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Abstract

Whole-brain radiotherapy (WBRT) is the mainstay of therapy in treating cancer patients with brain metastases, but unfortunately,
it might also lead to decline in neurocognitive function. This study aims to investigate the preservation of long-term neurocog-
nitive function in patients after hippocampal avoidance whole-brain radiotherapy (HA-WBRT). Retrospectively, 47 patients
diagnosed with brain metastases of non-small cell lung cancer (NSCLC) between 2015-01-01 and 2017-12-31 at the Department
of Oncology, XXX Hospital were selected and divided into 2 groups. Group A (n = 27) received HA-WBRT, whereas group B
(n = 20) received WBRT. Neurocognitive function was analyzed at baseline and at 3, 6, 9, 12 and 24 months after radiotherapy,
using Mine-Mental State Examination (MMSE) scales and Montreal Cognitive Assessment (MoCA) scales. The OS, PFS and tumor
recurrence sites were also analyzed. When evaluated at |12 and 24 months after radiotherapy, the cognitive function scores of the
hippocampal avoidance group were significantly higher than those of the non-hippocampal avoidance group (P < 0.001). In terms
of patient survival, there was no significant difference in OS (P = 0.2) and PFS (P = 0.18) between these 2 groups. Fourteen
patients in group A and |2 patients in group B had brain tumor recurrence after radiation, only one patient in group A occurred
within 5 mm from the edge of the hippocampus (P > 0.05). In conclusion, HA-WBRT might have a protective effect on long-term
neurocognitive function and did not affect patient survival.
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limited to large isolated lesions; SRS is reserved for smaller
lesions in locations which were difficult to access.> Although
WBRT is the major treatment for brain metastases, it causes
long-term and irreversible sequelae of central nervous system,
such as cerebellar dysfunction and dementia, cognitive dete-
rioration, and leukoencephalopathy.3 Moreover, recent clinical
trials reported a dose-response-related risk of decline in neuro-
cognitive function (NCF) related to hippocampal radiation
dose volume that may interfere quality of life of patients.* A
phase III trial conducted at MD Anderson Cancer Center
showed that adding WBRT to SRS increased the risk of a
decline in learning and memory compared to SRS alone
(52% vs 24%, respectively).?

Strong evidence suggested that radiation-induced damage to
the hippocampus was responsible for decline in NCF of the
patients received WBRT.® Hippocampal avoidance whole-
brain radiotherapy (HA-WBRT) has been proposed to preserve
NCF by limiting the dose to the hippocampus.” HIPPO is an
ongoing randomized Phase II trial comparing hippocampal
sparing to conventional WBRT after surgical resection or
radiosurgery. HIPPO hypothesized that irradiation of the bilat-
eral hippocampi may cause part of the adverse neurocognitive
effect from WBRT, and reducing dosage to the hippocampi
may help preserve NCE.® HA-WBRT may delay onset, or
reduce severity of NCF decline without decreased intracranial
disease control, therefore it improves outcome of the patients.”
Previous studies revealed that cells of the hippocampus were
highly sensitive to radiation even at low doses.'® Several stud-
ies have also found that oligometastatic disease was relatively
spared from metastasis in hippocampus.''"'* Complex IMRT
plans have been developed sparing the hippocampus to pre-
serve the NCF during WBRT.'*

To date, the role of HA-WBRT in long-term NCF preserva-
tion has not been completely elucidated. In this 2-year retro-
spective study, our purpose is to evaluate the NCF of the
patients, who underwent WBRT with or without hippocampal
avoidance. Overall survival (OS) and progress free survival
(PFS) was also calculated to verify the impact of HA-WBRT
on survival. Finally, recurrence rate in the brain or in the hip-
pocampus avoidance area was evaluated to elucidate the influ-
ence of HA-WBRT on intracranial recurrence.

Methods

Between 2015-01-01 and 2017-12-31 in Department of Oncol-
ogy, Jiangsu Subei People’s Hospital, 47 patients met the inclu-
sion criteria with non-small cell lung cancer (NSCLC) brain
metastases who received WBRT or HA-WBRT, including 33
males and 14 females. The median age was 65 years with range
from 45 to 83 years. The enrollment criteria were: 1) age > 18
years; 2) KPS score > 70 points; 3) pathological tissue basis of
the primary lesion and enhanced contrast of the skull 3.0 T MRI
suggesting at least one metastasis in the brain. Exclusion
criteria were: 1) Recent (<3 months) cerebral hemorrhage or
cerebral thrombosis that may affect the cognitive history of
cerebrovascular disease; 2) diagnosed mental illness or organic

mental illness; 3) congenital recognition dysfunction; 4) cog-
nitive disorders caused by brain metastasis before radiotherapy
or by metastasis outside the brain, such as Alzheimer’s disease,
Parkinson’s disease and brain trauma dementia; 5) patients
with definitive leptomeningeal metastases; 6) brain metastases
in the brainstem or other life-threatening parts, or located in the
hippocampus avoidance area. MRI images of each patient have
been reviewed by 2 experienced radiologist together to deter-
mine if the patient had metastases in hippocampus avoidance
area. Patients had any suspected metastases near hippocampus
avoidance area were excluded from the study. Signed informed
consent was obtained from all the patients. There were 27 cases
in the hippocampus avoidance group and 20 cases in the non-
hippocampal avoidance group. The brain metastases of all
patients were measured. The longest diameter of single tumor
was measured according to the RECIST standard. The maxi-
mum length of 2 largest measurable lesions was measured for
multiple tumors. Statistical analysis was performed using
GraphPad Prism 8 software or R software version 3.22.
Comparisons were done with t test where appropriate. There
was no significant difference in the size of tumor metastases
between the 2 groups before radiotherapy.

Procedures

Patients were placed with a thermoplastic mask in a neutral
head position. CT scan with contrast was acquired at 2.5 mm
slice. With the same body position, MRI scan with gadolinium
contrast enhanced T1-weighted sequence was acquired at
1.5 mm slice. After a skull and other bony anatomy-based
fusion of the CT and MRI images, images were transferred to
the Eclipse Treatment Planning System (TPS, Version 8.6,
Varian Medical Systems). An experienced neuroradiologist
contoured the clinical target volume (CTV) throughout the
brain and OAR (hippocampus, eyes, lens, optic nerve). Con-
touring of hippocampus was carried out in accordance with the
contouring Atlas of the RTOG 0933 trial'® and defined the area
around the 5 mm edge of the hippocampus Hippocampal avoid-
ance (HA) to achieve the best design plan; Planned target
volume (PTV) including isotropic CTV plus 5 mm edge, and
subtracting HA from PTV to obtain PTV-HA (Figure 1).

The 7F-IMRT and dual arc VMAT plans were designed with
the Varian IX medical electron linac. The delivered dose was
300 cGy x 10 times. The dose rate in the field was 300 MU/ min.
There were 7 planning areas and isocenter illumination. The
angle of view was adjusted according to the actual situation
(Figure 2).

The optimization parameters for the 2 plans were the same.
The maximum dose of OAR was defined as 50 Gy for optic
nerve, 45 Gy for eye and 10 Gy for lens.'® The maximum dose
of hippocampus cannot exceed 20 Gy.'” MU was not limited to
the optimization process of the VMAT program. The dose was
calculated using an Anisotropic Analytical Algorithm (AAA)
algorithm with a dose calculation grid of 2.5 mm.
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Figure 1. PTV-HA and OARs (purple represents hippocampus, and red represents PTV-HA).

Figure 2. Beam-on fields of 7F-IMRT for one patient.

NCF, OS and PFS

The oncology department of our hospital routinely used MMSE
and MoCA to measure the NCF of patients before and after
brain radiotherapy. Following-up NCF was performed at base-
line and at 3, 6, 9, 12 and 24 months after radiotherapy. The
long-term NCF of patients with or without hippocampus avoid-
ance was recorded, including overall orientation, registration,
attention and calculation, recall, language and praxis. The
patient’s OS and PFS were also recorded to assess the impact
of hippocampal avoidance on survival.

Statistical Analysis

Patients receiving WBRT with or without HA in this study
were divided into 2 groups. Group comparisons between con-
tinuous and categorical variables were performed by t-test and
chi-square test, respectively. The MMSE score and MoCA
score were treated as continuous variable at different time
points. Age, gender, education, metastasis were all plausible
factors that could affect the long-term effect of cognitive func-
tion. Thus, simple linear regression was conducted to figure out
the possible factors. One way analysis of covariance
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Table 1. Pretreatment Characteristics of All Patients.

Patient character WBRT + HA (n = 27) WBRT (n = 20) P value
Age 609 + 7.4 63.7 + 10.3 0.28
Gender 0.32
F 6(22.2) 8 (40)
M 21 (77.8) 12 (60)
Education 0.98
College/University 1(3.7) 1(5)
None 2 (7.4) 1(5
Primary 17 (63) 13 (65)
Secondary 7 (25.9) 5(25)
Types of lung cancer 0.40
Adenocarcinoma 15 (55.6) 13 (65)
Squamous cell carcinoma 12 (44.4) 7 (35)
Metastasis 0.10
Multiple 19 (70.4) 10 (50)
Single 8 (29.6) 10 (50)
Mean metastasis number 3.19 + 3.03 4.55 + 4.98 0.25
Metastasis size (mm) 327 + 144 284 + 155 0.33
Other metastasis 0.24
Yes 14 (51.9) 14 (70.0)
No 13 (48.1) 6 (30.0)
Prognostic score (PS) 0.72
<2 22 (81.5) 15 (75.0)
>2 5(18.5) 5(25.0)
RPA grade >0.99
<II 13 (48.1) 10 (50.0)
>1I 14 (51.9) 10 (50.0)
MMSE base line 29.2 + 0.8 289 + 1.1 0.18
MoCA base line 28.7 + 0.8 29.0 + 0.9 0.30

Table 2. Number of Patients Alive Before and After Radiation.

Time (month) 0 3 6 9 12 24
Alive patients
WBRT 20 20 19 19 17 4
WBRT + HA 27 26 24 23 20 6

(ANCOVA) was applied to further validate whether group fac-
tor was an independent factor that would affect patient cogni-
tive decline and its interaction effect with time. Kaplan-Meier
survival analysis and log-rank test were used to evaluate the
difference of OS and PFS between groups. Statistical analysis
was performed using GraphPad Prism 8 software or R software
version 3.22, and the P-values were all 2-sided and considered
significant when less than 0.05.

Results

Between 2015-01-01 and 2017-12-31, we enrolled and ana-
lyzed 47 patients who met the inclusion criteria. Patient char-
acteristics are summarized in Table 1. There were no
significant differences between the 2 arms in terms of age,
gender, education, types of lung cancer, number and size of
brain metastasis, prognostic score, RPA grade and base line of
MMSE and MoCA.

This research evaluated the NCF by the MMSE and MoCA
scales of 47 brain metastases NSCLC patients who received
either WBRT or HA-WBRT. The number of patients alive at
baseline and at 3, 6, 9, 12 and 24 months after radiation is
shown in Table 2. The long-term cognitive function of the
hippocampal avoidance group was significantly higher than
that of the non-hippocampal avoidance group (Figure 3).
Statistical differences were found by the MMSE scale, but were
not by the MoCA scale at 9 months after radiotherapy. There
were significant differences between the 2 groups at 12 and
24 months after radiotherapy. Moreover, single factor linear
regression showed that PS score and irradiation methods had
significant impacts on cognitive function. Other factors,
including gender, age, RPA, education, and metastasis, had
no significant effect on the results (Table 3). It is worth noting
that after 12 months of radiotherapy, statistically significant
differences were observed between these 2 groups in Attention
and Calculation, Language and Praxis, Registration, and Orien-
tation in the MMSE scale. In the MoCA scale, differences were
also found in Attention, Language, Memory, Name, and Orien-
tation, of which differences in Attention and Orientation were
statistically significant (Figure 4).

As we described in Figure 3 that cognitive function trajec-
tory may be associated with time and group, one way analysis of
covariance (ANCOVA) model was applied to further evaluate
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Figure 3. A, MoCA scale score comparison of WBRT and WBRT + HA arms, P value < 0.001 (at 12 and 24 months). B, MMSE scale score
comparison of 2 arms, P value < 0.05 (at 9 months), P value < 0.001 (at 12 and 24 months).

the time, group and their interaction effect on patient cognitive
function decline after controlling for potential confounding
effect derived by invariable linear regression (Table 3). The
result exhibited that there was significant group effect
(F = 59.74, P < 0.01 for MMSE; F = 47.88, P < 0.01 for
MoCA), time effect (F = 143.69, P < 0.01 for MMSE;
F = 131.25, P < 0.01 for MoCA), and the interaction effect
(F=31.41,P<0.01 for MMSE; F =33.27, P<0.01 for MoCA)
in cognitive decline in both measurements (Tables 4 and 5).
For HA-WBRT arm, MRI images of brain recurrence were
compared to original OAR delineation one slice by one slice to

distinguish if the recurrence was within 5 mm from the hippo-
campus and minimize the underestimation of metastases. For
WBRT arm, MRI images of brain recurrence had been
reviewed by 2 experienced radiologists to determine if the
patient had recurrence in hippocampus avoidance area. We
found that among the 27 patients in HA-WBRT arm, 14 patients
(51.9%) had tumor recurrence in the brain, 13 patients had a
recurrence outside the brain, and only one brain recurrence was
within 5 mm from the hippocampus. Among the 20 patients in
WBRT arm, 12 patients (60%) had a recurrence in the brain,
8 patients had a recurrence outside the brain. No patient in
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Table 3. PS Score and Irradiation Methods Had a Significant Impact on Cognitive Function.

MMSE MoCA
t value P value t value P value

Gender —0.49 0.624 —0.44 0.655
Age® 0.21 0.832 0.10 0.913
ps® 2.13 0.038 2.23 0.030
RPA® 0.48 0.629 0.63 0.529
Education® —0.34 0.732 —0.57 0.568
Metastasis (multiple vs single) 0.39 0.696 0.41 0.681
WBRT + HA vs WBRT -3.02 0.004 —4.10 0.000
#Represents continuous variable.

Represents ordered factorial variables.
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Figure 4. A, MMSE scale scores of attention and computation, language and praxis, registration, and orientation of 2 arms had statistically
significant difference at 12 months. B, MoCA scale scores of attention, language, memory, name, and orientation of 2 arms had statistically
significant difference at 12 months (*P < 0.05, **P < 0.01, ***P < 0.001).
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Table 4. Significant Group Effect, Time Effect and Interaction Effect in Cognitive Decline by MMSE Scale.
MMSE MMSE MMSE
Baseline 1-year 2-year F value P value
Radiation therapy 59.74 <0.01
WBRT 29.22 + 0.31 27.23 + 0.59 26.45 + 0.39
WBRT + HA 28.85 + 0.50 2344 + 1.16 2233 + 0.92
Time 143.69 <0.01
Group x time 31.41 <0.01
Table 5. Significant Group Effect, Time Effect and Interaction Effect in Cognitive Decline by MoCA Scale.
MoCA MoCA MoCA
Baseline 1-year 2-year F value P value
Radiation therapy 47.88 <0.01
WBRT 28.74 + 0.32 26.56 + 0.58 25.61 + 0.55
WBRT + HA 29.00 + 0.40 22.04 + 1.14 22.22 + 0.86
Time 131.25 <0.01
Group X time 33.27 <0.01

WBRT arm had brain tumor recurrence within 5 mm from the
hippocampus. These results have shown that hippocampal
avoidance didn’t cause higher recurrence rate in the brain
(P = 0.2) or in the hippocampus avoidance area (P = 0.9)
(Table 6).

The safety of HA-WBRT was further confirmed by the
prognosis of the 2 groups. The results showed that after 2 years
of follow up, there was no significant difference in OS
(P = 0.2) or PFS (P = 0.18). Hippocampal avoidance did not
reduce the OS and PFS of the patients; therefore, it did not
affect the patient’s survival (Figure 5).

Discussion

Historically, surgical resection and SRS with or without WBRT
is used to treat patients with solitary or limited number of brain
metastasis. WBRT alone is used to treat those with multiple
brain metastases.'®'? In patients with brain metastasis, WBRT
was the gold standard treatment and improves tumor control
and patient survival. But WBRT was also associated with con-
siderable neurotoxicity and may reduce patients’ quality of
life.?>?! In this study, the main objective was to investigate
whether HA-WBRT protects long-term NCF for the patients
and whether this technique had an effect on survival, disease
progression, and recurrence. MMSE scale and MoCA scale
were used to evaluate the NCF of NSCLC patients with brain
metastasis receiving WBRT or HA-WBRT at baseline and at 3,
6,9, 12, and 24 months after radiotherapy. OS and PFS were
also included in the study. There was a significant difference of
NCF scores between these 2 groups at 12 and 24 months after
radiotherapy (P < 0.001).There were no significant differences
between the 2 groups in OS (P = 0.2) and PFS (P = 0.18). Only
one patient in the 2 groups had tumor occurred within 5 mm
from the edge of the hippocampus (P = 0.9).

Table 6. Hippocampal Avoidance Didn’t Lead to Higher Recurrence
Rate.

HA-WBRT WBRT
Recurrence site (%) (%) P value
Inside the brain 14 (51.9) 12 (60.0) 0.2
Outside the brain 13 (48.1) 8(40.00 0.8
Within 5 mm from the 1(3.7) 0 0.9

hippocampus

NRG CCO001, a recently published randomized, multi-
center, phase III trial compared conventional WBRT with
memantine to HA-WBRT with memantine. It showed that
HA-WBRT with memantine had better cognitive preservation
with no difference in intracranial PFS and OS. HA-WBRT with
memantine arm showed less deterioration of executive function
at 4 months (P = 0.01) and learning (P = 0.049), memory
(P = 0.02) at 6 months.?* However, in our study, a significant
difference of NCF scores was observed at 9 months by MMSE
scale (P < 0.05, Figure 3) and at 12 and 24 months by both
MMSE and MoCA scales (P < 0.001, Figure 3). NRG CC001
showed a difference in short term cognitive function, but this
study showed a difference only in long term cognitive function.
This difference may be attributable to the small patient number
of this study, and a trend of higher scores of HA-WBRT can be
observed at 6 months (Figure 3). Other than that, different NCF
test batteries were used in both studies. In NRG CCO001, it
included tests of memory (Hopkins Verbal Learning Test-
Revised [HVLT-R]), verbal fluency (Controlled Oral Word
Association [COWA]), processing speed (Trail Making Test
Part A [TMT-A]), and executive function (Trail Making Test
Part B [TMT-B]). Although MMSE and MoCA scales were
widely used for detection of NCF,? it was also showed that
MMSE had relative lower sensitivity in detection of NCF
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Figure 5. A, OS of WBRT and WBRT + HA arms had no statistically significant difference, P value = 0.2 (log-rank). B, PFS of WBRT and
WBRT + HA arms had no statistically significant difference, P value = 0.18 (log-ran).

changes than HVLT test.** The lower sensitivity of MMSE
may also hampered early detection of neurocognitive failure.

Ochlke ef al conducted a similar study in 2015 and concluded
that hippocampal avoidance had a potential impact on neurocog-
nitive function but did not affect patient survival. However, due
to the fact that the survival rate of lung cancer patients was
generally low at that time and their follow-up time was only42
weeks, conclusion remains to be verified.2° In NRG CC001 trial,
data of decline in NCF was only reported before 12 months after
radiation.”? In our work, we showed that significance could be
observed after long-term (12 months and later) follow-up. In
addition, our data showed that no differences in OS and PFS
were observed whether patients received WBRT or HA-WBRT,
indicating that HA-WBRT did not affect the efficacy of WBRT.
Our results suggested that reducing the dose in the hippocampal
might not compromise intracranial tumor control while it could
protect patients’ NCF. Therefore, HA-WBRT is a safe approach
for patients with brain metastasis.

In contrast to the majority of the studies, our retrospective
study is a long-term follow-up process rather than a short-term
one. In the past, long-term follow-up was not possible due to
relative short survival for patients with brain metastasis, so the
effect of hippocampal avoidance technology on long-term cog-
nitive function could not be examined. Nowadays, due to the
advance of tumor therapy such as new anti-tumor targeted
drugs, the prognosis of brain metastasis has dramatically
improved.”®> Therefore, the long-term cognitive function pro-
tection is more important than ever for patients’ quality of life.

There are some limitations to our study, including its retro-
spective nature, a small patient number, single-center experi-
ence, and lack of Quality of Life data. Because of the
retrospective nature of the study, the results could be impacted
by selection bias. There would be confounding factors for

survival, such as a heterogeneous group of patients, disease
status, and systemic treatment plan. As described above,
MMSE may have lower sensitivity. The NCF test batteries
suggested by NRG CC001 may be better options for further
research. It is a long-term follow-up study, 17/20 patients in
WBRT arm and 20/27 patients in HA-WBRT arm survived at
12 months; however, only 4/20 patients in WBRT arm and 6/27
patients in HA-WBRT arm survived at 24 months. The limited
number of patients survived at 24 months may affect the relia-
bility of the results.

It is reported that patients with limited number of brain
metastases had better local control and survival under the treat-
ment of SRS than WBRT.?*?” After the linear accelerator
equipped with cone beam computed tomography (CBCT) in
2018, patients of brain metastases <4 in our hospital were
preferred to receive SRS. But in this study, patients of brain
metastases <4 were treated with WBRT or HA-WBRT, due to
equipment limitations.

Conclusion

At present, hippocampal avoidance technology has not yet
been widely applied because of the uncertainty of its safety
and effect. Results from this study demonstrated that
HA-WBRT might have a protective effect on long-term neu-
rocognitive function. Furthermore, there was no statistically
significant difference in OS and PFS between patients who
underwent HA-WBRT or WBRT. HA-WBRT did not increase
the risk of brain recurrence close to the edge of the
hippocampus.
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