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Abstract

Introduction Arterial hypertension and proteinuria are common side effects of antiangiogenic treatment and might represent
a biomarker of response in patients with glioblastoma. The aim of this study was to assess the impact of these side effects
in predicting therapeutic response to second line chemotherapy with bevacizumab.

Methods We evaluated clinical and survival data of glioblastoma patients who underwent treatment with bevacizumab after
progression under temozolomide, at CHUSJ between 2010 and 2017. We analysed treatment-related arterial hypertension,
proteinuria grade, thrombotic and haemorrhagic events during treatment. Overall survival (OS) and progression free survival
(PFS) under bevacizumab were calculated according to the Kaplan—Meier method. Multivariate analysis was performed
using Cox proportional hazards method.

Results We evaluated 140 patients. Arterial hypertension and proteinuria occurred in 23 (16.3%) and 17 (12.1%) patients,
respectively. PFS during treatment with bevacizumab was 12 months (95% CI 7.9-16.1) in the hypertensive group and
4 months (95% CI 3.2-4.8) in the normotensive group (p =0.005). Patients with proteinuria had a PFS of 10 months (95%
CI 4.9-15.0) versus 4 months (95% CI 3.4-4.8) in patients without proteinuria (p=0.002). Multivariate analysis revealed
hypertension and proteinuria as independent prognostic factors of PFS and OS.

Conclusion Our data suggest that hypertension and proteinuria can be effective predictors of response to antiangiogenic
therapy in recurrent glioblastoma and are associated with longer disease control.
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Introduction

Glioblastoma (GBM), the most common malignant pri-
mary brain tumour, maintains a poor prognosis despite all
efforts of therapeutic research with a 2-year survival rate of
26.5% in the temozolomide era [1, 2]. GBM is one of the
most vascularized tumours in humans, consistently show-
ing high expression of human vascular endothelial growth
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futile or even harmful. There is already evidence that the
development of side effects of bevacizumab as hypertension
(HTN) is associated with higher progression-free survival
(PES) and overall survival (OS) in metastatic colorectal can-
cer (mCRC) and that developing proteinuria might lead to
poorer survival [7-9]. Few studies have looked at these vari-
ables as possible clinical biomarkers of response or resist-
ance to bevacizumab in patients with glioblastoma [8, 10].

The aim of this study was to assess whether the devel-
opment bevacizumab induced hypertension and proteinuria
predicts higher PFS and OS comparing to patients that do
not present such side effects.

Materials and methods
Study design and patient selection

This is a retrospective cohort study of all patients with GBM
treated at Centro Hospitalar Universitario Sao Jodo, Oporto,
between January 2010 and December 2017, with radiochem-
otherapy according to Stupp protocol, followed, upon recur-
rence, by treatment with bevacizumab-based therapy.

The inclusion criteria were patients with histologically
proven GBM, age > 18 years, that were submitted to second-
line treatment with bevacizumab-based regimen after neuro-
oncology multidisciplinary team meeting (MDT) decision.

All patients were treated according to standard first-line
chemotherapy with temozolomide, administered 75 mg/
m? concurrent with daily external-beam radiation therapy
(RT) (2 Gy/fraction, for a total of 60 Gy in 30 fractions) and
followed by adjuvant TMZ at 150-200 mg/m? for 5 days
every 28 days until progression. All patients were treated
with second-line bevacizumab-based therapy: bevacizumab
monotherapy (10 mg/kg); bevacizumab (10 mg/kg) + irinote-
can (340 or 125 mg/m?, with or without concomitant enzyme
inducing antiepileptic drugs, respectively) every 2 weeks
or bevacizumab (10 mg/kg) every 2 weeks with lomustine
(90 mg/m?) every 6 weeks.

Data were collected from digital and written clinical
records as well as nursing registries and analytical stud-
ies performed at Oncology Day Unit setting. We analysed
demographic, clinical, therapeutic, adverse events and sur-
vival data of all patients.

The study was approved by local ethics committee.

Diagnostic criteria

Overall survival (OS) was considered as the time frame
between surgery and the date of death or to the last day of
follow-up if alive. Progression-free survival (PFS) was cal-
culated from the beginning of bevacizumab until the date of
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disease progression that determined the switch to a third-line
chemotherapy agent or to best supportive care.

We evaluated the most frequently reported bevacizumab
related side effects, namely: arterial hypertension, pro-
teinuria, arterial and venous thrombosis, haemorrhages,
infections, wound healing problems and gastrointestinal
perforation.

Treatment related arterial hypertension (HTN) was
defined as the initiation of new antihypertensive medica-
tion during antiangiogenic therapy or newly documented
measurements of systolic blood pressure > 140 mm Hg or
diastolic blood pressure >90 mmHg. Previous hypertensive
patients with no modification in dose or number of antihy-
pertensive drugs were not considered in treatment-related
HTN group. Neither were patients with corticosteroid asso-
ciated hypertension. Proteinuria was evaluated based on
24-h urine collection, protein/creatinine ratio and dipstick,
and its evolution during bevacizumab-based therapy. HTN
and proteinuria were evaluated according to National Can-
cer Institute — Common Toxicity Criteria scale version 5.0
(CTCAE v5.0) [11].

Data and statistical analysis

The primary endpoint of this study was the effect of anti-
angiogenic side effects (HTN and proteinuria) on PFS. Addi-
tionally, as secondary endpoints, we evaluated the impact on
overall survival and the frequency of other adverse effects.
Differences between groups were analysed using Chi square,
Fisher’s exact test, Student’s T test or Mann—Whitney U test
as appropriate, after assessing distribution and equality of
variances. Survival data was evaluated using Kaplan—-Meier
product-limit analysis and 95% confidence intervals were
calculated. We used Log-rank test to detect statistically sig-
nificant differences in survival distribution. Data of patients
who have not progressed or died were right-censored in
our analysis. Multivariate analysis for PFS and OS was
conducted for variables with p values <0.2 on univariate
analysis and performed using forward stepwise Cox propor-
tional hazard method to determine independent prognostic
factors. Differences were considered statistically significant
at p<0.05. The software used for statistical analysis was
IBM SPSS Statistics 25.

Results

Patients demographics and characteristics

We identified 153 patients, from which 140 patients were
included. Ten patients were excluded due to rapid clini-

cal deterioration before initiating therapy, 2 patients were
excluded since they had participated in the active arm of
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the AVAglio study and 1 patient had an allergic reaction and
immediately discontinued therapy.

The median age at diagnosis was 57 years (26—77 years).
The majority of patients were male (60%, n=_84) and 89%
(n=125) had an ECOG performance status of O or 1. Most
patients did not have history of cardiovascular disease
(55.0%, n="77), however 32.1% (n=45) had been previously
diagnosed with HTN.

Clinical and demographic characteristics of the cohort
are detailed in Table 1.

Bevacizumab-related adverse events

Among 140 patients, 23 (16.4%) initiated new anti-hyper-
tensive treatment, 12 patients developed grade 3 HTN, 8
patients developed grade 2 HTN, one patient developed
grade 4 HTN and one patient developed grade 1 HTN. Nine
patients (39.1%) already had a past medical history of HTN
controlled with medical treatment. Eleven patients needed
one drug, seven patients needed 2 drugs, and five patients
required 3 drugs to control arterial blood pressure. None
of these patients increased corticosteroid dose during anti-
angiogenic therapy. In fact, 14 patients (61%) were corti-
costeroid free; 6 patients (26%) reduced corticosteroid dose,
and 3 patients (13%) maintained a stable low dose (5-20 mg
prednisolone).

Proteinuria was detected during bevacizumab therapy in
17 (12.1%) patients, 13 (9.3%) were grade 1, 3 (2.1%) were
grade 2 and 1 (0.7%) patient developed nephrotic syndrome.
4 (23.5%) of these patients had a past medical history of
controlled HTN with medical treatment.

Median timing of onset of hypertension and proteinuria
was 15 and 18 weeks after initiation of anti-angiogenic treat-
ment, respectively.

There were no arterial thrombosis events detected. Deep
vein thrombosis occurred in 5 (3.6%) patients, and one of
them developed pulmonary embolism. One patient had a
minor asymptomatic intracerebral haemorrhage, 4 patients
had wound healing problems, one patient had gastrointesti-
nal perforation and one patient developed heart failure.

Bevacizumab-related side effects are detailed in Table 2.

Survival analysis

The median PFS while on bevacizumab for all patients
was 5 months. The PFS was significantly different between
normotensive and hypertensive groups with a median
PFS of 4 months (95% confidence interval [95% CI]
3.23-4.77 months) versus 12 months (95% CI 7.90-16.1)
(p=0.005), respectively. The PFS was also significantly dif-
ferent between patients that did not develop proteinuria with
a PFS of 4 months (95% CI 3.24-4.76) versus those who

Table 1 Clinical and demographic characteristics of the patients

Characteristics Patients
N %
Gender
Female 56 40
Male 84 60
Age (years)
Median 57
Range 26-77
Tumor location
Frontal 48 343
Parietal 25 17.9
Temporal 57 40.7
Occipital 1 0.7
Insula 2 14
Basal ganglia 4 29
Corpus callosum 1 0.7
Posterior fossa 2 1.4
Tumor lateralization
Right 70 50
Left 64 45.7
Bilateral 6 43
Tumor focality
Unifocal 123 87.9
Multifocal 9 6.4
Multicentric 8 5.7
ECOG
0 48 34.3
1 71 55
2 12 8.6
3 3 2.1
Type of surgery
Total 64 46.1
Subtotal 24 17
Partial 32 22.7
Biopsy 16 11.3
Unknown 4 2.8
Cardiovascular disease
No 77 55.0
Yes 63 44.7
HTN 45 32.1
Dyslipidaemia 33 23.6
DM2 11 79
AF 1 0.7
CHD 2 1.4
Number of TMZ cycles
Median 6.65
Range 0-42
Second-line CT
BEV monotherapy 5 3.6
BEV+ITC 87 62.1
BEV +LOM 48 343

ECOG Eastern Cooperative Oncology Group performance status,
HTN hypertension, DM diabetes mellitus, CHD coronary heart dis-
ease, TMZ temozolomide, CT chemotherapy, BEV bevacizumab,
BEV +ITC bevacizumab associated to irinotecan, BEV + LOM bevaci-
zumab associated to lomustine
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Table 2 Prevalence of bevacizumab-related adverse events

Adverse events No of patients

Initiation of anti-HTN drugs

No 116 (82.9%)

Yes 23 (16.4%)

Unknown 1(0.7%)
HTN grade

Grade 1 1(4.3%)

Grade 2 8 (34.8%)

Grade 3 12 (52.2%)

Grade 4 1(4.3%)

Unknown 1(4.3%)
No of drugs used

1 11 (47.8%)

2 7 (30.4%)

3 5(21.7%)
Proteinuria

Grade 0 123 (87.9%)

Grade 1 13 (9.3%)

Grade 2 3(2.1%)

Grade 3 1(0.7%)
Arterial thrombosis 0 (0%)
Venous thrombosis

No 135 (96.4%)

DVT 5 (3.6%)

PE 1(0.7%)
Intracranial haemorrhage 1(0.7%)
GI perforation 1(0.7%)
Wound healing complications 4(2.9%)
Heart Failure 1(0.7%)

HTN hypertension, DVT deep vein thrombosis, PE pulmonary embo-
lism, GI gastrointestinal

developed proteinuria with a PFS of 10 months (95% CI
4.96-15.04) (p=0.002) (Fig. 1).

Median OS was 19 months for the entire cohort. OS
was also significantly higher in the hypertensive group
(27 months, [95% CI 18.94-35.06], versus normotensive
group (18 months, [95% CI 16.29-19.71] (p=0.035).
Although there was a trend toward better survival in patients
with proteinuria (25 months vs 18 months), that difference
was not statistically significant (p=0.054) in univariate
analysis.

A comparative analysis of the baseline characteristics
between normotensive and hypertensive groups showed
no significant differences regarding age (p=0.704,
Mann—Whitney U test), gender (p=0.901, Chi square test),
ECOG performance status (p=0.465, Fisher’s exact test),
type of surgery (p=1.00, Fisher’s exact test), number of
temozolomide cycles (p=0.112, Mann—Whitney U test) or

@ Springer

multifocality (p=0.327, Fisher’s exact test). The same was
true for proteinuria and non-proteinuria groups.

Two patients (2/5=40%) on bevacizumab monother-
apy (BEV), 10 patients (10/87=11.5%) on bevacizumab
associated to irinotecan (BEV +1ITC) and 11 patients
(11/48 =23%) on bevacizumab with lomustin (BEV +LOM)
developed treatment-related HTN. There were no statisti-
cally significant differences in survival data between differ-
ent bevacizumab-based regimens.

Multivariate analysis revealed treatment-related
HTN (p=0.033, HR=0.58) and proteinuria (p=0.014,
HR =0.48) as independent predictors of better PFS on bev-
acizumab-based therapy. Uni and multivariate PFS analysis
are detailed in Table 3.

Regarding OS, multivariate analysis identified
age > 60 years (p=0.023, HR =1.54), number of TMZ
cycles>6 (p<0.001, HR=0.48), treatment-related HTN
(p=0.009, HR =0.483), treatment-related proteinuria
(p=0.018, HR 0.465) and beginning of a third-line chemo-
therapy (p=0.016, HR =0.64) as independent prognostic
factors significantly associated with increased overall sur-
vival. Gender, ECOG, resection type, localisation and focal-
ity had no statistical impact on OS in this group of patients.
Uni and multivariate OS analysis are depicted in Table 4.

Discussion

Although survival benefit from bevacizumab containing
regimens is modest, some patients respond better than others
and it is critical to establish predictive and therapy monitor-
ing markers for selection of patients for this specific therapy
[12]. Several authors have reported bevacizumab adverse
events as predictors of response in advanced or metastatic
non-small cell lung cancer, colorectal cancer, breast cancer
and ovarian cancer [13—15]. Khoja et al. found that HTN
predicts significantly higher response rates in metastatic
colorectal cancer, while the development of proteinuria dur-
ing treatment with antiangiogenics portends poorer survival
[7].

In glioblastoma, AVAglio and RTOG 0825 tried to iden-
tify a subset of patients who might benefit from upfront
treatment with bevacizumab, but no biomarker proved con-
sistently effective in predicting either response or resistance
to bevacizumab [5, 6]. In the recurrent setting, Wick et al.
conducted a randomized phase 3 trial of bevacizumab plus
lomustine at first progression of glioblastoma after standard
chemoradiotherapy and showed significant improvement in
PFS, but no overall survival advantage [16].

Despite some dismay in antiangiogenic clinical trial
results with respect to overall survival, bevacizumab
remains a cornerstone therapy in the treatment of recurrent
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Fig. 1 Kaplan-Meier analysis of progression-free survival curves according to treatment-related hypertension (a) and treatment-related proteinu-

ria (b)

GBM, providing symptom alleviation, increased PFS and
probably, in a subgroup of patients, a real survival ben-
efit. In this perspective, identification of biomarkers of
tumour response and stratification of patients according

to antiangiogenic treatment efficacy remain an important
evolving area of research.

In our group of patients 16.4% (n=23) developed antian-
giogenic-related HTN, with the majority (87%) being grade

@ Springer



114 Journal of Neuro-Oncology (2020) 147:109-116
Table 3 Analysis.of Variable Univariate analysis Multivariate analysis
independent predictors of
progression-free survival of HR 95% CI p value HR 95% CI p value
glioblastoma patients while on
bevacizumab based-therapy Age
> 60 versus < 60 years 1.07 0.76-1.52 0.699 - - -
Gender
M versus F 0.89 0.75-1.52 0.195 ns
ECOG
0-1 versus >2 1.14 0.65-2.00 0.638 - - -
Type of surgery 0.89 0.52-1.50 0.648 - - -
Focality
Unifocal vs multifocal 1.05 0.65-1.70 0.828 - - -
Treatment-induced HTN 0.52 0.32-0.86 0.010 0.584 0.36-0.99 0.033
Treatment-induced proteinuria 0.44 0.24-0.78 0.050 0.483 0.27-0.87 0.014

Bold values indicate statistically significant results in uni- and multivariate analysis (p < 0.05)

Multivariate analysis used Cox proportional hazards model with a forward stepwise regression procedure

M male, F female, ECOG Eastern Cooperative Oncology Group performance status, HTN hypertension

Table 4 Analysis of

. . Variable Univariate analysis Multivariate analysis
independent predictors of
overall survival in the cohort of HR 95% CI p value HR 95% CI p value
glioblastoma patients
Age
> 60 versus < 60 years 1.42 0.99-2.05 0.059 1.54 1.06-2.25 0.023
Gender
M versus F 0.98 0.81-1.18 0.809 - - -
ECOG
0-1 versus >2 0.79 0.45-1.38 0.410 - - -
Type of surgery 0.80 0.46-1.40 0.439 - - -
Focality
Unifocal vs multifocal 1.12 0.68-1.85 0.665 - - -
Number of TMZ cycles
>6 versus <6 0.60 0.42-0.87 0.007 0.48 0.33-0.71 <0.001
Third-line chemotherapy 0.65 0.45-0.94 0.022 0.64 0.44-0.92 0.016
Treatment-induced HTN 0.58 0.34-0.99 0.044 0.48 0.28-0.84 0.009
Treatment-induced proteinuria 0.56 0.30-1.04 0.066 0.47 0.25-0.88 0.018

Bold values indicate statistically significant results in uni- and multivariate analysis (p < 0.05)

Multivariate analysis used Cox proportional hazards model with a forward stepwise regression procedure

M male, F female, ECOG Eastern Cooperative Oncology Group performance status, TMZ temozolomide,

HTN hypertension

2 or 3. Our data show a rate of HTN comparable to data
reported in the literature: which varies between 3 and 20%
[4, 17-20]. 12.1% (n=17) of our patients developed pro-
teinuria, with the majority of these (76.5%, n=13) having
grade 1. Nangia et al. at the ASCO meeting in 2011 reported
higher rates, with 39% of bevacizumab-treated patients
developing proteinuria and 75% developing HTN [21].
The results of our study demonstrate that development
of HTN and proteinuria in patients receiving bevacizumab
is predictive of better disease control, with longer pro-
gression-free survival and overall survival. Our study also
showed that differences in tumour control and survival
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were not attributable to differences in clinical and thera-
peutic variables in the two groups.

The mechanisms underlying bevacizumab-related arte-
rial hypertension and proteinuria and their association with
patient outcome are not yet elucidated. One hypothesis is
that anti-VEGF therapy can result in vessel normalization
in tumors but endothelial dysfunction and capillary rar-
efaction in normal tissues, which may thus be responsible
for the improved outcome and subsequent toxicity [7, 22].

Other investigators have reported differences in clinical
outcomes in glioblastoma depending on whether patients
developed arterial HTN as an antiangiogenic side effect.
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Nangia et al. observed a median PFS of 7 versus 2.9 months
and OS 11 versus 5.7 months in hypertensive versus normo-
tensive patients, respectively [21]. Lombardi et al. studied
53 patients with glioblastoma treated with antiangiogenic
drugs upon recurrence (30 with sorafenib and 23 with beva-
cizumab) and showed significantly associations between
HTN and disease control rate, and HTN and progression-
free survival at 6 months. Additionally, multivariate analy-
sis showed that HTN onset was independently associated
with a longer survival [8]. Zhong et al. studied 83 patients
submitted to bevacizumab for recurrent GBM and reported
significantly different PFS with 2.5 months for the normo-
tensive patients and 6.7 months for the hypertensive patients
[10]. Thus, our robust data and large number of patients
confirm these results, showing a PFS of 12 months in hyper-
tensive patients versus 4 months in normotensive patients
(p=0.033, hazard ratio=0.584).

As a secondary endpoint, OS was significantly longer in
patients who developed treatment-related HTN, 27 months,
versus those who did not, 18 months (p=0.035).

Proteinuria, to our current knowledge, has not been con-
sistently reported as a potential biomarker. On the contrary
some authors report a negative impact on its prognosis
in other malignancies [7]. Nangia et al. showed a statisti-
cally significant increase in PFS (7.1 vs 6.0 months) and
OS (13.2 vs 9.3 months) associated with the development
of proteinuria [21]. Our data demonstrated that treatment-
related proteinuria was associated with increase in PFS (10
vs 4 months) (p=0. 002).

Interestingly, co-existence of treatment-related HTN and
proteinuria occurred in five patients with median PFS of
16 months (95% CI 11.71-20.29) while on bevacizumab and
median OS of 32 months (95% CI 18.92-45.08).

Our data are in agreement with other studies namely
regarding HTN development impact on disease control and
survival in patients with glioblastoma submitted to treat-
ment with bevacizumab. Additionally, we demonstrate that
proteinuria, a commonly negative predictor of outcome in
malignancies, might also be a predictor of response in this
group of patients. We hypothesize that both adverse effects
might synergistically predict better disease control and sur-
vival. Further studies are necessary to confirm this.

Our study has some limitations. Although oncology day
unit protocols and comprehensive registries are well estab-
lished in our hospital for several years, this was a retrospec-
tive study and, thus, susceptible to potential bias. Molecular
markers, namely IDH1/2 mutations and MGMT methyla-
tion, which have been suggested as being responsible for
differential response to bevacizumab therapy was not per-
formed routinely and therefore could not be assessed [23].
Nonetheless, we present a large number of patients with well
described clinical and therapeutic data, with relevant statisti-
cally significant results.

Conclusion

Our study shows that hypertension and proteinuria devel-
oped during bevacizumab therapy are correlated to pro-
longed progression-free survival and may constitute an
indicator of active anti-tumour effect. The absence of these
side effects may be an alert for neurooncologists anticipating
resistance to antiangiogenic treatment. Additionally, newly-
developed hypertension was associated with prolonged sur-
vival. In an era of ever-increasing demand of personalized
medicine, knowing which patients might benefit from a
treatment and avoiding unnecessary or toxic therapies is of
the utmost importance. Additional studies should be con-
ducted to prospectively validate these clinical biomarkers.
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