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INTRODUCTION

ABSTRACT

Background: The main purpose of the present study was to evaluate the safety and
efficiency of concurrent administration of hydroxychloroquine (HCQ) and whole brain
radiation therapy (WBRT) in patients with brain metastases. Based on numerous
preclinical reports, inhibition of autophagy by HCQ can significantly enhance the
efficacy of DNA-damaging therapies improving results of radiation therapy. The
primary end point of this study was response to treatment and complications,
determined by the National Cancer Institute Common Toxic Criteria for Adverse Events
(CTCAE) scale V5.0. Material and Methods: Patients with pathologically-confirmed
primary solid malignancies together with single or multiple brain metastases on
magnetic resonance imaging (MRI) were enrolled in the study (n=64). Treatment with
HCQ (200 mg/P.0O. once daily) was begun concurrent with WBRT (total dose of 30
Grays (Gy) in 10 daily fractions) in case group. Control group received the standard
regimen. Results: Analysis of complications and response rate at each follow up points
revealed no statistically significant differences between the case and control groups.
Although, median brain metastasis specific Progression Free Survival (PFS) was non-
significantly longer in HCQ group compared to control. No grade 3 or more severe
toxicities were reported during therapy in both groups of the study. Conclusion:
Although concurrent administration of HCQ with WBRT in patients who suffers from
brain metastases was well tolerated, this combination did not meaningfully improve
outcomes in comparison to WBRT alone.

relieving symptoms, reducing the need for
corticosteroids for controlling tumor related edema

Almost 20% of patients diagnosed with cancer
will progress brain metastasis during their disease
journey, with great portion of them being whose with
breast, colorectal and lung cancers, renal cell
carcinoma and melanoma (). Due to the complicated
nature of the disease, especially when symptomatic,
treatment options at the time of diagnosis are mostly
limited. Furthermore, the choice of surgical resection
is precluded in most cases due to the existence of
several metastases at different sites of brain.
Unfortunately, based on several clinical reports,
chemotherapeutic agents are only effective in a
narrow spectrum of highly chemo-sensitive primary
tumors (24,

The value of radiation therapy, irrespective of the
primary tumor’s histological characteristics, was
confirmed in the treatment of brain metastases
originated from  both radio-resistant and
radio-sensitive tumors (). This peerless potency of
radiation to efficiently alleviate brain metastases
regardless of primary tumor’s histology has turned
whole brain radiation therapy (WBRT) to the
cornerstone of brain metastases therapy through

and potentially, improving the quality of life (6-8),

Yet, an important approach to further improve
WBRT’s efficacy in treating brain metastases is
application of radiation sensitizers. Chloroquine
(CQ) and its most important derivative
Hydroxychloroquine (HCQ), agents with anti-malarial
activity for more than a half of century, are two
potential radiation sensitizers which have recently
been studied for potential application concurrent
with radiation therapy. CQ and HCQ have shown to be
effective in modulating inflammation and immune
responses, as well as improving sensitivity to cancer
therapies. Besides, these agents are capable of
inducing apoptosis through the activation of p53
pathway and blocking autophagy, an important
cellular process sustaining cancer cell survival under
stressful conditions in glioma cells . Most
importantly, based on recent prospective randomized
clinical trials, concurrent administration of low doses
of CQ with external beam radiotherapy and
chemotherapy improved responses to treatment and
enhanced overall survival in high-grade glioma
patients (10.11),
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As HCQ has immunological effects, it may play role
as a safe radiation sensitizer in combination with
WBRT in the management of brain metastasis. In
addition, HCQ and CQ are equipotent in inhibiting
autophagy, the most important mechanism
responsible for their radio-sensitizing effects, and
since HCQ induces less cumulative retinal toxicity (12),
we hypothesized that HCQ may serve as a safer and
better radiation sensitizer in combination with WBRT
in the treatment of brain metastases. In the present
study, we investigated the outcomes of concurrent
HCQ with WBRT in terms of drug tolerability, clinical
response, progression free survival and adverse
effects in Iranian patients with brain metastases.

MATERIALS AND METHODS

Patient selection

Following approval of the study protocol by
“Ethics committee of Tehran University of
Medical Sciences (registration code:
IR.TUMS.VCR.REC.1395.593)”, informed consent was
acquired from each patient. To be considerable for
inclusion in the study, patients must have had a
pathologically-confirmed primary tumor together
with single or multiple brain metastases on magnetic
resonance imaging (MRI) and Karnofsky performance
status (KPS) of more than 70. Patients only received
HCQ in the case which physicians confirmed that the
drug may not cause any complications to them.
Exclusion criteria consisted of pregnancy, prior
history of brain radiotherapy, cardiomyopathy,
hypotension, epilepsy or any hypersensitivity
reactions to 4-aminoquinolone agents. Patients were
also withdrawn from the study if any visual or
auditory complications or severe gastrointestinal
complications including diarrhea or vomiting were
observed during HCQ therapy.

Administration of HCQ during WBRT

All patients underwent computerized tomography
scan (Philips® CT scanner) and whole brain
contouring was performed in all patients prior to
treatment. WBRT was delivered in total dose of 30
Grays (Gy) in 10 daily fractions via a linear
accelerator (Elekta Compact™, Sweden). For
reproducing daily positioning, all patients were
positioned in supine direction while wearing a head
immobilizing mask. HCQ under the brand name of
Modaquenil® (Modif pharmaceutical Co., Iran) was
used in the study. Administration of HCQ with a dose
of 200 mg/day orally began from the first day of
radiation therapy and continued for a total of 4
weeks. The other group was treated with the similar
schedule without HCQ.

Endpoints and statistical analysis
Response to treatment was the primary end point
of the study and also complications, determined by

one score change in patients’ neurological
complications including headache, nausea, vertigo,
ataxia, sensory or motor dysfunction, and visual
disturbance, based on the National Cancer Institute
Common Toxic Criteria for Adverse Events (CTCAE
V5.0) scale (13). Weekly patient visits were performed
during the treatment as well as the first 30 days after
completing the treatment for all patients. Afterwards,
follow up visits continued every 3 months for one
year. Data were analyzed using SPSS software (IBM
®, USA). Mantel-Haenszel test was used for
comparing CTCAE’s scores between two groups of the
study. Progression free survival and toxicities were
included as secondary end points and measured by
the Kaplan-Meier method and univariable
cox-regression analysis.

RESULTS

Patient evaluation

From the year 2016 to 2018, a total of sixty-four
patients entered the study among which 26 were
male and 38 were female. Mean patient age was
56.8+1.4 years while it was 62.7+2.1 and 52.8+1.6
years in males and females respectively. The median
age of the patients was 57 years, ranging from 26-77.
Tumor characteristics, as well as patient’s
demographic data are depicted in table 1. Concurrent
HCQ and WBRT lasted for 14 days and HCQ was then
continued for 14 more days (total of 28 days). The
clinical follow up continued for up to 12 months from
the beginning of HCQ. Fifty-six patients completed the
therapy. Among the 8 withdrawn patients, four died
and 4 were lost to follow because of lack of
compliance to therapy. Remaining fifty-six patients
completed radiotherapy without any treatment
interruptions due to adverse effects or toxicity.
Figure 1 shows a patient with brain metastasis in MRI
(A) and treatment planning based on contouring on
CT slices (B and C).

Clinical response and patient survival

Neurological complications of patients were
evaluated weekly for the first month and then every 3
months following concurrent HCQ and WBRT
therapy. Analysis of complications and response rate
at each follow up visits demonstrated non-significant
differences between the two groups of the study.

At the end of study, twenty-nine patients had
passed away among which fourteen belonged to the
group receiving concurrent HCQ and WBRT. As
depicted in table 2, analysis of the causes of death did
not demonstrate any significant differences between
the two groups. The median progression free survival
(PFS) for the evaluated population was estimated to
be 8.17 months. The estimated six-month PFS rates
for treatment and control groups (0.23 and 0.58
respectively) did not significantly differ from each
other. Same result was also observed for
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twelve-month PFS rates (0.44 and 0.48 respectively).
In addition, although the brain metastases specific
PFS was longer in the group receiving concurrent
HCQ and WBRT, the difference was not statistically
significant (13 vs. 11.9 months, P >0.05). Also,
sub-group analysis for PFS in terms of tumor size,
age, number of brain lesions and having extracranial
metastases, did not demonstrate any significant
differences between the two groups (table 2).

Table 1. Summary of demographic and clinicopathologic data.

Based on the univariate cox-regression analysis,
the relative risk of recurrence or death in patients
aged 55 or older was significantly higher in
comparison to the younger group (P=0.003). Figure 2
represents the differences of PFS between patients
aged 55 or older and younger ones. Other variables
including gender (P=0.17), tumor size (P=0.65),
tumor site (P=0.45), number of brain lesions (P=0.09)
and presence or absence of extracranial metastases
(P=0.06) did not make any significant differences
between groups. The univariate Cox-regression
analysis for clinical characteristics is shown in

Figure 1. 58 years old woman with brain metastasis. A: the
MRI shows an enhancing mass in right frontal lobe, near the
anterior horn of third ventricle, representing a brain
metastasis. B: planning target volume (PTV) was contoured on
axial CT slice (yellow line). Isodoses 95% and 90% were shown
with red and orange lines, respectively. C: lines related to
isodoses 95% and 90% were shown on sagittal view of CT.

Variables N? of Hydroxychloroquine|Control|P value table 3.
patients|
Age NS Table 2. Specific deaths in two arms.
>55 32 16 16 No of . P
<55 32 16 16 patients Hydroxychloroquine|Control value
Missing 0 0 Specific death 0.198
Extra-cranial Brain metastasis| 13 8 5
- 0.446 :
metastasis Extracranial 16 6 10
Present 31 13 18 progression
Absent 31 18 13 Missing 0 0
Missing 1 1
No of lesions 0.005 1.0 Age group
Single 9 8 1 - <=55y
2-4 lesions 24 14 10 —53y
>4 lesions 22 5 17 e
Missing 5 4
Primary origin 0.195 = 06
Breast cancer 21 8 13 g
Lung cancer 20 11 9 @ 0.4
Colorectal 3 4 4
cancer o
Head and neck 4 4 0
cancer
Renal cell 0
carcinoma 2 ! ! y ; H ! :
C ; 0 100 200 300 400
k ancer o. . 2 2 0 Times (davs)
unknown origin Figure 2. Kaplan—Meier curve. As it was shown in the picture,
Ovary 2 0 2 . . . L
- PFS in patients with 55 years and more was significantly lower
Endometrial
1 1 0 compared to the younger ones.
cancer
Prostate 1 0 1 Table 3. Univar able Cox-regression analysis for age, sex, extra
Esophagus 1 1 0 -cranial metastasis, number of lesions and primary origin
Missing 0 2 Standard
Sex 0.446 Risk factors B coefficient error HR [P value|
F""“"T ;g 1? ;i Age (55= / 55%) 12 038 |0.33] 0.003
emale Sex (male/female) -0.48 0.35 [0.62] 0.17
Missing 0 0 Extra-cranial metastasis
-0.7 037 |0.5| 0.06
(absent/present)
No. of lesions (4</4>) -0.65 0.38 |0.52| 0.09
Primary origin )
(breast/other sites) 0.28 0.44 |0.36| 0.52
Primary origin
(lung/other sites) 0.25 0.48 |0.78| 0.61

Treatment toxicity

Hematologic toxicities (such as neutropenia,
anemia and pan cytopenia), cardiac toxicities
(including long QT interval, arrhythmia and
cardiomyopathy), gastrointestinal toxicities
(including nausea, vomiting, diarrhea), neurologic
toxicities (such as headache, blurry vision, vertigo,
and nystagmus), skin toxicities (such as rash and dry
skin), liver dysfunction and hyperglycemia were
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surveyed during determined time intervals during
this study. None of the well-documented toxicities of
HCQ was different between the case and control
group (p value> 0.05). Furthermore, no radiotherapy
treatment interruptions occurred for any patient
during treatment. Also, no grade 3 or more toxicities
were recorded during therapy.

DISCUSSION

The efficacy of numerous schedules of dose and
radiation fractionations in the management of
patients with brain metastases had been evaluated in
different prospective clinical trials, but none had
shown significant improvement in survival so far
(14-17), As results of radiation dose escalations up to
more than 50 Gy did not reveal any significant
improvement in survival outcomes, many
researchers have now focused on using a group of
pharmacological agents with the capability of
radiation sensitizing in order to further the outcomes
of WBRT. Among different studied agents, only few
have shown effectiveness without causing serious
adverse effects (18-22), Motexafin gadolinium and
efaproxaril are two promising examples of these
radio-sensitizers which have shown promising
results in improving survival and quality of life of
breast cancer patients with brain metastases (23-25),

CQ and HCQ, are among the most potent
inhibitors of the process of autophagy. These agents
have long been used for treating malaria, as well as
other disorders including rheumatoid arthritis, and
human immunodeficiency virus (HIV) infection (26-28),
Both agents are available as cost-effective oral
formulations and demonstrate good penetration into
central nervous system. Based on results of in-vitro
studies, doses required for blocking tumor -cell
autophagy and inducing cell death are higher
compared to the ones required for demonstrating
anti-theumatoid and anti-malarial effects. As
autophagy induced by radiation in most cases
provides a protective function in cell culture studies,
autophagy inhibitors may be considered as an
effective group of radio-sensitizers.

In a study performed on 20 patients with
intracranial metastases (NCT01894633), concurrent
administration of 250 mg CQ once daily, started 1
week prior to WBRT, and WBRT resulted in complete
response in two patients and partial response in 16
patients. This treatment did not demonstrate any
grade 3/4 toxicities and evaluated mean overall
survival was equal to 8.9 months (29). Similarly, the
study conducted by Rojas-Puentes et al. 39 showed
that administration of 150 mg CQ concurrent with
radiation for brain metastasis can improve local
control and PFS but not OS.

Since previous studies have shown that adding CQ
to radiotherapy for the treatment of brain metastases
increases the efficacy of radiotherapy and HCQ

causes less toxicity compared to CQ, we decided to
administer HCQ concurrent with whole brain
radiotherapy. This combination treatment was well
tolerated, but the administered dose of HCQ did not
result in any significant improvement in PFS rates.
Also, we observed that PFS in patients with 55 years
and more was significantly lower compared to the
younger ones.

CONCLUSION

Administration of CQ concurrent with brain radia-
tion has been shown to be effective in terms of longer
PFS. However, HCQ does not seem to be a proper al-
ternative for CQ, despite demonstrating a safer toxici-
ty profile.
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