermore, the impact of proteinuria on renal function
with long-term lenvatinib exposure has not been revealed
yet, with little evidence available on whether it induces renal
failure [4, 20]. Since proteinuria identified in health check-
ups predicts the risk of end-stage renal disease in the general
population [21, 22], it suggests the need for further investi-
gation of renal outcome in patients with proteinuria. A field
called “onconephrology” is now developing to further study
such issues [23, 24].

The balance between allowed harm and provided benefit
from lenvatinib treatment is an important aspect of therapy.
Needless to say, prolongation of OS with anti-cancer treat-
ment is given the highest priority, along with consideration
of renal prognosis that is commensurate with oncological
prognosis in patients treated with lenvatinib, since there is
no specific supportive care appropriate for reducing pro-
teinuria. Sorafenib, another agent approved for DTC [25],
rarely induces proteinuria and is proved to have no effect on
renal function [26, 27]. We need to consider these points
comprehensively and continue treatment while balancing the
benefits and harms of treatment. To this end, we believe that
it is better to monitor urine protein levels with UPCR than
with only the dipstick test.

There are two limitations to this study. One is that the
criteria of UPCR testing were not consistent throughout
the observation period. The other is that we did not per-
form a comparison between the results of 24-h collection
and UPCR. There is still controversy over the correlation
between these two methods [28-30]. The timing of random
urine collection, renal function, type of kidney disease, and
handling of urine samples might all affect the accuracy of
UPCR [14, 30, 31]. Urinary protein excretion rate is associ-
ated with changes in posture, physical activity, protein intake
and hemodynamic factors [29], and urinary creatinine con-
centration is associated with muscle size [15]. The effects
of these factors on cancer patients under treatment have not
been investigated.

To the best of our knowledge, our study is the first to
describe the utility of UPCR for the assessment of proteinu-
ria in patients treated with lenvatinib in actual clinical prac-
tice. Our study revealed that two-thirds of urine samples that
test as 3 +in dipstick tests show less than CTCAE grade 3
proteinuria with UPCR. Hence, combination of qualitative
and quantitative tests is likely to be significantly more mean-
ingful in real practice than just using the urinary dipstick
test for facilitating proper dose adjustment and obtaining
maximum efficacy of lenvatinib. In conclusion, urinalysis by
combination of the dipstick test and UPCR might be a better
strategy for avoiding unnecessary interruption of treatment
in thyroid cancer patients treated with lenvatinib.
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