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Abstract. Proteinuria is a dose‑limiting adverse effect of 
ramucirumab treatment, which is an anti‑angiogenic agent 
that targets the human vascular endothelial growth factor. The 
predictors of proteinuria have not been completely elucidated 
and there is currently no consensus. The present study aimed to 
identify the risk factors for ramucirumab‑induced proteinuria 
and to determine an optimal proteinuria management. A total 
of 145 patients who received ramucirumab at Ogaki Municipal 
Hospital (Ogaki, Japan) between September 2015 and March 
2021 were retrospectively studied. Multivariate logistic regres‑
sion analysis was conducted to evaluate the association between 
the patient baseline characteristics and the development of 
proteinuria following ramucirumab treatment. Furthermore, 
the time of proteinuria onset and of the worst qualitative 
proteinuria were recorded. Proteinuria (>2+) following ramu‑
cirumab was independently associated with lung cancer [odd 
ratio (OR): 0.232, 95% confidence interval (CI): 0.061‑0.874; 
P=0.031] and proteinuria at the start of treatment [qualitative 
test (+/‑); OR: 4.760, 95% CI: 1.360‑16.700; P=0.041]. The 
median time of onset of proteinuria was 56 days (time range, 
7‑414 days), and the median time when the worst qualitative 
results were observed was 83 days (time range, 7‑442 days). The 
>2+ proteinuria in the qualitative test was observed in 27 out 
of the 82 patients with gastric cancer (P=0.041), 8/21 patients 
with colon cancer (P=0.188), and in 3 out of the 37 patients with 
lung cancer (P=0.003). The prevalence of proteinuria was low 
in patients with lung cancer, and proteinuria (>2+) was likely to 
occur when the proteinuria at the start of ramucirumab was (+/‑) 
by qualitative test. The results from the present study indicated 
that particular attention should be paid to proteinuria at the start 
of treatment when monitoring proteinuria as an adverse event of 
ramucirumab treatment.

Introduction

Ramucirumab, which is an anti‑angiogenic agent that targets 
the human vascular endothelial growth factor (VEGF) pathway, 
significantly improves the overall and progression‑free survival 
in patients with colorectal, lung and gastric cancers (1‑3). The 
use of ramucirumab is generally associated with hypertension, 
proteinuria and gastrointestinal bleeding (1‑3). The develop‑
ment of angiogenesis inhibitor‑induced proteinuria limits the 
dose of ramucirumab, and proteinuria of level >2+ may lead to 
withdrawal or discontinuation of the drug, which can therefore 
reduce the efficacy of the treatment (4). If the qualitative test 
is ≥2+, a quantitative test will be performed. Proteinuria (>2+) 
indicates that the protein is ≥100 mg/dl.

Recently, various risk factors for proteinuria have been 
reported, including bevacizumab administration history (5), 
bevacizumab dose (>570 mg) (6), high systolic blood pressure 
(SBP; ≥130 mmHg) (7) and history of proteinuria (8). However, 
the predictors of proteinuria have not been completely eluci‑
dated and there is no consensus in this regard. Previous studies 
have reported the use of anti‑VEGF antibody drugs, including 
bevacizumab or ramucirumab, in advanced colorectal cancer, 
and few studies have examined the differences in the develop‑
ment of proteinuria based on the type of cancer (5‑8).

Identifying the predictors of proteinuria may help guiding 
future strategies for improving drug safety. Compared with 
placebo, East Asian (EA) and non‑EA patients treated with 
ramucirumab had increased grade 3 or higher adverse effects 
(AEs), including hypertension and proteinuria (9). If grade 3 
or higher AEs were observed, treatment was withdrawn. The 
incidence of grade 3 or higher proteinuria was 3.9 vs. 0.6% in 
EA vs. non‑EA patients, respectively. It is therefore crucial to 
examine the risk factors for proteinuria in Japanese patients 
treated with ramucirumab.

The present study aimed to identify the risk factors for 
ramucirumab‑induced proteinuria, and to determine an optimal 
proteinuria management. This study focused on the results of 
a qualitative test for proteinuria, as this test is simple and can 
be used as a reference before initiating ramucirumab treatment.

Materials and methods

Patients. We retrospectively included 189 patients who 
received ramucirumab at Ogaki Municipal Hospital (Ogaki, 
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Japan) between September 2015 and March 2021 for gastric, 
colorectal, lung, liver, and esophagogastric junction cancer. 
We excluded 44 patients according to the following criteria: 
Patients who completed only one course of treatment; patients 
of whom urinary protein was not measured; or patients for 
whom urinary protein was detected at the start of ramuci‑
rumab administration. Therefore, 145 patients were included 
in the present study (Fig. 1). The patient characteristics were 
extracted from anonymized patient records. The study's retro‑
spective protocol was approved by the institutional review 
board of Ogaki Municipal Hospital (Ogaki, Japan; approval 
no. 20210826‑9), and the requirement for informed consent 
was waived based on the study's retrospective nature. This 
study was performed in accordance with the ethical standards 
of the 1964 Declaration of Helsinki and its later amendments.

Outcome. The primary outcome was defined as an occurrence 
of >2+ proteinuria according to the results of qualitative tests 
for proteinuria. Data from the first instance of the event (the 
highest level of proteinuria) were adopted. The qualitative test 
for urine protein used a test paper (measurement error caused 
by pH change). The qualitative test (1+) indicated protein levels 
of 30 mg/dl, the qualitative test (2+) indicated protein levels of 
100 mg/dl and the qualitative test (3+) indicated protein levels 
of 300 mg.

Management of proteinuria. Ramucirumab was adminis‑
tered if the qualitative test result was <1+. In the case of 2+ 
proteinuria, the decision on ramucirumab administration was 
determined based on the patient's symptoms such as edema 
or weight gain, and condition such as presence or absence of 
hypoalbuminemia. A quantitative test was also performed. A 
24‑h whole urine test was desirable in the quantitative test; 
however, the urine protein/creatinine ratio was determined if 
the above was not possible. The urine protein/creatinine ratio 
is nearly equal to the daily urinary protein excretion (g/day). If 
the urine protein was <2 g/day, ramucirumab was continued. 
If the urine protein was between 2 and 3 g, ramucirumab was 
withdrawn. Administration of ramucirumab was discontinued 
if the urine protein was >3 g/day or if nephrotic syndrome 
occurred.

Risk factors for proteinuria. using electronic medical 
records, demographic data [sex, age, height, body weight 
and body mass index (BMI)], indications for cancer (type of 
cancer and presence of any metastasis), presence of comor‑
bidities (hypertension and diabetes mellitus), laboratory data 
(aspartate aminotransferase, alanine aminotransferase, total 
bilirubin, serum creatinine, serum sodium, serum chlorine, 
serum potassium), chemotherapy regimen (fluorouracil‑based 
and platinum‑based), vital signs [SBP and diastolic blood 
pressure (DBP)], bevacizumab or cisplatin administration 
history, chemotherapy treatment period before ramucirumab 
administration, ramucirumab administration period, protein‑
uria at the start of ramucirumab (+/‑) and administration 
course were collected. The presence of hypertension was 
assessed based on whether antihypertensive drugs were 
prescribed. Clinical information was collected from the 
initial administration of ramucirumab until the end of the 
treatment.

Proteinuria occurrence during ramucirumab treatment. The 
incidence of proteinuria after starting ramucirumab treat‑
ment was recorded for each type of cancer. Furthermore, the 
onset time and time point with the highest level of proteinuria 
according to the results of qualitative tests after ramucirumab 
administration were recorded.

Relationship between proteinuria onset date and qualitative 
test results (1+‑3+). The date of onset of proteinuria and the 
highest level or the first level at onset of proteinuria [qualita‑
tive test results (1+‑3+)] during ramucirumab administration 
were recorded.

Statistical analysis. Differences between patient groups 
were evaluated using the Mann‑Whitney u‑test or fisher's 
exact probability test, as appropriate. univariate analyses 
were performed to evaluate the relationship between patients' 
baseline characteristics and the development of proteinuria. 
Significant variables and previously reported risk factors were 
entered into a multivariate logistic regression model. Optimal 
cut‑off values for the significant variables were determined 
based on receiver operating characteristic (ROC) curve anal‑
yses. Spearman's correlation coefficient by rank test was used 
to analyze the correlation between the proteinuria onset date 
and the highest level of proteinuria [qualitative test results, 
(1+)‑(3+)]. P<0.05 was considered to indicate a statistically 
significant difference. All analyses were performed using EZR 
software (version 1.30; Saitama Medical Center, Jichi Medical 
university, Saitama, Japan), which is a graphical user interface 
for R software (The R Foundation for Statistical Computing, 
Vienna, Austria) (10).

Results

Patient characteristics. Patients were grouped according to 
their proteinuria results (2+ or higher) during ramucirumab 
administration. The patient's characteristics are summarized 
in Table I. Ramucirumab treatment lines (order of treatment) 
by cancer type were as follows: Gastric cancer, 2nd line 
(range, lines 1‑4); colon cancer, 3rd line (range, lines 2‑4); lung 
cancer, 3rd line (range, lines 1‑5); and others, 2nd line (range, 
lines 2‑3). The duration of ramucirumab administration by 

Figure 1. Flow chart of patient selection.
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Figure 2. Area under ROC curves for age, height, weight, body mass index, albumin level and aspartate aminotransferase level. ROC, receiver operating 
characteristic.

Figure 3. Area under ROC curves for alanine aminotransferase level, total bilirubin level, serum creatinine level, blood urea nitrogen level, serum sodium level 
and serum chlorine level. ROC, receiver operating characteristic.
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Table I. Clinicopathological characteristics of the patients.

Characteristics No proteinuria (n=107) Proteinuria (≥2+) (n=38) P‑value

Demographic data   
  Age, years, median (range) 69 (35‑83) 69 (39‑81) 0.755
Sex, male/female, n 76/31 23/15 0.232
  Height, cm, median (range) 162 (142‑185) 162 (146‑179) 0.984
  Weight, kg, median (range) 52 (27‑86) 50 (35‑101) 0.453
  Body mass index, kg/m2, median (range) 19.9 (11.7‑29.1) 19.2 (14.5‑31.5) 0.462
Comorbidity, n   
  Hypertension 30   6 0.133
  Diabetes mellitus 11   6 0.364
Disease status, n   
  Recurrent/unresectable 34/73 16/22 0.249
Cancer type, n   
  Lung 34   3 0.004a

  Gastric 55 27 0.036a

  Colorectal 14   8 0.239
  Others   4   0 0.227
Regimen, n   
  Paclitaxel plus ramucirumab 56   3 <0.001a

  Docetaxel plus ramucirumab 34 27 <0.001a

  fOLfIRIb plus ramucirumab 14   8 0.239
  Ramucirumab   3   0 0.297
Vital signs before administration   
  SBP, mmHg, median (range) 120 (81‑160) 126 (91‑168) 0.098
  DBP, mmHg, median (range)   70 (45‑106) 74 (53‑97) 0.416
Laboratory test values before chemotherapy   
  Aspartate aminotransferase, Iu/l 25 (11‑132) 23.5 (11‑61) 0.118
  Alanine aminotransferase, Iu/l 17 (6‑130) 15.5 (6‑71) 0.195
  Serum creatinine, mg/dl 0.73 (0.36‑1.6) 0.76 (0.5‑1.89) 0.510
  Total bilirubin, mg/dl 0.5 (0.2‑1.6) 0.5 (0.3‑1.5) 0.417
  Albumin, g/dl 3.7 (1.8‑5.0) 3.7 (2.7‑4.2) 0.973
  Serum sodium, mEq/l 139 (125‑144) 140 (134‑144) 0.268
  Serum chlorine, mEq/l 105 (92‑114) 106 (98‑111) 0.136
  Serum potassium, mEq/l 4.2 (3.0‑6.0) 4.1 (3.3‑5.4) 0.666
  Blood urea nitrogen, mg/dl 13.6 (5.4‑30.6) 13.6 (4.0‑29.3) 0.545
Metastatic site, n   
  Liver 32   6 0.011a

  Lung   9   4 0.893
  Lymph node 32 12 0.383
  Peritoneal   4 17 <0.001a

  Bone   7   2 0.499
  Brain   6   1 0.293
  Others 10   6 0.646
Administration history, n   
  Bevacizumab  12   8 0.130
  Cisplatin  61 24 0.509
Treatment period   
  Chemotherapy treatment period before ramucirumab 246 (0‑1891) 272.5 (0‑1673) 0.707
  administration, days median (range)
  Ramucirumab administration period, days,  119 (14‑1479) 188.5 (35‑910) 0.004a

  median (range)
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cancer type was as follows: Gastric cancer, 143 days (range, 
14‑910 days); colon cancer, 158 days (range, 21‑1479 days); lung 
cancer, 114 days (range, 15‑472 days); and others, 144 days 
(range, 27‑166 days). Patients with lung cancer (114 days) had a 
significantly shorter ramucirumab administration period than 
patients with other types of cancer (154 days) (P=0.043).

Development of proteinuria according to ramucirumab treat‑
ment. Patients were grouped according to whether they did or 
did not develop proteinuria (38 and 107 patients, respectively). 
Proteinuria was observed in 37 out of the 82 patients with 
gastric cancer, 12 out of the 22 patients with colon cancer, 7 
out of the 37 patients with lung cancer and in 1 out of the 
4 patients with other types of cancer. A score of ≥2+ for 
proteinuria was observed in 27 out of the 82 patients with 
gastric cancer (P=0.041), in 8 out of the 22 colon patients 
with cancers (P=0.188), in 3 out of the 37 patients with lung 
cancer (P=0.003) and in 0 out of the 4 patients with other 
types of cancer (P=0.292; Table II). The onset of proteinuria 
was observed in a median of 56 days (range, 7‑414 days) and 
the worst qualitative results were observed in 83 days (range, 
7‑442 days).

Risk factors for proteinuria after ramucirumab treatment. 
Tables III and IV show the results of the univariate and multi‑
variate logistic regression analyses regarding the risk factors 
for the development of proteinuria following ramucirumab 
treatment. Proteinuria was independently associated with lung 
cancer [odds ratio (OR): 0.232, 95% confidence interval (CI): 
0.061‑0.874; P=0.031] and proteinuria at the start of treatment 
(+/‑; OR: 4.760, 95% CI: 1.360‑16.700; P=0.041).

According to the results from ROC curve analysis, the cut‑off 
value and the area under the ROC curves (95% CI) of certain 

factors were as follows: Age, 73 years, 0.494 (0.383‑0.605); 
height, 168 cm 0.497 (0.387‑0.608); weight, 44 kg, 0.545 
(0.433‑0.657); BMI, 18.6 kg/m2, 0.545 (0.434‑0.656); albumin, 
3.2 g/dl, 0.506 (0.406‑0.606); aspartate aminotransferase, 
24 Iu/l, 0.585 (0.482‑0.688); alanine aminotransferase, 
28 Iu/l, 0.571 (0.465‑0.676); total bilirubin, 0.6 mg/dl, 0.537 
(0.426‑0.647); serum creatinine, 0.7 mg/dl, 0.547 (0.445‑0.649); 
blood urea nitrogen, 18.4 mg/dl, 0.468 (0.360‑0.576); serum 
sodium, 139 mEq/l, 0.577 (0.478‑0.676); serum chlorine, 
104 mEq/l, 0.591 (0.495‑0.686); serum potassium, 4.1 mEq/l, 
0.534 (0.428‑0.640); SBP, 128 mmHg, 0.607 (0.499‑0.715); 
chemotherapy treatment period before ramucirumab adminis‑
tration, 223 days, 0.504 (0.395‑0.612; figs. 2‑4).

Relationship between the time of onset of proteinuria and 
the qualitative test results (1+‑3+). The onset of proteinuria 
occurred early after ramucirumab administration. The like‑
lihood of proteinuria did not increase with the increased 
duration of the treatment. Fig. 5A shows that the proteinuria 
onset date and the highest level of proteinuria (qualitative 
test results, 1+‑3+) were not associated, based on the highest 
value observed during the ramucirumab administration period 
(correlation coefficient; rs=0.175, P=0.144). Similarly, fig. 5B 
shows that the proteinuria onset date and the proteinuria level 
at onset (qualitative test results, 1+‑3+) were not associated, 
based on the first value obtained during the ramucirumab 
administration period (rs=0.177, P=0.227).

Discussion

The present study aimed to identify risk factors for protein‑
uria induced by ramucirumab, and investigated whether there 
could be differences in the likelihood of proteinuria according 

Table II. Proteinuria according to cancer type in patients treated with ramucirumab.

 Number of patients with proteinuria, n (%)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Type of cancer Number Proteinuria Proteinuria (≥2+) P‑valuea

Gastric cancer 82 37 (45.1) 27 (32.9) 0.041b

Colorectal cancer 22 12 (54.5) 8 (36.3) 0.188
Lung cancer 37   7 (18.9) 3 (8.1) 0.003b

Others 4   1 (25.0) 0 0.292

aP‑value: Proteinuria (≥2+) vs. proteinuria (≤1+). bP<0.05.

Table I. Continued.

Characteristics No proteinuria (n=107) Proteinuria (≥2+) (n=38) P‑value

Others   
  Proteinuria at the start of ramucirumab (+/‑), yes/no, n 9/98 9/29 0.001a

  Number of cycles of ramucirumab, median (range) 4 (2‑20) 7 (2‑29) 0.014a

SBP, systolic blood pressure; DBP, diastolic blood pressure. aP<0.05. bfOLfIRI, combination of fluorouracil/leucovorin and irinotecan.
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Table III. univariate logistic regression analysis of the risk factors for ramucirumab‑related proteinuria.

factors Odds ratio 95% confidence interval P‑value

Age, years   
  >73 1.520 0.670‑3.440 0.317
Sex   
  Male 0.661 0.307‑1.430 0.292
Height, cm   
  >168 1.580 0.659‑3.780 0.305
Weight, kg   
  >44 0.523 0.227‑1.210 0.129
Body mass index, kg/m2   
  >18.6 0.527 0.249‑1.120 0.095
Albumin, g/dl    
  >3.2 3.140 0.884‑11.200 0.077
Aspartate aminotransferase, Iu/l   
  >24 0.777 0.372‑1.620 0.501
Alanine aminotransferase, Iu/l   
  >28 0.529 0.211‑1.330 0.175
Total bilirubin, mg/dl   
  >0.6 2.040 0.939‑4.410 0.072
Serum creatinine, mg/dl   
  >0.7 1.990 0.831‑4.780 0.122
Blood urea nitrogen, mg/dl   
  >18.4 1.290 0.530‑3.140 0.575
Serum sodium, mEq/l   
  >139.0 1.420 0.657‑3.060 0.373
Serum chlorine, mEq/l   
  >104 2.160 0.866‑5.380 0.098
Serum potassium, mEq/l   
  >4.1 0.753 0.357‑1.590 0.457
Systolic blood pressure, mmHg   
  >128 0.661 0.307‑1.430 0.292
Bevacizumab administration history   
  Yes 2.020 0.757‑5.400 0.160
Cisplatin administration history   
  Yes 1.180 0.557‑2.500 0.665
Chemotherapy treatment period before ramucirumab   
administration, days
  >223 1.320 0.626‑2.800 0.463
With diabetes   
  Yes 1.570 0.538‑4.580 0.409
Cancer type   
  Lung cancer 0.176 0.051‑0.614 0.006a

Proteinuria at the start of ramucirumab treatment (+/‑)   
  Yes 4.220 1.530‑11.700 0.006a

Taking antihypertensive drugs   
  Yes 0.581 0.231‑1.460 0.248

Results of univariate logistic regression analyses based on binary response model. aP<0.05.
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to the type of cancer. The results demonstrated that the type 
of cancer (lung cancer) and urinary protein levels (+/‑) at the 
start of ramucirumab therapy were associated with proteinuria 
(≥2+) in patients with cancer treated with ramucirumab. In 
clinical practice, the incidence of proteinuria is low in the case 
of lung cancer, and >2+ proteinuria is likely to occur when the 
proteinuria at the start of ramucirumab is +/‑. In the present 
study, we observed that the possibility of proteinuria was not 
related to bevacizumab administration history, co‑adminis‑
tration of paclitaxel with ramucirumab, or SBP at the start of 
ramucirumab treatment.

Previous studies reported the risk factors for ramu‑
cirumab‑induced proteinuria, including bevacizumab 
administration history, cumulative bevacizumab dose, high 

SBP, and history of proteinuria (5‑8). Although a relationship 
between bevacizumab administration history and proteinuria 
was reported by Tanaka et al (5) and Kobayashi et al (8), 
such relationship was not demonstrated in the present study. 
Differences in the types of cancer studied and the number 
of patients treated with bevacizumab may have led to the 
lack of agreement with these two studies. The study by 
Kobayashi et al (8) was limited to patients with advanced 
colorectal cancer.

Based on the results from the present study, it was not 
possible to determine whether bevacizumab administration 
history had an effect on proteinuria, because proteinuria 
was highly prevalent in patients with gastric cancer and in 
patients with colorectal cancer with a history of bevacizumab 

Table IV. Multivariate logistic regression analysis of the risk factors for ramucirumab‑related proteinuria (≥2+).

factors Odds ratio 95% confidence interval P‑value

Bevacizumab administration history   
  Yes 1.450 0.440‑4.770 0.541
Cancer type   
  Lung cancer 0.232 0.061‑0.874 0.031a

Proteinuria at the start of ramucirumab treatment (+/‑)   
  Yes 4.760 1.360‑16.700 0.041a

Systolic blood pressure, mmHg   
  >128 1.920 0.806‑4.590 0.141
Antihypertensive drugs   
  Yes 0.556 0.180‑1.710 0.306
Body mass index, kg/m2   
  >18.6 0.720 0.301‑1.720 0.460
Albumin, g/dl   
  >3.2 3.470 0.884‑13.600 0.075
Diabetes   
  Yes 1.840 0.547‑6.200 0.324

Results of multivariate logistic regression analysis based on binary response model for variables extracted by forward selection. aP<0.05.

Figure 4. Area under ROC curves for serum potassium level, systolic blood pressure and chemotherapy treatment period before ramucirumab administration. 
ROC, receiver operating characteristic.
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administration. Cisplatin is often used in patients with gastric 
cancer. Therefore, it was predicted that impaired renal func‑
tion would affect proteinuria, but no such effect was observed 
in the present study. This may be due to hydration status and 
renal protection during cisplatin administration. The simulta‑
neous use of paclitaxel and ramucirumab has been reported 
as a risk factor for decreased renal function (11,12). Therefore, 
proteinuria is likely to occur upon administering paclitaxel 
with ramucirumab. However, in the present study, the combi‑
nation of paclitaxel with ramucirumab in patients with gastric 
cancer was not identified as a risk factor for proteinuria.

It has been reported that the total dose of bevacizumab is 
a risk factor for proteinuria (6,13). The target drugs evaluated 
by Kanbayashi et al (13) were bevacizumab, ramucirumab and 
aflibercept, which may be a factor contributing to this obser‑
vation. However, despite drug differences, the total dose was 
not a risk factor in the present study. It was also clear from 
the onset time that the proteinuria was not related to the total 
dose of the drug. Proteinuria is often induced early during 
ramucirumab treatment, as reported by Kobayashi et al (8) as 
well. In agreement with the above, proteinuria induction and 
worst grade proteinuria were observed from an early stage in 
the present study. However, the onset of proteinuria was also 
observed late after ramucirumab administration in some cases.

SBP has been reported to be a risk factor for protein‑
uria (6,7,13,14), although it was not identified as a risk 
factor in the present study. There was no difference in 
SBP between patients with and without proteinuria. This 

may have been influenced by the difference in the target 
drugs. In the present study, we did not collect data on the 
types of antihypertensive agents used, which may have 
affected the results. However, in agreement with our study, 
Hirai et al (15) did not identify SBP as a risk factor for 
proteinuria (15).

Kobayashi et al (8) listed history of proteinuria as a risk 
factor of proteinuria. However, this study was conducted in 
patients with colorectal cancer. In the present study, protein‑
uria status of +/‑ at the start of ramucirumab treatment 
was demonstrated to be a risk factor for >2+ proteinuria. 
Subsequently, it can be hypothesized that patients who already 
have proteinuria at the start of ramucirumab may be at high 
risk of exacerbation.

Hirai et al (15) reported that colorectal cancer is a risk factor 
for proteinuria in ramucirumab‑ and bevacizumab‑treated 
patients. In the present study, colorectal cancer was not identi‑
fied as a risk factor of proteinuria, and lung cancer was shown to 
reduce the risk of proteinuria. The incidence of proteinuria was 
also high in patients with gastric cancer. However, it has been 
reported that the incidence of proteinuria is high in patients 
with lung cancer. In the RELAY study where erlotinib plus 
ramucirumab was investigated (2), the incidence of proteinuria 
was 33.9 vs. 8.4% (erlotinib plus ramucirumab groups vs. 
untreated groups), which was higher than that for other types 
of cancer, as reported by the RAINBOW study that evaluated 
gastric cancer (3) (16.5 vs. 6.1%) and compared the ramuci‑
rumab‑treated vs. untreated groups. Such a high proteinuria rate 
may be attributed to the fact that the RELAY study evaluated 
the drug as 1st line therapy and that the treatment period was 
long. In the present study, ramucirumab was evaluated as the 
median 3rd line of treatment in patients with lung cancer. The 
median onset time was 165.5 days. However, it should be noted 
that in the present study, the dose used was 10 mg/kg every 
2 weeks, which is higher than the dose used in clinical practice. 
In the current study, lung cancer was associated with a reduced 
risk of proteinuria. The ramucirumab dose in patients with lung 
cancer was 10 mg/kg every 3 weeks, whereas it was 8 mg/kg 
every 2 weeks in patients with gastric cancer and colon cancer. 
The low risk of proteinuria in patients with lung cancer may 
have been due to the difference in ramucirumab dose or due to 
the short duration of ramucirumab administration.

There are numerous reports on the relationship between 
obesity and proteinuria (16‑18). Hirai et al (15) reported a 
BMI ≥24 as a risk factor. However, BMI was not a risk factor 
in the present study. Furthermore, there was no difference 
in BMI between patients with and without proteinuria. It is 
possible that BMI ≥24 could not be detected as a risk factor 
because the incidence of obesity in the current study was low 
[23/145 (15.8%)]. Rosenstock et al (17) reported that diabetic 
patients have a significantly higher prevalence of proteinuria 
and albuminuria than non‑diabetic patients, although in that 
study, the BMI of diabetic patients was not different from that 
of non‑diabetic patients.

Proteinuria has been reported to have a poor prog‑
nosis (19,20). In the present study, proteinuria induction was 
not related to prognosis (data not shown). The reason for 
this remains unclear, and additional patient characteristics 
may potentially serve crucial roles in the development of 
proteinuria.

Figure 5. Relationship between the proteinuria onset date and the highest 
level of proteinuria [qualitative test results (1+‑3+)]. (A) Proteinuria onset date 
and highest proteinuria level [qualitative test results (1+‑3+)]. (B) Proteinuria 
onset date and first proteinuria level [qualitative test results (1+‑3+)].
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The following points can be considered as future strategies 
for improving safety. A 24‑h whole urine test using livestock 
urine is desirable for proteinuria testing, although this test is 
often difficult to perform in all cases. In addition, in the case 
of a 2+ result in the qualitative test, performing a quantitative 
test later may lead to a time lag. Proteinuria is observed from 
the early stage of ramucirumab treatment. Therefore, if the 
urinary protein at the start of treatment is +/‑in a qualitative 
test, a quantitative test should be performed at an early stage. 
In addition, patients who already have proteinuria at the start 
of ramucirumab are more likely to discontinue treatment due 
to severe proteinuria, thus this should be taken into account 
when deciding on the anticancer drug to choose.

One limitation of the present study is that the findings are 
only preliminary and need to be confirmed in larger random‑
ized controlled trials. In addition, urinary protein was assessed 
using a qualitative rather than a quantitative test. It is possible 
that the drug may not be withdrawn in clinical practice in 
all cases. However, because qualitative studies can predict 
proteinuria induction after ramucirumab initiation, the current 
findings could be applied to formulate anti‑angiogenic treat‑
ment strategies with improved safety and efficacy. This would 
also help to improve the patient's quality of life.

In summary, it is crucial to respond to the onset of 
proteinuria from an early stage to ensure that ramucirumab 
therapy can be continued. Physicians and pharmacists should 
pay particular attention to proteinuria at the start of treatment 
when monitoring proteinuria as a side effect of ramucirumab 
treatment.
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