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Bevacizumab Increases Risk for Severe Proteinuria in
Cancer Patients
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ABSTRACT

Treatment with the chemotherapeutic agent bevacizumab, a humanized mAb that neutralizes vascular
endothelial growth factor, can lead to proteinuria and renal damage. The risk factors and clinical
outcomes of renal adverse events are not well understood. We performed a systematic review and
meta-analysis of published randomized, controlled trials to assess the overall risk for severe proteinuria
with bevacizumab. We analyzed data from 16 studies comprising 12,268 patients with a variety of
tumors. The incidence of high-grade (grade 3 or 4) proteinuria with bevacizumab was 2.2% (95%
confidence interval [C] 1.2 to 4.3%). Compared with chemotherapy alone, bevacizumab combined with
chemotherapy significantly increased the risk for high-grade proteinuria (relative risk 4.79; 95% CI 2.71
to 8.46) and nephrotic syndrome (relative risk 7.78; 95% Cl 1.80 to 33.62); higher dosages of bevaci-
zumab associated with increased risk for proteinuria. Regarding tumor type, renal cell carcinoma
associated with the highest risk (cumulative incidence 10.2%). We did not detect a significant difference
between platinum- and non-platinum-based concurrent chemotherapy with regard to risk for high-grade
proteinuria (P = 0.39). In conclusion, the addition of bevacizumab to chemotherapy significantly in-

creases the risk for high-grade proteinuria and nephrotic syndrome.
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Tumor angiogenesis mediated by vascular endothe-
lial growth factor (VEGF) plays a critical role in
tumor growth, invasion, and metastasis.'-> Target-
ing the VEGF signaling pathway has become an im-
portant approach to current cancer therapy.>* Bev-
acizumab (Avastin; Genentech, South San Francisco,
CA), a humanized mADb that neutralizes VEGF, has
been approved for the treatment of many advanced
cancers, including colorectal cancer (CRC), non—
small cell lung cancer (NSCLC), breast cancer, renal
cell carcinoma (RCC), and glioblastoma multi-
forme.>

Addition of bevacizumab to chemotherapy in-
creased the risk for proteinuria in comparison with
chemotherapy alone, as shown by our meta-analy-
sis based on a total of 1850 patients from seven ran-
domized, controlled trials (RCTs).¢ We previously
demonstrated that relative risks (RRs) for all-grade
proteinuria for patients who were administered be-
vacizumab at 2.5 and 5.0 mg/kg per wk were 1.4
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(95% confidence interval [CI] 1.1 to 1.7; P << 0.001)
and 2.2 (95% CI 1.6 t0 2.9; P < 0.001), respectively;
however, the effect of bevacizumab on the develop-
ment of severe proteinuria remains unclear.

Severe proteinuria including nephrotic syn-
drome may cause significant morbidity with a pos-
sible consequence of renal failure and fatality. In-
deed, among seven of 1459 patients with nephrotic
syndrome from bevacizumab treatment in clinical
studies, one patient died, one required dialysis, and
two had persistent nephrotic proteinuria even after
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discontinuation of bevacizumab.® Severe proteinuria may also
limit the use of bevacizumab, thereby compromising its effi-
cacy. It is recommended to suspend bevacizumab temporarily
for proteinuria =2 g/24 h and to discontinue bevacizumab for
nephrotic syndrome. The incidences of high-grade proteinuria
(grade 3 or above: urine protein =3.5 g/24 h or dipstick =4+
or nephrotic syndrome) in patients who received bevacizumab
varied considerably among clinical trials, ranging from 0.6% in
a CRC study” to 19.7% in an RCC study.® In addition, risk
factors for high-grade proteinuria underlying the variation
have not been defined. Because of the limitation with an indi-
vidual trial in patient number and tumor type, we therefore
conducted a systematic review and meta-analysis to evaluate
the overall risk and risk factors of high-grade proteinuria with
bevacizumab.

RESULTS

Search Results

Our literature search yielded 379 potentially relevant clinical
studies of bevacizumab. A total of 16 RCTs were selected for
the purpose of analysis (Figure 1). These trials include two
phase IT and 14 phase III studies, and their characteristics are
listed in Table 1. Two RCT's were excluded because of a lack of
data for high-grade proteinuria, even though all-grade data
were available.*!0

379 Potentially relevant articles

339 Excluded

36 Phase Il trials, Single arm
58 case reports

167 Reviews

25 Phase | trials

4 Observational Studies

5 Commentaries

26 letters to editor

18 Meta-analysis

A4

40 RCTS of bevacizumab therapy retrieved
and considered for exclusion

24 Excluded

»| 17 Both Control and treatment groups received
bevacizumab
7 data not adequate for hypertension

A4

16 RCTs Included in analysis
2 Phase Il
14 Phase Il

Figure 1. Selection process for RCTs included in the meta-anal-
ysis.
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Study Quality

Randomized treatment allocation sequences were generated in
all trials. Six trials were double blinded and placebo con-
trolled,!'-1¢ two trials had placebo as controls,”!7 and the rest
of the trials had active treatment control. High-grade protein-
uria as the primary outcome of the study was assessed and
recorded systematically according to National Cancer Insti-
tute’s common toxicity criteria version 2 or 3 used in the pro-
tocols of these selected clinical trials. Version 2 was used in six
trials,17-22 version 3 was used in six trials,”-811:1516:23 and the
rest of the trials did not specify. The quality of all of the trials
was acceptable.

Publication Bias
No publication bias was detected for the primary end point of
this study (RR of high-grade proteinuria) by Begg test (P =
0.41, one-tailed).

Patients

A total of 12,268 patients from 16 RCTs (bevacizumab 6482;
control 5786) were included for analysis. Proteinuria was not
listed as a baseline characteristic in any of these patients. The
baseline Eastern Cooperative Oncology Group status for most
of the patients was between 0 and 1. Patients were required to
have adequate hepatic, renal, and hematologic function. Base-
line renal function was not uniformly defined and included
“normal,” “adequate,” and “serum Cr <1.8 or 2.0 mg/dl.” The
exclusion criteria for these studies included the following con-
ditions: Significant cardiovascular disease, peripheral vascular
disease, uncontrolled hypertension, serious nonhealing wounds, ma-
jor surgery within previous 28 days, preexisting bleeding dia-
thesis, brain metastasis, regularly used aspirin (>325 mg/d) or
nonsteroidal anti-inflammatory drugs, pregnant or lactating
women, and taking oral or parenteral anticoagulants with the
exception of prophylactic anticoagulants to maintain patency
of vascular device access. Underlying malignancies included
CRC (six studies), NSCLC (two studies), breast cancer (three
studies), pancreatic cancer (two studies), RCC (two studies),
and malignant mesothelioma (one study). In all trials, patients
were randomly assigned to either a control group with chemo-
therapy alone or a test group with the combination of bevaci-
zumab and chemotherapy. Two studies had a design of three
arms: One arm as a control and two arms as a test for different
dosage levels of bevacizumab.!4!>

Risk for All-Grade Proteinuria

A total of 1355 patients from five RCTs with available data were
included for analysis.!-16:17:19.21 Among patients who were ad-
ministered bevacizumab, meta-analysis revealed that the sum-
mary event rate of all-grade proteinuria was 13.3% (95% CI 7.7
to 22.1%) using a random-effects model (heterogeneity: Q =
58.395, I> = 93.15, P < 0.001). For patients with non-RCC
cancers, the summary event rate was 11.9% (95% CI 5.4 to
24.2); there was no significant difference between patients with
and without RCC (P = 0.327).
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We also calculated the RR for all-grade proteinuria from
these studies. Using a random-effects model (heterogeneity:
Q = 26.766, I*> = 85.055, P < 0.005), the summary RR with
bevacizumab was 2.79 (95% CI 1.31 to 5.95, P < 0.001) in
comparison with control subjects, suggesting a significantly
increased risk for all-grade proteinuria with bevacizumab.

Incidence of High-Grade Proteinuria

High-grade proteinuria is the primary end point of this study,
and all of the included RCTs had available data. This encom-
passed a total of 16 RCT's with 6482 patients who received the
treatment of bevacizumab in combination with chemother-
apy. Using a random-effects model (heterogeneity: Q =
252.068, I> = 94.049, P < 0.001), the summary incidence of
high-grade proteinuria was 2.2% (95% CI 1.2 to 4.3%), as
shown in Table 2.

Only six studies reported grades 3 and 4 proteinuria sepa-
rately.®1518:20.21.22 The incidence of grade 4 proteinuria (ne-
phrotic syndrome) was 0.8% (95% CI 0.4 to 1.8%) among
2333 patients who received bevacizumab, according to the ran-
dom-effects model (heterogeneity: Q = 11.3, I?=55.752,P =
0.046).

Relative Risk for High-Grade Proteinuria
The observed incidence of high-grade proteinuria in patients
who received bevacizumab may be attributable to risk factors
such as diabetes, medications, or other underlying diseases. To
assess the specific contribution of bevacizumab to the develop-
ment of high-grade proteinuria and to exclude the influence of
confounding factors, we calculated the overall RR for high-
grade proteinuria from the trials in which the combination of
bevacizumab and chemotherapy was compared with chemo-
therapy alone. On the basis of these 16 RCTs including 12,268
patients (bevacizumab 6482, control 5786), the summary RR
of bevacizumab plus chemotherapy versus chemotherapy
alone was 4.79 (95% CI 2.71 to 8.46; P < 0.001) using a ran-
dom-effects model (Figure 2A), suggesting that the addition of
bevacizumab to chemotherapy significantly increased the risk
for high-grade proteinuria as high as 4.79-fold in comparison
with chemotherapy alone.

We also determined the RR for nephrotic syndrome with

bevacizumab. RR was not calculable for two trials because
no events were reported for either the bevacizumab or the
control group.'®2! On the basis of four RCTs with available
data,? 152022 the RR for bevacizumab plus chemotherapy ver-
sus chemotherapy alone was 7.78 (95% CI 1.80 to 33.62; P =
0.006) according to the fixed-effects model (heterogeneity:
Q = 0.48,1> < 0.001, P = 0.923), suggesting that bevacizumab
may significantly increase the risk for nephrotic syndrome.

High-Grade Proteinuria and Bevacizumab Dosage

To explore the underlying causes of heterogeneity of the in-
cluded studies, we examined the relationship between the dos-
age of bevacizumab and the risk for developing high-grade
proteinuria (Figure 2). Among 3324 patients who were treated
with low-dosage bevacizumab (2.5 mg/kg per wk) from seven
trials, the incidence of high-grade proteinuria was 1.2% (95%
CI 0.3 to 4.7%); among 2908 patients who were treated with
high-dosage bevacizumab (5.0 mg/kg per wk) from 10 trials,
the incidence was 3.0% (95% CI 1.5 to 5.7%). In addition,
bevacizumab significantly increased the risk for high-grade
proteinuria with an RR 0f2.62 (95% CI 1.61 to 4.28; P < 0.001)
at the low dosage and an RR 0f 8.56 (95% CI 4.09 to 17.92; P <
0.001) at the high dosage. Comparison between the low and
high dosages of bevacizumab in RR for high-grade proteinuria
showed a significant difference (P = 0.009), suggesting that the
risk may be dosage dependent.

High-Grade Proteinuria and Tumor Type
The risk for high-grade proteinuria may vary with tumor type
(Table 2). There was significant heterogeneity in the incidence
of high-grade proteinuria among tumor types (Q = 82.791,
P <0.001), suggesting that the absolute risk varied with tumor
type. The highest incidence was observed for RCC (11.9%;
95% CI 9.7 to 14.7%), and the lowest incidence was seen for
NSCLC (2.1%; 95% CI 1.3 to 3.3%). Overall, the incidence of
high-grade proteinuria for non-RCC was 3.5% (95% CI 2.9 to
4.5%); there was a significant difference between RCC and
non-RCC (P < 0.001).

There was a corresponding significant heterogeneity in the
RR for high-grade proteinuria among tumors (P = 0.016),
suggesting RR variation with tumor type. The highest RR was

Table 2. Incidence and RR for high-grade proteinuria with bevacizumab according to dosages and tumor types

) No. of Bevacizumab Control )

Categories Studies (Events/Sample Size) (Events/Sample Size) IUEEERED (f (o Gl it iAo @)
Overall 16 186/6482 24/5786 2.2 (1.2t04.3) 4.79 (2.71 to 8.46)
2.5 mg/kg per wk 7 59/3324 19/3302 1.2(0.3t04.7) 2.62 (1.61 to 4.28)
5.0 mg/kg per wk 10 127/2908 5/2831 3.0(1.5t05.7) 8.56 (4.09 to 17.92)
CRC 6 53/2985 19/2973 1.4 (0.2 t0 7.6) 2.52 (1.54 to 4.15)
NSCLC 2 18/1086 0/767 1.6 (0.4 to 6.1) 12.59 (1.67 to 94.80)
RCC 2 78/703 9/653 10.2 (4.3 to 22.4) 48.76 (9.73 to 244.40)
Breast cancer 3 16/1091 0/794 1.1(0.2t05.2) 6.26 (1.11 to 35.46)
Pancreatic cancer 2 18/564 3/544 3.3(1.9to0 5.5) 4.44 (1.40to 14.11)
Malignant mesothelioma 1 3/53 1/55 5.7 (1.8t0 16.1) 3.11(0.33 to 29.0)

The incidence and RR were calculated from the trials included in this study by meta-analysis as described in the Concise Methods section.
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A RR of high-grade proteinuria with bevacizumab

Model Study name Statistics for inuria / Total

Risk Lower Upper
ratio limit  limit p-Value Bevacizumab Control

Risk ratio and 95%CI

Alegra[23] 4006 1133 14164 0031 12/1354 3/135% —a
Escudier[11] 40607 2474666531 0000 22/337  0/304 —1—]
Gantanio[18] 4965 0.239 102968  0.300 2/287 0/285 L
Hurwitz[17] 1010 0205 4975 0990 3/393 3/397
Kabbinavar [19] 3.119 0.129 75670 0484 1/100 0/104 —
Karrison [12] 3113 0334 28996 0319 3/53 1/55 —
Kindler [13] 3516 0992 12459 0.051 11/268 3/257 I
Mies [14] 1410 0058 34473 0833  1/497  0/233
Miler05[21] 4696 0227 97253 0317  2/229  0/215 =
Miler07 [20] 25508 1528428965 0024 13/365  0/346 —
Price [42] 2369 1289 4354 0005 31/157 13/156 -
Reck [15] 5467 0303 98563 0.250 5/659 0/327 i
Rini [8] 53399 7432383650 0.000 56 /366 1/349 +T—
Saltz([7] 8754 0472162281 0.145 4/694 0/675
Sandler[22] 27.820 1659466517 0.021 131427 0/440
Van Cutsem [16]14545 0835253508 0066  7/29  0/287 1
Foed 3713 2465 5593 0000 186/6482 24/5786 <
Random 4785 2707 8457 0000 186/6482 24/5786 >
001 01 1 10 100
Control Bevacizumab

Test of heterogeneity: Q=19.989, p=0.172, P=24.959

Meta Analysis

B RR of high-grade proteinuria with bevacizumab 2.5 mg/kg/week

Model - Study name Statistics for

Risk Lower Upper
ratio limit  fimit pValue Bevacizumab Control

Proteinuria / Total Risk ratio and 95%Cl

Allegra [23] 4006 1133 14164 0031 12/1354 3/1356 —i
Hurwitz[17] 1010 0205 4975 0990  3/393 31397
Kabbinavar [19] 3.119 0129 75670 0484 1/100 0/104 L )
Price [42] 2369 1289 4354 0005 31/157 13/156 -
Reck [15] 2973 0122 72709 0504 1/330 0/327 .
Saltz[7] 8754 0472162281 0.145 4/694 0/675
Van Cutsem[16]14.545 0.835253.508  0.066 71296 0/287
Fixed 2620 1605 4279 0000 59/3324 19/3302
Random 2620 1605 4279 0000 59/3324 19/3302
0.01 01 1 10 100
Control Bevacizumab

Test of heterogeneity: Q=3.967, p=0.681, P<0.001
Meta Analysis

C RRof high-grade proteinuria with bevacizumab 5 mg/kg/week

Model  Study name Statistics for each study

Risk Lower Upper

Proteinuria / Total Risk ratio and 95%Cl

ratio limit limit  p-Value Bevacizumab Control
Escudier [11]40.607 2474 666.531 0009  22/337 0/304 —+—
Giantanio [18] 4965 0.239 102968  0.300 2/287 0/285 L
Kamison[12] 3.113 0334 289% 0319 3/53 1/55 ——
Kindler[13] 3516 0992 12459 0051  11/268 3/257 ——
Mies [14] 2831 0116 69.139 0523 11247 0/233 L
Miller05[21] 4696 0227 97253 0317 2/229 0/215 L
Mller07 [20] 25598 1528 428965 0024  13/365 0/346 ——
Reck[15] 9491 0513 175597  0.131 41329 0/347
Rini [8] 53399 7432383650 0000 56/366 11349
Sandler[22] 27.820 1659 466517  0.021 13/427 0/440
Fixed 8452 4088 17475 0000 127/2908 5/2831
Random 8558 4087 17917 0000 127/2908 5/2831
0.01 01 1 10 100
Control Bevacizumab

Test of heterogeneity: Q=9.180, p=0.421, P=1.958

Meta Analysis

Figure 2. RR for high-grade proteinuria with bevacizumab com-
pared with control. Both fixed- and random-effects models are
used to calculate RR. (A) Overall RR for high-grade proteinuria is
reported using the random-effects model. (B and C) Summary RRs
for high-grade proteinuria for patients who received bevacizumab
at 2.5 mg/kg per wk (B) or 5 mg/kg per wk (C) are reported using
the fixed-effects model. The incidence of high-grade proteinuria
is compared between patients who were treated with bevaci-
zumab in combination with chemotherapy (bevacizumab) and
chemotherapy alone (control) in each study. RR for each study is
displayed numerically on the left and graphically on the right.
Total events and sample sizes are also displayed for each study.
For study name, the first author’s name is used to represent each
trial. When the same first author is involved in two trials, the
publication year is also included to identify the trial. Reference
number for each study is listed in brackets. For each trial, the
position of the square denotes the value of RR, horizontal lines
represent 95% Cl, and diamond plot represents overall results of

J Am Soc Nephrol 21: eee —eee , 2010
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observed for RCC (48.76; 95% CI 9.73 to 244.40), and the
lowest was for CRC (2.52;95% CI 1.54 to 4.15). Overall, the RR
for non-RCC was 3.11 (95% CI 2.03 to 4.75). Comparison
between RCC and non-RCC again showed a significant differ-
ence (P = 0.001). Thus, RCC may be a risk factor for high-
grade proteinuria with bevacizumab.

There was also a significant heterogeneity (Q = 10.203, P =
0.017) in the incidences of nephrotic syndrome among tu-
mors, suggesting the risk varied with tumor type. The highest
risk was observed in patients with RCC (incidence 2.5% [95%
CI1.3t04.7%]; RR 18.12 [95% CI 1.06 to 310.15]; P = 0.046).

Risk for High-Grade Proteinuria and Platin-Based
Chemotherapy

The risk for bevacizumab-associated high-grade proteinuria
may vary with concurrent chemotherapeutic agents. To un-
derstand the influence of nephrotoxic drugs such as platins
(cisplatin, carboplatin, or oxaliplatin) on the occurrence of
high-grade proteinuria, we performed a subgroup risk analysis
stratified according to platinum- and non—platinum-based
chemotherapies. For platinum-based chemotherapy, the RR
for high-grade proteinuria with bevacizumab was 5.23 (95%
CI 2.17 to 12.57); for non—platinum-based chemotherapy, the
RR was 3.38 (95% CI 2.12 to 5.37). There was no significant
difference between platinum- and non—platinum-based che-
motherapies (P = 0.39).

Risk for High-Grade Proteinuria and Clinical Outcome
Because the development of high-grade proteinuria may re-
flect a biological activity of bevacizumab treatment, we further
explored the relationship between high-grade proteinuria and
clinical outcome such as progression-free survival (PFS) and
overall survival (OS). Bevacizumab significantly increased PFS
and OS for patients with NSCLC and CRC and significantly
increased PFS for patients with breast cancer and RCC but did
not improve PES or OS for patients with pancreatic cancer and
malignant mesothelioma. We performed a meta-regression
analysis between the overall risk for high-grade proteinuria
and PFES or OS for these studies. No significant correlation was
found between RRs for high-grade proteinuria and hazard ra-
tios of PES (P = 0.22). Similarly, we did not find any correla-
tion between RRs for high-grade proteinuria and OS (P =
0.58); therefore, the risk for high-grade proteinuria may not be
correlated with clinical outcome of bevacizumab-based treat-
ment at the study level.

DISCUSSION

Our study has demonstrated that bevacizumab in combination
with chemotherapy was associated with a significantly in-

the included trials. Low-dosage bevacizumab arm of one trial is
excluded from RR analysis because of zero events in the treat-
ment and control groups.™
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creased risk for high-grade proteinuria (RR 4.79; 95% CI 2.71
t0 8.46; P < 0.001) and nephrotic syndrome (RR 7.78; 95% CI:
1.80 to 33.62; P = 0.006) in comparison with chemotherapy
alone. The clinical significance of severe proteinuria is evident
because of its associated renal damage/cardiovascular risk and
interruption of bevacizumab therapy; therefore, it is particu-
larly important for physicians and patients to recognize the
risk with appropriate vigilance and management.

The development of high-grade proteinuria may be a class
effect of VEGF inhibitors. Other VEGF-signaling blockers in-
cluding axitinib, VEGF Trap, sorafenib, and sunitinib have
also been associated with severe proteinuria. The incidence of
high-grade proteinuria for axitinib was 5% in a Phase II study
involving 60 patients with advanced thyroid cancer.* In a
Phase I trial of 47 patients with a variety of solid tumors, high-
grade proteinuria was found to be a dosage-limiting toxicity
for VEGF Trap, and the incidence was 4.3%.2> Several cases of
nephrotic proteinuria have been reported in patients who were
treated with sorafenib or sunitinib.2¢:27

Proteinuria induced by VEGF inhibition may involve mul-
tiple pathways. VEGF is constitutively produced by podocytes
with a function of activating VEGF receptor 2 on glomerular
capillary endothelial cells, and its inhibition may cause a loss of
endothelial fenestrations and podocytes and reduced prolifer-
ation of endothelial cells.282° In addition, VEGF inhibition
may cause subacute glomerular thrombotic microangiopathy
with features of endotheliosis and membranoproliferative
changes, as shown in several biopsy-documented cases.0-34
Furthermore, VEGF inhibition may cause hypertension, re-
sulting in an increased intraglomerular pressure and protein
filtration; however, hypertension may not play a major role in
the development of proteinuria, because the glomerular injury
from reduced VEGF expression of podocytes preceded hyper-
tension in a murine conditional knockout model.3

We have identified a relationship between bevacizumab
dosage and high-grade proteinuria. Previously, we reported
that the risk for all-grade proteinuria may be affected by the
dosage of bevacizumab (RR 1.4 for low dosage versus 2.2 for
high dosage). Consistent with those results, in this study, we
showed that RRs for high-grade proteinuria were 2.62 (95% CI
1.61 to 4.28) for the low dosage and 8.56 (95% CI 4.09 to 17.92)
for the high dosage of bevacizumab; the difference between the
high and low dosages of bevacizumab was significant (P =
0.009). After exclusion of RCC trials, RR for high-dosage bev-
acizumab was 5.41 (95% CI 2.40 to 12.20). The difference be-
tween the high and low dosages seems substantial but was NS
(P = 0.135); therefore, further studies are needed to determine
that bevacizumab dosage may be a risk factor for high-grade
proteinuria.

Our study demonstrated that the risk for high-grade pro-
teinuria varied with tumor type. Even though all tumor types
included in this study had significantly increased risks, patients
with RCC seemed to have a particularly high risk, with an in-
cidence of 10.2% (95% CI 4.3 to 22.4%) and an RR of 48.76
(95% CI 9.73 to 244.40). There was a significant difference
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between RCC and non-RCC (P = 0.001). The higher risk for
patients with RCC can be secondary to decreased glomerular
filtration because of nephrectomies commonly performed on
these patients.?> A decreased GFR may reduce renal clearance
and lead to a higher concentration of bevacizumab with a con-
sequently higher risk for proteinuria. It is also possible that the
postnephrectomy glomerular hypertrophy of the remaining
kidney in patients with RCC may result in more dependence
on VEGF to maintain structural integrity than a normal kid-
ney, leading to an increased susceptibility to the anti-VEGF
effect of bevacizumab.

Our study showed no significant difference between plati-
num- and non—platinum-based chemotherapies in the risk for
high-grade proteinuria with bevacizumab (P = 0.99). This re-
sult suggested that bevacizumab-associated proteinuria may
not be significantly affected by the concurrent use of nephro-
toxic platinums. It may be explained by a different mechanism
of action in renal toxicity for bevacizumab (glomerular dam-
age) and platinums (tubular damage). Alternatively, it is pos-
sible that our study may not be powered to detect such a dif-
ference.

At the study level, we did not find any correlation between
high-grade proteinuria and PES or OS; however, this does not
exclude the possibility that a correlation might exist for all-
grade proteinuria or at the patient level. Further prospective
large trials with standard measurement of proteinuria may be
able to address this issue.

Because of the substantial risk for high-grade proteinuria,
patients who have cancer and receive bevacizumab need to be
monitored before each treatment. This is particularly impor-
tant for patients who have RCC or are receiving high-dosage
bevacizumab, who are at high risk for high-grade proteinuria.
Measurement of spot urine protein and creatinine is conve-
nient and reliable* and may be used to monitor proteinuria
instead of cumbersome 24-hour urine protein assay. Preven-
tive measures may include the optimal control of hypertension
and the use of angiotensin-converting enzyme inhibitors. Cur-
rently, there are no evidence-based guidelines for the manage-
ment of bevacizumab-associated proteinuria. The packet in-
sert recommends discontinuing bevacizumab for patients with
nephrotic syndrome and temporarily suspending bevaci-
zumab for patients with proteinuria =2 g/24 h (equivalent to
urine protein-creatinine ratio =2) and resumed when it is <2
¢/24 h.5 Appropriate measures may include referral to a neph-
rologist, antihypertensive treatment, and consideration of re-
nal biopsy for worsening proteinuria and renal failure.’” On
the basis of our study, dosage reduction may be a reasonable
approach to reducing the risk for persistent high-grade pro-
teinuria, particularly when bevacizumab is needed for tumor
control.

Our study has several limitations. The findings are influ-
enced by the limitation of individual trials included in the anal-
ysis, such as the use of dipstick assessment for proteinuria, no
specification of nephrotic syndrome for National Cancer In-
stitute’s Common Terminology Criteria grading, and com-
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pleteness of follow-up; baseline proteinuria was also not men-
tioned in these trials, but the risk for high-grade proteinuria
was probably very low, because the incidence was 0.4% (95%
CI 0.1 to 1.1%) among 5786 control patients. Second, these
studies were conducted at various institutions across the
United States and hence may contribute to the heterogeneity of
reported incidences. We tried to reduce its influence by using a
random-effects model to calculate the overall incidence of
high-grade proteinuria. Although RRs from all of these studies
were similar to each other, our calculation using random- or
fixed-effects model may not overcome inherent heterogeneity
among source data and may have potential bias regarding the
effect of bevacizumab dosage, tumor type, and platinum use.
Third, these studies were conducted at major academic insti-
tutions for patients with adequate organ function and may not
reflect the general patient population in the community or
patients with organ dysfunction. Fourth, the study might have
a potential observation time bias as a result of prolonged PFS
or OS commonly associated with the use of bevacizumab; how-
ever, the increased risk for high-grade proteinuria with bevaci-
zumab remained even in pancreatic cancer or mesothelioma
trials that did not have increased PFS; the significant risk re-
mained after adjustment for the imbalance in PFS (RR 3.35;
95% CI 1.90 to 5.92) or OS (RR 3.83; 95% CI 2.17 to 6.77),
assuming proteinuria occurred evenly over time; in several
studies, median onset of high-grade proteinuria was 5.6
months (range 2 weeks to 37 months). Finally, this was a meta-
analysis at the study level; therefore, confounding variables at
the patient level cannot be assessed properly and incorporated
into the analysis.

In summary, our study has shown that the addition of bev-
acizumab to chemotherapy significantly increased the risk for
high-grade proteinuria in patients with cancer. The risk may be
modified by bevacizumab dosage and tumor type. It is impor-
tant for medical oncologists, nephrologists, and patients to
recognize the risk with adequate management to prevent renal
failure and cardiovascular complications. Future studies are
strongly recommended to investigate risk reduction and effec-
tive treatment of severe proteinuria.

CONCISE METHODS

Data Source
We conducted an independent review of citations from PubMed be-
tween January 1966 and September 2009. Key words included in our

» «

search were “bevacizumab,” “Avastin,” and “cancer,” and was limited
to “randomized controlled clinical trials.” The search strategy also
used text terms such as “proteinuria,” “angiogenesis,” and “vascular
endothelial growth factor” to identify relevant information. Abstracts
and virtual meeting presentations containing the term “bevaci-
zumab” or “Avastin” from the American Society of Clinical Oncology
conferences (http://www.asco.org/ASCO) between January 2000 and
September 2009 were also referenced to identify relevant clinical tri-

als. We also performed an independent search using the citation da-
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tabase Web of Science (developed by the Institute for Scientific Infor-
mation) to ensure that no clinical trials were overlooked. We
examined each publication, and only the most recent or complete
report of a clinical trial was incorporated when duplicate publications
were found. Efforts were made to contact investigators and the man-
ufacturer of bevacizumab when relevant data were unclear. Finally,
the updated manufacturer’s package insert of bevacizumab was re-
viewed to identify pertinent information.>

Study Selection
The goal of our study was to assess the specific contribution of bev-

acizumab to the development of high-grade proteinuria in patients
with cancer; therefore, only RCTs with a direct comparison between
bevacizumab in combination with chemotherapy (treatment) and
chemotherapy alone (control) were incorporated for our analysis.
Phase I trials and single-arm Phase II trials were omitted from analysis
because of a lack of control subjects. Clinical trials that met the fol-
lowing criteria were included in the meta-analysis: (1) Prospective
Phase IT or I trials involving patients with cancer; (2) random assign-
ment of participants to bevacizumab in combination with chemo-
therapy or chemotherapy alone; and (3) available data including event
or incidence of grade 3 or 4 proteinuria and sample size. Quality was
assessed using criteria including adequate blinding of randomization,
completeness of follow-up, and objectivity of outcome measurements
as described previously.?®

Data Extraction and Clinical End Points
We performed data extraction from these selected trials, including

patient characteristics, treatment information, results, and follow-up.
Incidences or events of all-grade and high-grade proteinuria and sam-
ple sizes were extracted from the safety profile in each trial. Indepen-
dent data extraction was executed by three reviewers (C.K., L.B., and
S.W.). Any discrepancies between reviewers were resolved by consen-
sus. Proteinuria events in these studies were assessed and recorded
according to version 2 or 3 of the National Cancer Institute’s Com-
mon Terminology Criteria for Adverse Events,> which have been
widely used in cancer clinical trials. These versions are similar in grad-
ing proteinuria (Table 3).

Statistical Analysis
We performed all statistical analyses using version 2 of the Compre-

hensive Meta-Analysis Program (Biostat, Englewood, NJ).4° For the
calculation of incidence, the number of patients with proteinuria
(both high-grade and all-grade) and the number of patients who re-
ceived bevacizumab were extracted from the selected clinical trials;
the proportion of patients with proteinuria and 95% CIs were derived

Table 3. National Cancer Institute’s toxicity grading
criteria versions 2 and 3 for proteinuria

Grade Version 2 or 3

1 Dipstick 1+ or 0.15 to 1.00 g/24 h
Dipstick 2+ to 3+ or 1.0 to 3.5 g/24 h
Dipstick 4+ or >3.5 g/24 h

Nephrotic syndrome

Version 2 none; version 3 death

g W N
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for each study. For the calculation of RR, patients who were assigned
to the combination of bevacizumab and chemotherapy were com-
pared only with those who were assigned to chemotherapy alone in
the same trial. To explore a dosage—effect relationship, we further
divided bevacizumab therapy into low-dosage (2.5, 5.0, or 7.5 mg/kg
per dose per schedule, which is equivalent to a weekly dosage of 2.5
mg/kg) and high-dosage (10 or 15 mg/kg per dose per schedule, which
is equivalent to a weekly dosage of 5 mg/dose). The designation of low
versus high dosage is relatively arbitrary. We previously showed that
all-grade proteinuria may be dosage dependent.®

For meta-analysis, both a fixed-effects model (weighted with in-
verse variance) and a random-effects model were considered.*' For
each meta-analysis, the Cochran Q statistic and I were first calculated
to assess the heterogeneity among the proportions of the included
trials. For Cochran Q statistic of P < 0.1, the assumption of homoge-
neity was deemed invalid and a random-effects model was reported.
The causes of heterogeneity were also explored in this context. Results
from the fixed-effects model were reported only when they were not
substantially different from the random-effects model. A two-tailed
P < 0.05 was judged as statistically significant. We used the Begg test
to determine the presence of publication bias regarding the primary
end point (RR high-grade proteinuria). A two-tailed P < 0.05 was
considered statistically significant. For correlation between RR for
high-grade proteinuria and hazard ratio of PES or OS, a meta-regres-
sion was performed.
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