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Is Hippocampal Avoidance During
Whole-Brain Radiotherapy Risky for
Patients With Small-Cell Lung Cancer?
Hippocampal Metastasis Rate and
Associated Risk Factors

Esra Korkmaz Kirakli, MD1 and Ozgur Oztekin, MD2

Abstract
Objectives: Hippocampal avoidance during whole-brain radiotherapy is performed to prevent neural stem cell injury causing
neurocognitive dysfunction. Nevertheless, the estimated risk of metastases in hippocampal avoidance area in small-cell lung cancer is
unknown. The current study aimed to characterize the metastatic distribution within the brain relative to the hippocampus, estimate
the incidence of hippocampal metastasis in patients with small-cell lung cancer, and identify clinical and radiographic variables that
may be associated with the risk of hippocampal avoidance area metastasis. Materials and Methods: Patients with small-cell lung
cancer treated with therapeutic whole-brain radiotherapy between January 2010 and December 2015 were reviewed. T1-weighted,
postcontrast axial magnetic resonance images obtained just before therapeutic cranial irradiation were retrieved and reviewed for
each patient. The hippocampal avoidance area was defined as hippocampus and 5-mm ring area adjacent to the hippocampus to
account for necessary dose falloff between the hippocampus and the whole-brain planning target volume. Metastatic lesions within
hippocampal avoidance area were defined as hippocampal metastasis. Hippocampal metastasis rate and characteristics of patients
with hippocampal metastasis were analyzed and compared to patients without hippocampal metastasis. Results: Fifty-four patients
evaluated with cranial magnetic resonance imaging were enrolled. Hippocampal metastasis rate was 32% (17 patients). A total of 4.4%
of all metastases involved the hippocampal avoidance area. The most common location was frontal lobe. Being younger than 65 years
of age was found to be an independent risk factor for HM (odds ratio: 4.8, 95% confidence interval: 1-23.2, P¼ .049). The number of
brain metastases was significantly higher in patients with hippocampal metastasis (P¼ .027), and hippocampal metastasis rate was also
higher in patients having larger hippocampus (P ¼ .026) and larger brain volumes (P ¼ .02). Conclusion: Hippocampal metastasis
might be more common in small-cell lung cancer. Reducing the dose to the hippocampus by hippocampal avoiding whole-brain
radiotherapy plan in small-cell lung cancer may be risky for the development of HM compared with other malignant solid tumors.
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Introduction

New memory is composed of neural stem cells located in the

subgranular zone of the hippocampus (HP), which have life-

long mitotic activity and are radiosensitive. Neural stem cell

compartment injury has been suggested to be the cause of

radiation-induced early cognitive decline.1-4 Recent clinical

studies have shown a dose–response-related risk of postra-

diotherapy decline in neurocognitive functions due to radiation

dose received by the HP that may reduce patients’ quality of

life.5 Similar morbidity has been observed after prophylactic

cranial irradiation (PCI) in patients with lung cancer also.6-9

The rationale for avoiding the hippocampal neural stem cell

niche during whole-brain radiotherapy (WBRT) in patients

with brain metastases (BM) or for prophylactic purposes is

based on the theory that this approach may delay or reduce the

onset, frequency, and/or severity of neurocognitive dysfunction

without compromising intracranial disease control, thereby

improving therapeutic ratio. Multiple Linear accelerator

(LINAC)-based intensity-modulated radiotherapy (IMRT) and

tomotherapy treatment planning techniques have been identi-

fied for hippocampal avoiding WBRT (HA-WBRT) so far.10-12

These techniques have demonstrated the ability to reduce mean

dose to neural stem cell compartment by at least 80%, while

providing acceptable coverage and dose homogeneity to the

remaining whole-brain parenchyma.13 Nevertheless, the risk

of disease progression within the HA area due to the risk of

missing micrometastasis is a major challenge.14 Therefore, the

issue of whether or not to spare the hippocampal region is an

area still debated. Regarding this challenge, current data are

lacking on the risk of hippocampal metastasis (HM), especially

in small-cell lung cancer (SCLC).

The objectives of this study were as follows: (1) to charac-

terize the distribution of metastatic lesions within the brain

relative to the HP and designate the baseline incidence of

metastasis in HA area in patients with SCLC presenting with

BM both de novo (patients who were found to have BM at the

time of diagnosis or who were found to have BM while receiv-

ing or immediately after chemotherapy and who did not

receive prophylactic WBRT [P-WBRT] or therapeutic WBRT

[T-WBRT] before) or after central nervous system (CNS) pro-

gression (patients who experienced CNS progression after

P-WBRT or T-WBRT), (2) to estimate the risk of progression

of disease in HA region for patients with SCLC after HA-

WBRT technique by the assumption that BM development risk

in HA area is in the same scale as at presentation with BM, and

(3) to identify clinical and radiographic variables that correlate

with the risk of metastasis in HA area.

Materials and Methods

Between January 2010 and December 2015, all consecutive

patients with SCLC presented with BM and treated by T-

WBRT were reviewed retrospectively. All patients irrespective

of the number of BM were included. Patients who had BM

diagnosed by cranial computed tomography (CT) or non-

contrast-enhanced (CE) magnetic resonance imaging (MRI),

patients with leptomeningeal metastases, and patients who had

accompanying pathologically non-small-cell lung cancer com-

ponent were excluded.

The initial pretreatment T1-weighted, postcontrast axial MRI

(1.5 or 3 T) images showing intracranial metastatic disease were

retrieved from hospital records and reviewed for each patient.

Image sets were imported to the Monaco treatment planning soft-

ware (version 5.0; Electa Business Area Software Systems, Mary-

land Heights, MO) for contouring. Hippocampus and each

metastatic lesions were contoured on T1-weighted MRI axial

sequences by a neuroradiologist (Figure 1). Anatomic boundaries

of HP were delineated according to radiation therapy oncology

group (RTOG)-0933 protocol.8 The HA area (including the HP)

was generated by expanding the hippocampal contour by 5 mm

volumetrically to simulate planning at risk volume that accounts

for systematic setup error and necessary dose falloff between the

HP and the whole-brain clinical target volume (CTV).

The percentage of whole-brain volume occupied by the vol-

ume of HA area is calculated by volume of the HA area divided

by whole-brain CTV. The volume of each metastasis as well as

its location in brain parenchyma and the distance from the HP

were recorded. Metastatic lesions were grouped as within HP

proper, in HA area, and in the rest of the brain if they were

outside the expansion volume.

Definitions

(1) Patients who were found to have BM at the time of

diagnosis or who were found to BM while receiving

Figure 1. Contrast-enhanced axial T1 magnetic resonance imaging

(MRI) of a patient who had 6 brain metastases (BM), one of them

(1.7 cm3) was located just in the center of hippocampus (HP) proper

(shown in yellow). Hippocampus is shown in blue, HPþ 5 mm in red.
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or immediately after chemotherapy and who did not

receive P-WBRT or T-WBRT before were defined as

“de novo” metastatic group. Patients who experienced

CNS progression after T-WBRT or P-WBRT were

defined as “CNS progressing group.” Central nervous

system progression was defined as the development of

new metastatic lesion or 30% increase in size of a target

lesion, according to the Response Evaluation Criteria

In Solid Tumors.15

(2) Patients were also classified as oligometastatic (1-3

metastases) or nonoligometastatic (�4 metastases).

(3) Hippocampal metastasis was defined as the metastatic

lesion located in the HA area (HP proper and/or HP þ
5 mm volume). “Rest of brain” was used to define the

lesions located 5 mm further than HP.

Statistical Analysis

Statistical analysis was performed using SPSS 21.0 software

(SPSS Inc, Chicago, Illinois). Continuous variables were

expressed as median (25th-75th percentiles), and categorical

variables were expressed as n (%). Comparisons were done

with Mann-Whitney U test or Fisher exact test where appro-

priate. A P value of <.05 was considered significant.

Results

Fifty-four patients with SCLC presented with BM who were

evaluated with CE cranial MRI and treated with T-WBRT were

enrolled. The HM rate was 32% (17/54 patients).

All demographic data including age, gender, number of

metastases, HP and brain volumes, and the comparisons of

these variables between patients who have HM and who do

not are summarized in Table 1. There was a significant

hippocampal and brain volume difference between patients

who had HM and who did not. Nevertheless, the HP to brain

volume ratio was comparable. On average, the volume of the

HA area occupied 3.2% of the whole brain.

Hippocampal metastasis to brain volume ratio, total volume

of metastases, having multimetastases, being younger than

65 years of age, and having extensive disease were included

into a logistic regression model to evaluate their effect on

having HM. Only being younger than 65 years of age was

found to be an independent risk factor for HM (Table 2). In

17 patients having HM, 13 were under the age of 65.

Of 54 patients with BM, 50 (92.5%) patients were in the de

novo group. There were 4 patients in the central progressing

group who received cranial irradiation previously. Two of them

developed BM after P-WBRT and 2 had CNS progression after

T-WBRT. Two patients progressing after P-WBRT developed

5 deposits, 2 of them were in HP proper and 1 was in HP þ
5 mm area, resulting in 3 of 5 of lesions in the HA area. Of 2

patients progressing after T-WBRT, none of them had lesion in

the HA area.

A total of 446 metastases were analyzed in 54 patients. This

yielded a median 3 (1-6) metastases per patient, with a median

volume of 3.8 cm3 (1.1-10.4 cm3) per metastasis. The number

of patients with oligometastasis was 15 (28%). Although the

HM rate was 25% in patients with oligometastasis, it was 39%
in patients without oligometastasis (P ¼ .38).

The total number of metastases was significantly higher in

patients who had HM (P ¼ .027). But the total volume of

metastatic lesions was comparable (P ¼ .10; Table 1).

We found that 4.4% of all metastases involved the HA area;

2.2% of metastases were located within the HP proper and

2.2% were in HPþ 5 mm volume. Most of the metastases were

located in the rest of brain area. Eight patients had metastases

in HP proper and 9 had in HP þ 5 mm area (Figure 2).

Table 1. Patient Characteristics and Comparisons Between Patients With and Without Hippocampus Metastasis.a

Patient Characteristics Total HP Metastasis (�) HP Metastasis (þ) P

Male gender, n (%) 47 (87) 33 14 .66

Age, years 62 (56-68) 63 (56-70) 61 (56-64) .34

HP volume, cm3 12.5 (10.7-15.1) 11.4 (10.4-14.3) 14.1 (12.4-15.2) .026

HA area volume, cm3 43.7 (37.9-49.4) 41.4 (37.1-49.6) 46.6 (43.3-48.8) .052

Brain volume, cm3 1403.1 (1294.1-1511.1) 1386.4 (1268.9-1494.4) 1464.3 (1401.6-1529.5) .02

HP/brain volume (%) 0.89 (0.77-1.04) 0.87 (0.74-1.03) 0.95 (0.87-1.01) .17

HA area/brain volume (%) 3.2 (2.9-3.4) 3.1 (2.8-3.4) 3.2 (2.9-3.4) .59

Total number of metastases, n 3 (1-6) 2 (1-4) 6 (3-10) .027

Total volume of metastases, cm3 3.8 (1.1-10.5) 2.9 (1.1-9.8) 6.7 (2.2-15.6) .10

Oligometastatic/nonoligometastatic patients, n 31/23 23/14 8/9 .38

Abbreviations: HA, hippocampal avoidance; HP, hippocampus.
aData are presented as n (%) or median (25th-75th percentiles).

Table 2. Logistic Regression Analysis for Incidence of Hippocampus

and/or Hippocampal Avoidance Area Metastasis.

Variable OR 95% CI P

HP/brain volume 4.1 0.2-72.7 .34

Total volume of metastases 1.1 0.9-1.1 .16

Being <65 years of age 4.8 1-23.2 .049

Having extensive disease 2 0.4-9.1 .36

Having multimetastases 2.9 0.6-12.7 .14

Abbreviations: CI, confidence interval; HP, hippocampus; OR, odds ratio.
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Thirty-four (63%) patients had extracranial metastases at the

time of evaluation, bone being the most common site (16/34),

followed by adrenal (12/34) and liver (10/34). Twenty-two

percent of patients had solitary, 19% had 2, and 58% had 3

or more extracranial metastases. Patients with extracranial

metastases tend to have more HM, but this increase was not

significant (35% vs 25%, P ¼ .54). The most common location

of metastasis was frontal lobe followed by cerebellum and

temporal lobe (Figure 3).

Discussion

The main finding of this study is the high percentage of HM in

patients with SCLC having brain metastasis. We found that 8

patients had metastases in HP proper and 9 patients in HP þ 5

mm volume, which make a total of 17 (32%) patients having

metastases in the HA area. Hippocampal metastasis risk

increases significantly in patients with �65 years of age. The

number of BM was significantly correlated with HM risk, and

the risk is higher in nonoligometastatic patients. Hippocampal

Figure 3. Distribution of all metastases according to the location in the central nervous system.

Figure 2. Distribution of patients with brain metastasis according to the distance from the hippocampus (HP).
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metastasis rate was higher in patients having larger HP and

larger brain volumes, which can be stated as the first finding

in the literature.

It has to be stated that all patients irrespective of the number

of BM were included in the current analysis in contrast to most

other studies.13,16,17 Therefore, the high rate of HM in our data

might be the consequence of relatively higher incidence of

nonoligometastatic disease seen in our patient cohort, which

is very common finding in SCLC histologic subgroup.13,17,18

Also Marsh et al described that HM was significantly higher in

nonoligometastatic patients compared to oligometastatic ones,

93.8% versus 6.2%, respectively.17 In contrast, in a cohort of

Wan et al, nonoligometastatic patients’ rate was only 22.5%.19

In the current study, the number of BM was significantly

correlated with HM risk in agreement with Sun et al.2 In

RTOG-0933, also there was a trend between the number of CNS

metastatic deposits and the risk of metastasis in the HA area.13

Although there wasn’t any correlation between age and risk

of HM in many studies,2,16,20 Wu et al reported that age �60

years was an independent risk factor for HM,21 similarly being

younger than 65 years of age seemed to be independent risk

factor in our study.22 Also HM was higher in patients with

larger HP and larger brain volumes, which is a unique finding

so far. By combining these 2 findings, it can be suggested that

younger patients having higher volume of HP and brain23,24-

may have higher risk of HM, in whom neurocognitive morbid-

ity is a much more important challenge to deal with.

Contrast-enhanced MRI has higher sensitivity and specificity

relative to non-CE-MRI or CE-CT for the detection of BM in solid

tumors and lung cancer.18,25-28 National Comprehensive Cancer

Network (NCCN) 2017 guideline states that cranial MRI is more

sensitive than cranial CT and is preferred over CT for initial

evaluation of patients with SCLC.29 Seute et al revealed that, in

contrast to CT era, estimated prevalence of BM, silent metastases,

solitary metastases, and multiple metastases increased and non- or

undetectable micrometastases decreased in the MRI era.30 Ram-

lov et al evaluated intracranial relapse pattern after PCI and

revealed that 5 of 21 relapsing patients had metastases in the

limbic system. Six MRIs and 18 CT scans were available for these

relapsing patients and they claimed these numbers might had been

even higher if all patients had MRI, and they claimed that reduc-

ing the radiation dose to HP in patients with SCLC during PCI

might not be safe.18 Therefore, patients who had BM diagnosed

by cranial CT or noncontrast MRI were excluded from our study

as this may underestimate the real incidence of HM.

To our knowledge, there has been only 1 study evaluating

HM specifically in SCLC. In this retrospective study, Kunda-

pur et al evaluated 67 patients with SCLC with BM by cranial

CT and/or MRI. Hippocampal metastasis rate was only 5.7%,

and 0.9% of lesions was in the HA area.20 But neither the

percentage of patients who were evaluated only by CT nor the

use of contrast agent was mentioned in detail, so this radiolo-

gical underevaluation might be the cause of such lower rates of

the HA area metastasis when compared with the current study.

Data regarding the relapse risk in the HA area in SCLC after

HA P-WBRT or T-WBRT are unclear because of the lack of

clinical data. There are only 2 prospective data available

regarding HA T-WBRT and both of them excluded patients

with SCLC. The first one is single-armed phase II RTOG-

0933 trial, in which 67 of 113 patients progressed after HA

T-WBRT and only 4.5% progressed in the HA area, which was

much lower than the prior estimated risk (8.5%) in a safety

profile study by the same group.1,13,16 They excluded patients

with SCLC because of general assumption that these patients

would have more diffuse distribution of metastases in brain,

thus an increased risk of HM in contrast to other malignan-

cies.20 The second data are from early results by Oehlke et al:

the progression in the HA area was 2 (10%) of 20 in 40 weeks

in different primaries other than SCLC.31

Currently, there are 6 retrospective series evaluating HM

risk in patients with brain metastasis with different histological

primaries. In these studies, patients with SCLC occupied only a

small size of patient populations (10-44 patients), and HM rate

in SCLC has a wide range between 2.1% and 45%.14,16,17,19,32

Among these studies, Harth et al reported in subgroup anal-

ysis that the metastasis rate was 45.5% (5/11 patients with

SCLC) in the HA area, which is even higher than ours and

might be the result of proper radiological evaluation done by

CE-MRI in all patients and recruitment of patients having more

than 10 metastases, which has a similar study design with the

current study.14

In a review of 107 patients, Marsh et al reported higher

percentage of limbic metastases among 11 patients with SCLC

(2.1% HP and 4.8% other limbic sites) compared to other histol-

ogies. They explained this by higher presentation rates of non-

oligometastatic patients (64%) among patients with SCLC.17

It is very difficult to interpret the results to make a conclu-

sion about the safety profile of HA P-WBRT. The major chal-

lenge is the wide range of primary cancer types, different

imaging modalities, inclusion criteria in terms of burden of

metastatic deposits, definitions of HM (HP proper, HA area,

limbic circuit) and patients with oligometastasis, and absence

of contouring details, all might have significant impact on

outcomes.

In summary, except Harth et al, the studies might have

underestimated the risk of metastases in the HA area in SCLC,

which might be because of the following explanations.

(1) We included patients who had BM diagnosed by CE-

MRI. This could explain the underestimated risk of HP

metastases in some of the other studies using CT for

metastasis detection and HP contouring.20

(2) We included all patients irrespective of their number of

cranial metastases because of the disseminated nature

of BM seen in patients with SCLC. Exclusion of mili-

ary metastases and patients having more than 10 metas-

tases or recruitment of patients with oligometastasis in

some studies may be the other cause of underestimation

of the risk of metastases to the HA area,1,16,32 because

most of the metastases in the HA area were detected

more commonly in nonoligometastatic patients, which

in line with the literature.2,17
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(3) Sample sizes of patients with SCLC in recent studies

were relatively small (from 10 to 44 patients)14,16,17,19,32

even some of them excluded patients with SCLC from

their cohort.13,31

(4) Interobserver variability in delineating HP and using

different contouring techniques might be another

reason.

In our study, HP was delineated according to RTOG HP

contouring atlas by a dedicated neuroradiologist. Figure 1

shows an example of our HP contouring and of a metastasis

lying in HP proper. Because of the retrospective nature of the

study, MRIs were not done for the purpose of HP delineation so

they did not meet the criteria of RTOG, in which 1.25-mm slice

is recommended to contour the HP accurately. This might

result in overestimation of actual volume of the HA area. For

this reason to test ourselves, we evaluated the percentage of

whole brain volume occupied by the HA area, and the results

were in agreement with the findings of Gondi et al (2.1%) and

Kundapur et al (2.7%).10,20 Whether this correlation done or

the RTOG HP contouring atlas was considered is not clear in

most of the studies.14-16 The slice thickness of MRI images was

not described in these studies either, except by Wan et al (6 mm),

which is an inaccurate thickness for HP delineation.17,19 If we

also consider the effect of contouring the HP on CT images in

certain number of patients in some of the studies, the higher risk

of HM in our results would be easier to interpret.

Our final result implies that frontal lobe was the most com-

monly involved location, followed by cerebellum and temporal

lobe, which is in line with the literature.32 Our study has inevi-

table limitations. First, it is a retrospective, single-centre study

probably leading to a negative impact on the external validity of

the outcomes. Second, findings are based on a small number of

patients and an occurrence of a selection bias is possible because

of the fact that only patients available with CE-MRI imaging

were included. Third, HP contouring was performed by a single

neuroradiologist who was only available for our center, which

makes the k statistics (interobserver agreement) unavailable for

this study. Last but not least, the assumption of BM development

risk in the HA area after HA-WBRT is in the same scale as at

presentation with BM was based on an analysis of baseline inci-

dence of HM, which is similar to previous studies.14,16,20 The

best way to evaluate the risk of HM is to randomize patients into

HA-WBRT or WBRT and follow them with sequential imaging,

but to our knowledge, no such data exist in the literature.

Conclusions

Reducing the dose to the HP by HA-WBRT plan, especially for

PCI in SCLC, might create an additional risk for the emergence

of new BM within the HA area. As far as we know, this is the

first study estimating HM risk specifically in patients with

SCLC who were evaluated thoroughly by CE-MRI, which

should be the standard imaging tool for the diagnosis of BM

to be able to rule out underdiagnosis. As we know, almost 60%
of patients with SCLC eventually develop BM in their disease

course,17 and these metastases have a tendency of being dis-

seminated in nature. We claim that HP is not a region with

lower risk of metastases for SCLC, with an estimated risk of

32%; therefore, sparing of HP would be risky in SCLC in

contrast to other solid tumors.

Nevertheless in SCLC, HA-WBRT during either T-WBRT

or P-WBRT warrants further evaluation as part of planned

clinical trials. NRG CC003 is a National Cancer Institute–

approved randomized phase II/III trial of HP avoidance during

PCI for SCLC, which started recruiting patients by December

2015.33 This study might explain the real risk to the HA area

metastases in SCLC in near future. Until then, it is quite likely

that the trade would be going on between doctors and patients,

considering risk of neurocognitive dysfunction and risk of

progression in the HA area which could adversely worsen cog-

nitive function even more than conventional P-WBRT does.
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