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ABSTRACT

Objective: To evaluation the efficacy and direct costs of Bevacizumab in managing of malignant pleural effusion (MPE) caused
by lung adenocarcinoma.

Methods: Between December 2014 to December 2016, 60 untreated patients with MPE in lung adenocarcinoma were randomly
assigned to one of two groups; intrapleural injection of Bevacizumab (n= 30) or intrapleural injection of OK-432 (n= 30). Adverse
events were recorded and assessed. ELISA was applied to detect the serum vascular endothelial growth factor (VEGF) level.

Results: In the Bevacizumab group, fifteen (50%) and eleven (37%) patients achieved complete response (CR) and partial
response (PR), respectively, I patient remained stable (3%), and 3 patients showed disease progression (10%). In the OK-432 group,
thirteen (43%) and twelve (40%) patients achieved CR and PR, respectively, 2 patients remained stable (7%), and 4 patients showed
progressed (13%). There was no statistically significant difference in the effective rate between the two groups (P> 0.05). Regarding
the adverse effects, only 1 case experienced fever in the Bevacizumab group. However, for the patients in OK-432 group, chest pain,
fever, dyspnea, fatigue, nausea, and anorexia were occurred in 16 (53%), 21 (70%), 5 (16.67%), 5 (16.67%), 1 (3.33%), and 7 (23.3%)
cases, respectively. The incidence of adverse reactions of the patients in the OK-432 group was significantly higher than that in the
Bevacizumab group (P< 0.05). In the Bevacizumab group, the serum VEGF concentration was 246.79+ 179.51 pg/ml before treatment
and 129.85+ 113.09 pg/ml after treatment, suggesting the VEGF level was decreased in Bevacizumab group (P< 0.001). Median
duration in hospital was 3 days in the Bevacizumab group, and less than 5 days in the OK-432 group (P< 0.001). The care cost was
CNY 136.00+75 46 in the Bevacizumab group compared with CNY 201.33+66.00 in the OK-432 group (P< 0.001).

Conclusion: Intrapleural injection of Bevacizumab was effective and safe for MPE, and shortened the length of hospital stay,
and reduced the cost of hospitalization and nursing care.
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Introduction

Malignant pleural effusion (MPE) is a type of
pleural effusion caused by primary or secondary ma-
lignant pleural tumor”. Among metastatic tumors,
metastatic adenocarcinoma is the most common®.
Epidemiological data indicate that the incidence of
lung cancer and breast cancer is increasing yearly®.
In lung cancer patients, the incidence of adenocarci-
noma is higher than squamous cell carcinoma®.

MPE often occurs during the late stage of the
lung adenocarcinoma. And the patient's median sur-
vival time is only 3~12 months. Clinical trials have
demonstrated that controlling pleural effusion im-
proves the quality of life for patients, and reduces
the mortality caused by pleural effusion-induced res-
piratory distress®.

There are a variety of treatments strategies for
MPE, including thoracoscopic pleural dissection, in-
trathoracic drainage, pleurodesis.
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However, according to the 2010 MPE guide-
lines, pleural fixation is the first choice of treat-
ment”., Common types of drugs used in pleural
fixation include chemotherapeutic agents, immuno-
therapy drugs, biological response regulators. For
example, the injection of bleomycin, cisplatin, IL-2,
and OK-432 has been applied to treat MPE in clin-
ical trials®. OK-432 is a lyophilized streptococcal
preparation used to treat MPE; the 30-day success
rate for OK-432 and talc-s is 79%- 80.7%. Propensi-
ty score-matched analyses showed that OK-432 and
talc-s demonstrated for pleurodesis demonstrated
comparable efficacy and safety profiles in patients
with lung adenocarcinoma. This indicates that OK-
432 provides a viable alternative to talc-s this proce-
dure”®. However, OK-432 is associated with several
adverse reactions, such as fever, chest pain, dyspnea,
and other side effects, which lead to poor tolerance
in patients and limit the use of the drug to a certain
extent. Therefore, it is of great clinical significance
to explore effective pleural perfusion drugs with
fewer side effects.

Vascular Endothelial Growth Factor (VEGF)
plays a significant role in promoting lung cancer me-
tastasis®. Studies have shown that VEGF produced
by lung cancer cells contributes to pleural effusion,
tumor spread, and angiogenesis'®'". VEGF antag-
onists may play an active role in the treatment of
MPE"?. Bevacizumab is a kind of recombined hu-
manized and human-mouse chimeric monoclonal
antibody, a kind of VEGF repairing inhibitor. Angio-
genesis inhibitors specifically bind to VEGF, prevent
its binding to the receptor, induce tumor blood ves-
sel degeneration, inhibit the neovascularization, and
prevent the growth and metastasis of tumor cells*'%.
Simultaneously, they reduce the permeability of
blood vessels and the development of pleural effu-
sion"?. Therefore, the purpose of this study was to
investigate the mechanism and role of bevacizumab
in the local treatment of malignant pleural effusion of
lung adenocarcinoma. VEGF is believed to function
as a tumor angiogenesis factor being mitogenic for
endothelial cells and has a potential pathogenic role
in the development of pleural effusions®. Further
elucidation of the pathogenic mechanisms and iden-
tification of novel local and/or systemic treatments
targeting these pathways may improve the efficacy of
current management strategies. Therefore, we inves-
tigated the pathophysiology, diagnosis, and manage-
ment of MPEs focusing on the role of VEGF in the
development of MPE and the rationale for VEGF-tar-
geted treatment modalities.

Methods

General information

Based on a sample size calculation, this ran-
domized study enrolled patients from the affiliated
hospital of Inner Mongolia Medical University be-
tween December 2014 and December 2016. Sixty
patients with MPE caused by lung adenocarcinoma
confirmed by histology or cytology were enrolled,
all patients were assessed by ultrasonography and
CT scans. The size of the pleural effusion was de-
fined as follows: massive, effusion volume > 75%
of the hemithorax; large, effusion volume 50-75% of
the hemithorax; and small ,effusion volume <25% of
the hemithorax. The eligibility criteria were as fol-
lows: patients 18-75 years of age; an estimated sur-
vival duration of > 3 months, patients with normal
major organ functions, and patients who provided
written informed consent.

97 patinrts assessed for eligibility |
Exclisded
12 patiends failed screening
| 17 did nct mees the critera
B0 eligible patients randomly assigned | | 8 patients decision

30 patients received intrapleusal
inpection of K432 [5 ke) once
wery 3 cays

30 patients recennd intrapleunal
injection of Bevacizumab(5 mg/kgl

Fig. 1: Patient flowchart.

The exclusion criteria included the following:
gastrointestinal perforation or tracheoesophageal
fistula within the 2 months before enrollment,
hemorrhage(cerebral hemorrhage, hemoptysis,
hematuria); reversible posterior white matter
encephalopathy syndrome; diagnosis of venous or
arterial thromboembolism; severe congestive heart
failure; uncontrolled hypertension after adequate
antihypertensive treatment; a wound that did not
heal within at least 28 days after major surgery;
level 4 proteinuria; allergy to penicillin; pregnant,
lactating, or possibly pregnant women; or multiple
active cancer. (Fig 1; Table 1). Blood samples
were collected 1week before and after treatment.
Venous blood was collected into inter separation gel
coagulation tube and immediately centrifuged for 10
minutes at 3000 rpm/min.

The supernatant was retained in EP tube and
be frozen in-80 °C refrigerator. Reagents and drugs
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used included a human VEGF ELISA kit (R&D Co,
Ltd).

Bevacizumab Group (n=30) OK-432 Group (n=30)

64.33+ 8.872 62.50+ 9.062 0432

Male 14 17
Female 16 13

Yes 12 16 0301

Table 1: Patient characteristics.

The VEGF concentration is proportional to the
measured OD values at 450 nm. Therefore, the ex-
pression level of VEGF is determined based on the
standard curve of know concentrations. To observe
the changes in VEGF serum levels in patients treat-
ed before and after treatment with Bevacizumab,
the relationship between the concentration of serum
VEGF before treatment and the curative effect of
Bevacizumab, we classified the curative effect on
bevacizumab treatment group and correlated them
with the VEGF concentration before treatment, and
also recorded the concentration changes of VEGF
before and after treatment.

This work was carried out in accordance with
the the World Medical Association Declaration of
Helsinki . This study was approved ethically by the
Affiliated Hospital of Inner Mongolia Medical Uni-
versity (YKD2014051). All patients provided in-
formed written consent. The trial is registered with
chictr.org.cn.

Treatment programs

All patients were subjected to a routine blood
test, liver function evaluation, renal function evalua-
tion, urine analysis, ultrasound, CT scans, and elec-
trocardiogram examination. In addition, all patients
were confirmed to be without absolute contraindi-
cations of pleural perfusion treatment, thereby ful-
filling the inclusion criteria without meeting any
of the exclusion criteria. The Zubord Performance
Status (ZPS) was determined before treatment. Sixty
untreated lung adenocarcinoma patients with MPE
were randomly assigned to one of the two groups
received an intrapleural injection of Bevacizumab (5
mg/kg, once a day) (n= 30) and intrapleural injec-

tion of OK-432 (5 kg, once every 3 days) (n= 30).
Adverse events were recorded and assessed. All pa-
tients in two groups with negative EGFR gene mu-
tation were treated with pemetrexed combined with
cisplatin after pleural perfusion. Tunneled pleural
catheters were especially helpful in the management
of trapped lungs in the setting of an MPE. The drain-
age tube was clamped for 24 hours after the drug
was injected into the catheter. The intrapleural ad-
ministration process was performed in accordance
with standard operating procedures when the pleural
effusion drainage was complete. The therapeutic ef-
fect of pleural effusion was evaluated for 4 weeks.

Safety and efficacy evaluation criteria

The therapeutic effect of pleural effusion was
evaluated as follows (WHO standard): Complete
Response (CR): the effusion completely disappeared
and remained stable for more than 4 weeks, partial
response (PR), the amount of effusion decreased by
more than 50%, the symptoms improved, and the re-
sidual fluid did not increase within 4 weeks. Stable
(SD), the hydrothorax decreased by < 50% or not
more than 25% for over 4 weeks and progression,
pleural effusion increased by more than 25% com-
pared with the amount before treatment. The sum
of the total remission rate and partial remission rate
was defined as total efficiency. For adverse reactions,
drug toxicity evaluation was performed in accord-
ance with the NCI CTC version 3 (graded 0-1V).
Chest pain was evaluated is in accordance with the
WHO standard as follows: 0, no pain; I, mild pain,
or intermittent pain and no medication; II, moderate
pain or persistent pain affecting rest and requiring
pain management; III, severe pain, persistent pain,
or pain that could not be self-relieved; and IV, se-
vere pain or severe persistent pain accompanied by
changes in blood pressure, heart rate, pulse and oth-
ers parameters.

Statistical analyses

SPSS13.0 statistical software was used for sta-
tistical analysis. The t-test and > test was used for
comparison of measurement data or rates. The rank-
sum test was used for grade data. P< 0.05 indicated
that the difference was statistically significant.

Results
Adverse effects

The Bevacizumab group: Fifteen (50%) and
eleven (37%) patients achieved CR and PR, respec-
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tively, 1case was stable (3%), and 3 cases were pro-
gressed (10%). The OK-432 group: Thirteen (43%)
and twelve (40%) patients achieved CR and PR,
respectively, 2 cases were stable (7%), and 4 cas-
es showed disease progressed (13%). There was
no statistically significant difference between the
effective rate in the two groups (P> 0.05). Among
30 patients who received bevacizumab intrapleural
infusion, fever was reported in only 1 case, and no
hemorrhage, high blood pressure, or other intrave-
nous adverse was observed. Among thirty patients
treated with OK-432, chest pain, fever, dyspnea, fa-
tigue, nausea, and anorexia occurred in 16 (53%),
21 (70%), 5 (16.67%), 5 (16.67%), 1 (3.33%), and
7 (23.3%) cases, respectively. Among them, 2 pa-
tients had grade III-IV chest pain. One patient had
grade IV fever. Although the adverse reactions in the
OK-432 group were all relieved after symptomatic
treatment, the incidence of adverse reactions in the
OK-432 group was significantly higher than that in
the bevacizumab-treated group. According to statis-
tical analysis, the differences in the rates of adverse
effects were statistically significant between the two
groups (P< 0.05).

The effect of bevacizumab on the concentra-
tion of serum VEGF

intrathoracic infusion reduced the serum VEGF con-
centration (Table 2, Fig 2).

Correlation between the serum VEGF level
and the curative effect

The concentration of VEGF was 25841+
187.93pg/ml in the Bevacizumab group and 171.25+
91.76pg/ml in the invalid group, and there was no
significant difference (P= 0.375, P> 0.05). The
VEGEF concentration showed no correlation with ef-
ficacy of intrapleural perfusion treatment (Table 3).

effectiveness
n

venes Ineffectiveness
(meanz sd, pg/ml) ml

venes
(meanz sd, pg/

)

VEGF 25841 187.93 171.25£91.76 0.901 0375

pre-treatment post-treatment
(mean sd, pg/ml) (means sd, pg/ml)

VEGF 246.79+ 179.51 129.85+ 113.09 5.948 <0001

Table 3: Effect of VEGF expression in serum.

Correlation between the changes in serum
VEGF before and after treatment and the curative
effect

The changes in the VEGF serum concentration
were 126.57+99.79 pg/ml for the complete remis-
sion group, 129.60+ 118.54 pg/ml for partial remis-
sion group, and 45.99+104.98 pg/ml for the invalid
group (P=0.380, P> 0.05). The difference was not
statistically significant. These results suggest that
the effect of bevacizumab on pleural perfusion is not
related to the change in serum VEGF concentrations
(Table 4).

Table 2: Comparison of VEGF expression in serum befo-
re and after the use of bevacizumab.

Curative effect grade (means sd, pg/ml)
pgfml)

CR (n=15) PR (n= 11) NC+PD (n=4)

T

LT
f-T]
e
-
=
T
B
predreatmant
Ervor Bar 0.0

VEGF (polsd)

postirautment

Pre-treatment 296,34 211.06 206.69+ 144.29 171259176

Post-treatment 16977+ 144.14 7709+ 44.28 12526+ 43.90

13 0.380

Table 4: Correlation between the change of serum VEGF
before and after treatment and curative efficacy.

Cost and hospital duration

Fig. 2: Comparison of VEGF expression in serum before
and after the use of bevacizumab.

The serum VEGF concentration in patients
with lung adenocarcinoma was 246.79+ 179.51 pg
/ml before treatment, 129.85+ 113.09 pg /ml after
treatment, and the difference was statistically signif-
icant (P < 0.001). This indicated that Bevacizumab

Hospitalization Day
M(P, ~P,)

Bevacizumab 3(2.00 ~4.25) 136.00+75 46 62.00+10.95

OK-432 5(3.00 ~ 6.25) 201.33+66.00 154.00+34.09

z -3.826 -3.826 6919

P <0.001 <0.001 <0.001

Table 5: Comparison of cost -effectiveness between the
two groups.

The length of hospital stay in the bevacizumab
group were 3 days (2.00 ~ 4.25). The care cost was
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CNY 136.00+75.46 and operating cost was CNY
62.00+£10.95. In the OK-432 group, the length of
hospital stay was 3 days (3.00 ~ 6.25). The care cost
was CNY 201.33+66.00, and Operating cost was
CNY 154.00+£34.09 (P <0.001) (Table 5).

Discussion

Treatment effect

Bevacizumab is an inhibitor of VEGF that spe-
cifically binds to VEGF and prevents it from binding
to receptor, thereby inhibiting tumor blood vessels
formation. As a result, it inhibits the growth and
metastasis of tumor cells"*'¥, reduces VEGF blood
vessels permeability, and decreases the development
of serous cavity effusion’®. Pichelmayer et al. first
found that intravenous administration of bevacizum-
ab (15 mg/kg) controlled malignant ascites'”. Be-
cause the treatment of peritoneal effusion requires
local high concentration of drugs, researchers have
directly infused bevacizumab into the peritoneal cav-
ity of patients with malignant peritoneal effusion. It
was found that 5 mg/kg effectively controlled the de-
velopment of effusions, reduced the level of VEGF
in the abdominal cavity, and alleviated the adverse
reactions caused by high concentration®. In this
trial, intrapleural injection of Bevacizumab (5 mg/
kg) was used to treat MPE and the overall effective
rate in the bevacizumab group was 87%. The results
indicated that bevacizumab therapy was an effective
strategy for clinical treatment of MPE. The subjects
included patients diagnosed with lung adenocarci-
noma-induced MPE. A randomized study was con-
ducted to compare the efficacy and side effects of
OK-432 and in the treatment of chest perfusion, and
the results showed that the clinical efficacy of both
treatment strategies was similar.

Safety evaluation

Intravenous injection of Bevacizumab often
causes increased blood pressure, gastrointestinal
perforation, tracheoesophageal fistula, hemorrhage,
reversible posterior leukoencephalopathy syndrome,
thromboembolism, and other adverse reactions. In a
previous study, the incidence of high blood pressure
was 22.4%, the risk of thrombosis was 4.4%, and
the incidence of hemorrhage was more than 16%9.
In this trial, 30 patients treated with OK-432 expe-
rienced chest pain, fever, dyspnea, fatigue, nausea,
and anorexia, with incidence rates of 16 (53%), 21
(70%), 5 (16.67%), 5 (16.67%), 1 (3.33%), and 7
(23.3%) respectively. Among them, 2 patients had

chest pain of grades III-IV , and one patient had
grade IV fever. Although the adverse reactions in the
OK-432 group were all relieved after symptomatic
treatment. the incidence of adverse reactions in the
OK-432 group was significantly higher than that in
the bevacizumab group. Therefore, bevacizumab
therapy effectively controls MPE caused by lung ad-
enocarcinoma and is safer than OK-432.

Effect of bevacizumab on the serum concen-
tration of VEGF

Bevacizumab is a therapeutic drug targeting
the VEGF signaling pathway. It inhibits VEGF sig-
nal transduction, thereby blocking tumor neovascu-
larization and reducing the density of blood vessels.
Bevacizumab also induces the “normalization” of
survivaling vessels in the tumor, reduces the perme-
ability of blood vessels and the interstitial pressure,
improves the anoxic state of tumor blood vessels,
and increases the delivery of drugs to tumor tissues.
Furthermore, Bevacizumab causes degeneration
of existing tumor vessels and cuts off the nutrient
source to the tumor cells®.

In this study, the serum VEGF concentration
in lung adenocarcinoma patients with MPE was
246.79+ 179.51 pg/ml before treatment, 129.85+
113.09 pg/ml after treatment, and the difference
was statistically significant (P< 0.05). Hence, Bev-
acizumab decreased the level of serum VEGF with
MPE caused by lung adenocarcinoma. he intrapleu-
ral infusion of bevacizumab effectively controlled
MPE, suggesting that the mechanism is likely relat-
ed to the inhibition of VEGF expression.

Correlation between the serum VEGF level
and the curative effect

The results of our research and previous studies
showed that MPE was significantly reduced by the
monoclonal antibody Bevacizumab®". It was also
found that baseline plasma VEGF levels were signif-
icantly higher in patients with disease control than
those without control, indicating that the mechanism
of bevacizumab in the treatment of malignant tum-
ors was related to the VEGF pathway®>?¥. However,
some studies have concluded that the relationship
between the increased serum VEGF and the clini-
cal benefit of bevacizumab therapy is not consistent.
The stage III clinical analysis of 1816 patients with
advanced malignant tumors conducted by Hegde et
al. found that increased baseline levels of VEGF-A
were associated with poor prognosis, but it was not
possible to predict the benefit of anti-angiogenic
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therapy(24). In our trail, the concentration of VEGF
in bevacizumab group was 258.41+ 187.93 pg/ml,
and the concentration of VEGF in ineffective group
was 171.25+ 91.76 pg/ml (P> 0.05). There was no
correlation between the expression of VEGF and the
curative effect of thoracic perfusion. A recent Phase
II clinical trial showed that the addition of bevaci-
zumab to carboplatin-pemetrexed chemotherapy for
non-small-cell lung cancer resulted in MPE control
without pleurodesis®.

Correlation between the changes in serum
VEGF and the curative effect before and after
treatment

Research on the role of VEGF in MPE for-
mation and lung adenocarcinoma treatment has not
been conclusive. In this study, the change in serum
VEGF concentration in complete remission patients
with pleural effusion was 126.57+ 99.79 pg/ml, and
the change in partial remission patients was 129.60+
118.54 pg/ml (P= 0.380, P> 0.05). Hence, the cu-
rative effect of single anti-pleural injection was not
related to the change in serum VEGF concentration.
We speculated that bevacizumab may have other
mechanisms in the treatment of MPE.

Conclusion

Intrapleural injection of Bevacizumab treat-
ment of MPE is not only effective, but also is safer
than OK-432. Our result indicate that intervention
with Bevacizumab improve the treatment of MPE by
inhibiting VEGF production. The level of VEGF in
pleural effusion and serum plays a guiding role in
the treatment of MPE. Successful treatment of MPE
represents an ongoing challenge in clinical practice.
Recent scientific progress has shed light on the bi-
ological processes underlying the pathobiology of
MPE. Recently, clinical studies reported in China
showed that the administration of platinum chemo-
therapy drugs plus bevacizumab via intrapleural in-
jection for treatment of MPE improved the clinical
efficacy and increased the quality of life for these
patients. The effective rate of bevacizumab com-
bined with cisplatin in the treatment of MPE was
83.3-90%*Y. In contrast to the reported literature,
this study showed that intrapleural injection of bev-
acizumab (one-time infusion dose of according to
body weight) obtained good efficacy. The care cost
in the OK-432 group was higher than that in the bev-
acizumab group, the length of hospitalization in the
bevacizumab group was significantly shorter than

that in the OK-432 group, and the drug expense was
higher than that of the OK-432 group. With the re-
duced cost of bevacizumab compared with OK-432,
the cost of thoracic perfusion therapy could be re-
duced by 1/2. Intrapleural injection of Bevacizum-
ab was effictive and safe for MPE, with fewer side
effects, shorter lengths of hospital stay, and reduced
direct costs. Currently, there is a lack of high-quality
randomized controlled clinical studies on the dose
and course of intrathoracic perfusion drugs ,which
need to be confirmed by large-scale multi-center
clinical studies in the future.
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