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Introduction

In Australia, approximately 13,300 people were 
diagnosed with lung cancer in 2020, of which small 
cell lung carcinoma (SCLC) accounted for approxi-
mately 15% of all cases diagnosed annually [1]. The 

incidence of SCLC is increasing and overall prog-
nosis remains poor. One third of cases have limited 
disease confined to the chest and are managed with 
concurrent chemo-radiation, with prophylactic 
cranial irradiation (PCI) reserved for those who 
have a complete clinical response. Two thirds of 

AbstrAct

background: hippocampal avoidance techniques are an evolving standard of care for patients undergoing cranial irradia-
tion. Our aim was to  assess the oncological outcomes and patterns of failure following hippocampal avoidance prophylactic 
cranial irradiation (ha-pcI) as a standard of care in unselected patients with both limited and extensive stage small cell lung 
carcinoma. 

Materials and methods: consecutive patients with small cell lung carcinoma with a complete (limited stage) or good partial 
(extensive stage) response following chemotherapy were eligible to receive ha-pcI, with a total dose of 25 Gray in 10 frac-
tions. all patients had a negative baseline MrI brain scan with gadolinium prior to ha-pcI. patients had baseline and follow 
up common Toxicity criteria adverse event assessments. Following completion of ha-pcI, all patients had three-monthly MrI 
brain scans with gadolinium until confirmation of intracranial relapse, as well as three-monthly cT of the chest, abdomen and 
pelvis. Overall and progression-free survival were calculated using the Kaplan-Meier method.  

results: a total of 17 consecutive patients, 9 men and 8 women, with a mean age of 70 years received ha-pcI between May 
2016 and June 2020 after completion of their initial chemotherapy. There were no Grade 4 or greater adverse events. No pa-
tient had an isolated hippocampal avoidance zone relapse alone; three of 17 patients had multifocal relapses that included 
the hippocampal avoidance zone. 

conclusion: In our series, there were no hippocampal only relapses and we conclude that ha-pcI is a safe alternative to 
standard pcI in the setting of small cell lung cancer. 
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cases have extensive stage disease and are man-
aged initially with chemotherapy, with consolida-
tive thoracic irradiation and PCI reserved for those 
with at least a good partial response. Given the high 
preponderance of brain metastases, PCI has been 
a cornerstone of treatment for over twenty years 
[2]. Given the potential for treatment related neuro-
toxicity, alternative treatment modalities including 
hippocampal avoidance techniques, as well as close 
MRI surveillance with early salvage with stereotac-
tic radiation are being investigated in prospective 
clinical trials. 

Small cell lung carcinoma has an aggressive bio-
logical behaviour and early brain metastases are 
common, with up to 50% of patients developing 
intracranial metastases during follow up [3]. Me-
dian survival for patients with limited stage disease 
is 18–24 months, while for those with extensive 
stage disease median survival is approximately 12 
months. 

Recent improvements in therapy, including ear-
lier detection through lung cancer screening pro-
grams, improved technological advancements in 
the delivery of radiation therapy, improved symp-
tom management as well as the increasing use of 
immunotherapy, will likely result in a longer me-
dian survival for future patients. Thus, the multi-
disciplinary management of intracranial metastases 
and the need to balance their management with the 
risk of late toxicities — which patients may live to 
develop — has become progressively more impor-
tant with time. 

Historically, PCI has been demonstrated to re-
duce the incidence of brain metastases by up to 
50%, but at the cost of impairment of neurocogni-
tive function as well as a reduction in health-related 
quality of life (QoL). This radiation induced neuro-
cognitive decline is thought to be due to depletion 
of the neural stem cell population in the subgranu-
lar zone of the hippocampal dentate gyrus. The 
hippocampi are paired structures, one on each side 
of the brain which are part of the limbic system, 
and they play a critical role in the consolidation 
of short-term memory to long-term memory. The 
hippocampi also facilitate spatial memory to al-
low navigation and may be damaged during cranial 
radiation. With increasing knowledge of the role 
of hippocampus in the consolidation of short term 
memory [4], attention has turned to hippocampal 
avoidance PCI, based on the initial work of Gondi 

et al. [5]. While randomised trials on the utility of 
HA-PCI versus PCI are still in progress, many cen-
tres offer HA-PCI as a standard of care and it has 
been in use at our institution for patients undergo-
ing cranial irradiation since 2016.

Earlier trials and meta-analyses in patients with 
limited stage disease supported the use of PCI 
through a clear demonstration of a reduction in the 
development of brain metastases as well as the im-
pression of a specific overall survival advantage [2]. 
Similar data was published regarding patients with 
extensive stage disease when the EORTC published 
their trial in 2007 [6]. The trial established the use 
of PCI by demonstrating a two-thirds reduction in 
the incidence of brain metastases, as well as an al-
most doubling of the 1 year overall survival in these 
patients, with around 13% in the control arm ver-
sus 27% in the PCI arm, hazard ratio (HR) = 0.68, 
p = 0.003 [6].   

Conflicting results regarding a possible survival 
advantage came to the fore with the publication of 
the Japanese Clinical Oncology Group study [7]. 
Takahashi et al. randomised patients with exten-
sive-stage disease to either upfront PCI or to mag-
netic resonance imaging (MRI) brain surveillance 
following completion of first line chemotherapy. 
The study found no difference in overall survival 
between the two arms, and the study was halted 
early as a consequence. The conflicting results be-
tween these two trials may be explained in a large 
part by the utilisation of rigorous MRI screening 
at trial entry, as well as differences within the trial 
populations. Based on these findings, there has been 
a new focus on moving away from conventional 
PCI. Alternatives including close MRI surveillance 
and the omission of PCI with use of radiosurgery 
on relapse [8], the addition of memantine as a neu-
roprotective agent [9], and use of novel agents such 
as atezolizumab are all under investigation or enter-
ing clinical use [10].

In the present study, we report on the oncological 
outcomes and patterns of failure following HA-PCI 
as a standard of care in unselected SCLC patients 
treated at a regional cancer centre. 

Materials and methods

From May 2016 to June 2020, patients at our 
regional cancer institution with SCLC without 
progression after initial therapy were offered PCI. 
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Following informed consent discussion regard-
ing the evolving evidence of potential cognitive 
benefits versus relapse risk of conventional PCI 
versus hippocampal avoidance PCI (HA-PCI), all 
patients were offered the choice of either treat-
ment modality. Local department protocol re-
quired patients undergoing HA-PCI to have a MRI 
brain scan (1.25 mm slices with 3D reconstruction 
and intravenous gadolinium contrast) to exclude 
the presence of brain metastases pre-treatment as 
per the RTOG 0933 radiation therapy planning 
guidelines [11]. This protocol also allowed accu-
rate delineation of the hippocampi during radia-
tion therapy planning, and for patients to undergo 
post-treatment 3-monthly MRI brain scans to al-
low for early salvage where intracranial relapse has 
been demonstrated.

radiation therapy procedure
All patients undergoing HA-PCI were treated 

using volumetric modulated arc therapy (VMAT) 
technique with 6 Megavoltage photons to a total 
dose of 25 Gray in 10 fractions, once daily over 
2 weeks, prescribed as per ICRU 83 [12]. Simula-
tion included the use of reinforced thermoplastic 
mask, head rest and knee rest to ensure accurate 
reproducibility of set up. The hippocampi were 
volumed using the fused pre-treatment MRI, and 
a standard 5mm isotropic expansion was used to 
create the hippocampal avoidance zone (HAZ) 
as per RTOG 0933 [5]. The clinical target volume 

(CTV) was created by voluming the whole brain, 
and a 3mm isotropic expansion was used to create 
the whole brain planning target volume (PTV). 
A bi-directional VMAT arc in the transverse plane 
and a non-coplanar bi-directional VMAT arc in 
the sagittal plane were used to deliver dose to the 
PTV while sparing dose to the hippocampi. An 
HA-PCI plan in coronal and axial views is illus-
trated in Figure 1.

Planning aims were based on those used in the 
study by Redmond et al. [13]: mean hippocampal 
dose < 8 Gy, and minimum 90% of prescribed dose 
to be delivered to 90% of the whole brain target. 
Additional constraints included hippocampal max-
imum dose < 12 Gy, PTV D2% < 120% TD (minor 
violation < 125% TD), PTV D80% > TD, lenses max 
dose < 5 Gy (minor violation < 10 Gy), orbits max 
dose < 25 Gy (minor violation < 30 Gy), and brain-
stem, optic chiasm and optic nerves max dose < TD 
(minor violation < 125% TD). All patients had daily 
image guidance with cone-beam CT.

The electronic medical record (Mosaiq®, Elekta, 
Crawley, United Kingdom) of all patients was retro-
spectively reviewed for dates of diagnosis, treatment 
dates, date and site of first progression, first intra-
cranial progression, first hippocampal progression, 
death, and date of last follow up. We also reviewed 
all recorded toxicity assessments for all patients as 
well as parsing of the electronic medical record for 
qualitative evidence of any gross neurocognitive 
deficit. For those patients with intracranial relapse, 

Figure 1. sample isodose distribution above the 50% isodose on a hippocampal avoidance prophylactic cranial irradiation 
(ha-pcI) plan in (a) coronal and (B) axial views. Outlined structures are hippocampi (dark green), hippocampal avoidance 
zones (mid green), brain-stem (orange), orbit (yellow), clinical target volume (cTV) (red), planning target volume (pTV) (blue)
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the MRI from first intracranial relapse was fused 
to the patient’s original plan to determine the loca-
tion of first intracranial progression, and whether it 
was within or outside the hippocampal avoidance 
zone. A composite plan of the surrogate patient 
with the median whole brain CTV volume in our 
series was used to demonstrate the hippocampal or 
non-hippocampal location of all brain metastases 
for all patients in our series (Fig. 2).

Neurocognitive assessment
Baseline and interval assessments of the cog-

nitive disturbance and concentration impairment 
adverse event domains of the Common Toxicity 
Criteria Adverse Events (CTCAE) v4.0 [19] were 
available for all patients. Qualitative information 
was parsed from the electronic medical record to 
supplement this.  As this was purely a retrospective 
analysis and not a clinical trial, no additional neu-
rocognitive or QoL instruments were utilised over 
and above our normal standard of care. 

statistical procedures
MedCalc v19 0.4 (Ostend, Belgium) was used 

to perform Kaplan-Meier analysis of time to first 
intracranial progression, progression-free and 
overall survival. Progression-free survival (PFS) 
and overall survival (OS) were calculated from 
the commencement of treatment to progression 
or last follow up, or to death or last follow up, 
respectively.

ethical approval
This retrospective study received approval from 

the North Coast New South Wales Human Research 
Ethics Committee (reference 2019/ETH12669). 

results

Between March 2016 and June 2020, 17 pa-
tients with SCLC met the criteria for inclusion in 
this retrospective study, and all had at least one 
post-treatment MRI brain scan available for review.  
Patient demographics for the cohort are displayed 
in Table 1. One patient was > 80 years; this patient 
was treated on the basis of their clinical factors 
and an ECOG status of 1. All patients with limited 
stage SCLC had platinum-etoposide chemotherapy 
concurrent with thoracic radiotherapy (50 Gray / 
25 fractions) prior to PCI. Patients with extensive 
stage SCLC had initial platinum-etoposide chemo-
therapy, with subsequent decision on sequencing 
of thoracic consolidation and PCI individualised to 
the patient (Tab. 1). No patient had immunotherapy 
as part of their initial therapy. 

Target brain coverage (brain D90 > 90%) was met 
in all patients. Regarding organ at risk constraints, 
no patient had a major planning violation. Seven 
patients had minor violations — within 0.5Gy on 
PTV D80 — and one patient had a minor viola-
tion on PTV D2 (PTV D2 = 121%). Lenses met 
ideal constraints 50% of the time, and orbits met 
constraints in all plans. Minor violations for the 

Figure 2. composite image demonstrating location of brain metastases in the (A) axial and (b) sagittal planes. The orbits 
(yellow), brainstem (orange), hippocampi (dark green), and hippocampal avoidance zones (mid green) are outlined for 
orientation. Metastases overlapping hippocampal avoidance zones are red, metastases not overlapping hippocampal 
avoidance zones are blue
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brainstem, optic chiasm and optic nerves were seen 
in some patients, occurring in two-thirds of plans. 
Mean hippocampal dose constraints were met in 
13 of 17 patients as prioritisation was given to ad-
equate PTV coverage and avoidance of excessive 
D2 dose. Hippocampal maximum dose constraints 
were met in 15 of 17 patients — hippocampal dose 
constraint violations were more commonly seen in 
our first patients treated, including a patient with 
the minor violation on PTV D2.

After a median follow up of 11.6 months (range 
3.3–43.1), 8 patients showed intracranial progres-
sion (47%) of whom 3 had their initial relapse in 
the hippocampal avoidance zone (HAZ) (38% of 
intracranial recurrences, 18% of all patients). No 
patient with an initial HAZ relapse had an isolated 
HAZ relapse alone. A fourth patient with initial 
non-hippocampal only recurrence had later intra-
cranial progression with both hippocampal- and 
non-hippocampal disease. Regarding extracranial 
progression, four patients (24%) showed progres-
sion after PCI. Pictorial representations of typical 
isodose distribution and locations of metastases on 
first intracranial relapse are demonstrated in Fig-
ures 1 and 2.

For the 8 (47%) patients with intracranial re-
lapse, the median time from HA-PCI to intracra-
nial progression was 4.2 months (range 0.3 to 16.2 

months). The Kaplan-Meier survival curves are 
shown in Figure 3. Four of these patients under-
went salvage therapy at first and subsequent re-
lapses with up to 4 episodes of intracranial salvage 
per patient. Median time from HA-PCI to intracra-
nial progression or last follow up was 5.9 months 
(range 0.3 to 43.1 months). Progression of disease 
in any location was seen in 15 patients (88%), with 

table 1. patient characteristics

Characteristic Number (%)/ 
/median (range)

stage

extensive stage

Limited stage

10 (59%)

7 (41%)

age at diagnosis (years) 70.0 (58.5-83.6)

Gender

Male

Female

9 (53%)

8 (47%)

EcOG prior to HA-PcI

0

1

2

7 (41%)

7 (41%)

3 (18%)

sequencing of thoracic consolidation 
and PcI for extensive stage

No thoracic consolidation

sequential (pcI first)

sequential (thoracic first)

concurrent

4 (40%)

3 (30%)

2 (20%)

1 (10%)

ecOG — eastern cooperative Oncology Group; ha-pcI — hippocampal 
avoidance prophylactic cranial irradiation

Figure 3. Kaplan-Meier survival probabilities. A. Time to 
intracranial relapse; b. progression-free survival; c. Overall 
survival
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a median time to progression or last follow up of 
4.3 months (range 0.3 to 43.1 months). Twelve pa-
tients had died by the time of retrospective review; 
median time from completion of HA-PCI to death 
in these patients was 11.6 months (range 3.3 to 37.0 
months). Median survival for all patients — time to 
death or last follow up — was 11.6 months (range 
3.3 to 43.1 months).

Fourteen of 17 patients (82%) had a recorded 
assessment of cognitive disturbance as per CTCAE 
available, with an average of two assessments per 
patient. Of these, the highest recorded score at any 
time-point was 1 (mild cognitive disability, no spe-
cialised services required) for 4 patients, and 0 (no 
cognitive disturbance) for 10 patients. To supple-
ment the CTCAE cognitive and concentration do-
mains, a review of the oncology electronic medical 
record was undertaken to identify further qualita-
tive information:
•	 one patient was noted to have mild word-finding 

difficulty during their HA-PCI course which re-
solved post-treatment and was likely related to 
lethargy, with no subsequent cognitive distur-
bances seen;

•	 one patient with intracranial and HAZ relapse 
and 4 subsequent courses of salvage therapy 
had confusion noted in their chart within 1 
month of death secondary to intracranial pro-
gression;

•	 one patient without intracranial progression was 
noted to develop multifactorial delirium (sec-
ondary to hypercalcaemia, constipation and uri-
nary retention) on 2 occasions within 4 months 
of death, starting from 6 months after their first 
extracranial progression;

•	  one patient with hippocampal and HAZ relapse 
was noted to develop increasing difficulties with 
word-finding and forgetfulness 17 months fol-
lowing HA-PCI;

•	 one patient without any intracranial relapse com-
plained of increased forgetfulness at the 3-month 
follow up, with no further cognitive disturbance 
noted at subsequent follow up;

•	 one patient without any intracranial relapse was 
noted to have increased forgetfulness on most 
recent follow up 8 months after completion of 
HA-PCI.
The remaining 11 patients had no recorded is-

sues with cognitive disturbance at any time during 
their treatment or follow-up.

Discussion

We report the first Australian results of patterns 
of failure following HA-PCI following initial ther-
apy for SCLC in a regional cancer centre. Of 17 
patients who received HA-PCI in our single in-
stitution, 8 (47.1%) experienced intracranial pro-
gression after a median follow up of 11.5 months, 
with 3 cases of initial relapse including the HAZ, 
all of whom had synchronous metastases in the 
fully-dosed brain. Despite a heterogeneous patient 
group, and the majority of patients presenting with 
extensive stage SCLC (10 of 17; 59%), a 13.7 month 
median survival may indicate that patients under-
going HA-PCI will live long enough to see the bene-
fits of HA-PCI should the putative benefits be borne 
out in a randomised clinical trial. 

Our current study adds to the emerging body 
of evidence on HA-PCI from RT0G 0933 [5] and, 
more recently, from Redmond et al. [13], OC-0503 
[14], and SAKK 15/12 (15). RTOG 0933 [5] ran-
domised 110 patients who already had brain me-
tastases at least 5mm beyond the hippocampi to 
whole brain radiotherapy or hippocampal-avoid-
ance whole brain radiotherapy. As these patients 
were already known to have metastatic disease they 
represent a high risk for disease progression, and 67 
of 110 patients developed intracranial progression 
but, of note, only 3 progressed within the HAZ; 
however, it was not reported whether this repre-
sented isolated recurrence or was synchronous with 
failure elsewhere in the brain.

In the 2017 cohort of 20 patients receiving 
HA-PCI for limited stage SCLC by Redmond et al., 
after a median follow up of 93 months, just 4 pa-
tients had developed brain metastases [13]. Half of 
these had first progression in both the fully-dosed 
and low-dosed regions of the brain, with no iso-
lated hippocampal metastases similar to our series. 
In the OC-0503 trial [14], 168 patients with either 
limited or extensive stage SCLC were randomised 
to HA-PCI or standard PCI; of 19 patients with 
intracranial relapse after a median follow up of 24.6 
months, none had isolated recurrences within the 
HAZ. In SAKK 15/12, 3 of 42 patients with lim-
ited stage SCLC had developed intracranial relapse 
within 12 months with no recurrences in the HAZ. 
The utility of HA-PCI in regards to intracranial 
control as an intervention in larger randomised 
trials is currently in progress. This is expected to 
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more accurately quantify the potential neurocog-
nitive benefit of this technique. As with any new 
technique, there is a learning curve for the entire 
multidisciplinary team to achieve specified dose 
criteria for the hippocampal avoidance region as 
based on Redmond et al. [13]. For comparison, we 
present the current published constraints in tabu-
lated form (Tab. 2). Trials in recruitment are also 
listed [16–18]. 

Limitations of our study are the small numbers, 
given single centre only experience, and lack of 
more extensive neuropsychological cognitive as-
sessment. We have attempted to mitigate this 
through recording of CTCAE cognitive domain 
adverse events as well as qualitative assessment. As 
there were no hippocampal only relapses in our se-
ries, we consider HA-PCI to be a safe alternative to 
standard PCI in the setting of SCLC. Future direc-
tions will include the potential for either HA-PCI 
as the new standard of care, or close MRI surveil-
lance with focussed stereotactic radiation therapy 
as salvage.

This work was presented in part at the American 
Society of Clinical Oncology / American Society of 
Therapeutic Radiation Oncology Multidisciplinary 

Thoracic Cancer Symposium, San Francisco, March 
2017. 
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