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Abstract

Background Whole-brain radiotherapy (WBRT) used to be standard of care for patients suffering from melanoma brain
metastases (MBM) and may still be applicable in selected cases. Deterioration of neurocognitive function (NCF) is
commonly seen during and after WBRT. Knowledge on long-term effects in melanoma patients is limited due to short
survival rates. With the introduction of immune checkpoint inhibitors, patients may experience ongoing disease control,
emphasizing the need for paying more attention to potential long-term adverse effects.

Methods In this single-center study, we identified in a period of 11 years all long-term survivors of MBM who received
WBRT at least 1 year prior to inclusion. NCF was assessed by Neuropsychological Assessment Battery (NAB) screening
and detailed neurological exam; confounders were documented.

Results Eight patients (median age 55 years) could be identified with a median follow-up of 5.4 years after WBRT. Six
patients reported no subjective neurological impairment. NAB screening revealed an average-range score in 5/8 patients.
In 3/8 patients a NAB score below average was obtained, correlating with subjective memory deficits in 2 patients. In
these patients, limited performance shown in modalities like memory function, attention, and spatial abilities may be
considerably attributed to metastasis localization itself. Six out of 8 patients were able to return to their previous work.
Conclusion Five of 8 long-term survivors with MBM after WBRT experienced little to no restriction in everyday activities.
In 3 out of 8 patients, cognitive decline was primarily explained by localization of the metastases in functionally relevant
areas of the brain. The results of our small patient cohort do not support general avoidance of WBRT for treatment of
brain metastases. However, long-term studies including pretreatment NCF tests are needed to fully analyze the long-term
neurocognitive effects of WBRT
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sions. This also includes the treatment of melanoma brain
metastases (MBM) [1-3], the most aggressive subtype of
metastases, with poor prognosis [4, 5]. About 50% of all
MM patients develop MBM. For MBM, radiotherapy (RT)
plays a major role in disease control [6, 7]. Historically,
whole-brain radiotherapy (WBRT) was considered standard
of care, especially for patients suffering from a high number
of symptomatic MBM, and is still a potential treatment op-
tion [8, 9]. However, treatment is progressively switching to
stereotactic radiosurgery (SRS) as the preferred treatment,
especially in patients with a limited number of metastases
[10, 11]. Adjuvant WBRT has been shown to be ineffective
in patients with melanoma. Except for an increased local
tumor control in patients with 1-3 MBM, the general out-
come is not favorable [12]. Current European Society for
Medical Oncology (ESMO) guidelines recommend avoid-
ing WBRT in asymptomatic melanoma metastasis with
regard to lack of efficacy and long-term toxicities [13].

Several prospective studies have compared the rate of
neurocognitive function (NCF) decline of patients treated
by SRS alone compared to patients receiving either SRS
and WBRT in combination [11, 14] or SRS vs. WBRT [15].
Brown et al. [11] demonstrated superiority of SRS alone in
terms of cognitive deterioration at 3 months from initiating
RT; the differences at 12 months were still significant, yet
less conclusive. However, all studies focused on short- to
medium-term cognitive differences. As such, data on long-
term functional outcomes with respect to NCF at more than
12 months are missing.

Through the introduction of novel treatment options like
ICI, potential long-term survival and long-term toxicities
such as neurocognitive outcome should be considered when
discussing treatment options such as WBRT [16]. The aim
of our study was to describe neurological function with
focus on NCF in a series of MBM long-term survivors
treated with WBRT.

Patients and methods
Patient population

This is a monocentric, cross-sectional analysis performed
at the Section of Dermatooncology, Department of Derma-
tology and National Center for Tumor Diseases, and the
Section of Neurology, University Hospital Heidelberg. We
identified patients by data inquiry of all melanoma patients
receiving WBRT between 2009 and 2020 with electronic
records available at our institution. The neurocognitive as-
sessments were done as a follow-up within routine clinical
practice based on regular neurological consultation service.
Patients were included retrospectively into this analysis.
Patients were eligible with documented MM with MBM,

currently in remission, and WBRT at least 1 year prior to
inclusion. There was no restriction on the use of previous,
concurrent, or subsequent systemic agents. Patients treated
with WBRT both in a palliative and adjuvant setting were
eligible. All patients were treated according to local stan-
dards at the time of therapy, which may no longer be stan-
dard of care. Patients were free of potentially confounding
systemic inflammatory or metabolic disorders. Patients with
a concomitant psychiatric disorder were excluded.

Neurocognitive function testing

NCF was assessed with the screening part of the vali-
dated German version of the Neuropsychological Assess-
ment Battery (NAB) [17], which includes detailed mod-
ules on attention, language, spatial abilities, memory, and
executive functions, thus providing an estimate of the ex-
aminee’s functioning in the abovementioned domains. The
tests were performed within clinical routine in the NAB
screening module version [17], taking about 1 h and not in-
cluding extensive module testing. All tests were performed
by the same neuropsychologist (KH). Test scores were as-
sessed as primary scores (T scores), which were referenced
to the respective normative sample and standard scores for
the respective patient group regarding age and sex. Each
patient obtained a descriptive score of “average, low/high
average, above/below average, and high above/high below
average” according to the percentile reached for each test
domain. Concurrent medication and secondary diagnoses
were recorded, and a detailed neurological examination
performed at the date of NCF testing. As the premorbid
level of NCF was not available, the patients’ profession be-
fore developing melanoma was recorded as an indication
of premorbid NCF. Subjective symptoms verbalized by the
patients were assessed before NCF testing.

Data collection

Additional collected data included core data (gender, age),
data on the disease prior to initiation of therapy (date of
first diagnosis, primary site, number of brain metastases,
site of metastases), and on prior treatment lines. Date and
details of WBRT were documented, as well as previous or
subsequent RT, if performed, and complications of RT. The
retrospective analysis of patient data was approved by the
ethical committee of the Medical Faculty Heidelberg (S-
454/2015).

Results

A total of 184 patients treated at our institution received
WBRT for MBM between 2009 and 2020; 11 patients (6%)

@ Springer



Strahlenther Onkol (2022) 198:884-891

886

(£D02) 00T 19qUIAAON U TYFAA 03 Joud siseserow 139] [eIidroooolrred e jo
SYS paaredar pey g juaned {(AD (g ‘6107 Arenuer ‘3 [ejuoy ;7 juened (ADO¢ ‘ST10T YITBIN ‘W[ 18311000 4, Juened) saseiseiow dArssar3old sen3uls 0] SYS 1uanbasqns paAredal / pue 4 sjuaned,
Adezayiorper ureiq-o[oyp\ LY gAL ‘TeUIOu JO Jruif
1oddn N7 ‘A1eSimsorper o130810010)§ S¥S ‘Aderoyjoipey] 7y ‘uonouny SANIUS000INAN JON BUOUB[OW PIZISLISBIAA /A ‘SOSLISBIOW Ulelq BWOURIN WG @SeuaSoIpAyap ajeioe] g7 ‘Aein £o

(rem
[eorurpo)
loyiqryut
I-ad+ wsu
qIunawIqod unouren 18011100
0'T /quuojemuwap  /qruajeiqeq L0 01’1 qewnuridy 01 £D0¢ 6102/¥0 [eroLreq wo g ST aanered ¥S  OEIN 8
[ex
(STuLIOA -odway 3591
S[qe  qewmioAlu+  (¢+)  014DgG+) ‘(1391 9o
1% SUON QUON 0S0  -lreaejoN  qewnuwiid] 01 £D0g  «S10T/21 -UoA Yo wo g ¥ oAneIed S ORI L
[eroLrediq
‘TeyuonIq
qewnj[oAru + ,CmoC [eon
9y SUON QUON 60'T 981 qewnuiidy 01 £D0¢ $102/60 -100 [ejuoLy woge 01 < oAneIed IS 9PN 9
(y3u)
1ed1.103 Aﬁogoom
0S SuoN QuoN 911 0S¢ qewnuwiydg 01 £D0¢ S102/S0 [endooQ wogg  -aa[)(Q Jueanlpy 09 SN S
qewnzifoiq (pa109s
-wad -aI ‘J9])
‘qrunouren) [eo1100 (pa1oas
8'G  /quuojeiqe  0-UOIJIAU] L8°0 IS0 qewmnuridy 01 £D0¢  F107/L0 [endooQ wo () -I]) ¢ oaneled 8y ORI
d[qe (WySm)
89 QUON QUON LLO  -lleABION  qewnuwifid] 01 £D0¢ €10Z/11  [eseqorodurdy, wog'| ¥ eAneled €9 O €
qewnur (payoasal
-Iidr J[qe ‘Yap) [edn
‘Toxeroed -[reAe J[qe -100 [eyidio (pa1oas
01 /unerdogre)d QUON JON  -[leAeloN  dulzeqredseq 01 £D0¢  6007/11 -20-03oLEd wo -I]) G aaneled oG JeWR T
(eore (D)
aurzeq JIqe UOI)103saI 8011100
-IeORp -[reAe Qqe ¥+ 0} £D6+) eyorred (pajoas
€Tl SUON  “D-UOIJIAU] JION  -[IEABJON OpIWO[OZOWR], ST AD¢SLE 8002/€0 -osodwiag, wog'g -1)( Jueanlpy ¥9  OEIN
(14 (@R Id Id
(s189K) 210J2q) 210J2q) 0 Joud 0 Joud
dn I 1eye NINX N1Nx JAEIA sose)
-MO[[0] jusunean) 1Y 210J9q ‘S[oA9] ‘S[OAQ] suorn Asop WA 1919 -sejour LI9M
Jjo OTwI)SAS flilisilzeiil wnias wnas juduneAn) -oeIy aam aam Jsa3re[ Jo -wrerp ureiq jo 10} (s189K)
uonen( heliile) OTwA)SAS HA1 001S JUALINOUOD) I eAnemun) Joareq UoneZI[ed0] Jsodre] IoqunyN uornedIpuy a3y XS I

SonsLIv)ORIRYD Judned | d|qel

pringer

AN



Strahlenther Onkol (2022) 198:884-891

887

were alive and in long-term observation and treatment at
our institution. Of these, 2 developed progressive disease
and were treated in regional hospitals, and 1 patient did
not desire neurological consultation. Hence, we are able to
report on 8§ patients who received neurological assessment
including NCF testing for either subjective deficits or differ-
ential diagnostic purposes. At the time of NCF assessment,
patients did not receive any steroids nor any other drugs in-
fluencing neurocognitive function, except for two patients
receiving anticonvulsants.

Patient characteristics

Patient characteristics are shown in Table 1. Of 8 included
patients, 7 were male, with a median age of 55 years (range
45-64). The median duration of follow-up was 5.4 years
after RT (range 1.0-12.3).

Brain metastases and radiotherapy

Of 8 patients, 6 were treated with palliative intention and
two in an adjuvant intention after resection of a singular
metastasis. The patients treated in palliative intention had
a medium of 4.5 metastases (range 3—15). Seven patients
were treated with WBRT to a cumulative radiation dose of
30Gy applied in 10 fractions. One patient received a boost
of 9 Gy to a symptomatic metastasis of the vermis. One pa-
tient treated in 2008 received a regimen of 37.5 Gy applied
in 15 doses, with an additional boost of 9 Gy in 4 doses to
the resected area. Patients 1, 3, and 6 required dexametha-
sone treatment (maximum doses of 4, 8, and 16 mg per day,
respectively) for neurological symptom relief before RT or
surgical resection. Patients 2 and 4 had one metastasis re-
sected but received WBRT due to further MBM as shown
in Table 1.

Systemic treatments and treatment outcome

The two patients treated before 2013 received chemother-
apy-based systemic treatment regimens (temozolomide,
dacarbazine), with one of them receiving subsequent ipili-
mumab leading to complete remission. All patients treated
in 2013 or later received an ipilimumab-based systemic
checkpoint inhibitor treatment. In patient 4, an ongoing re-
mission was achieved with the addition of pembrolizumab
monotherapy; patient 8 was in remission at the time of data
collection during systemic treatment with dabrafenib and
trametinib, but progressed shortly after. All other patients
were still in an ongoing remission at the time of final
follow-up in June 2021. Patient 6, who had the highest
burden of intracranial disease among our patients (Fig. 1),
is still continuing treatment with nivolumab 240 mg every
4 weeks.

Fig.1 a Brain MRI (fluid-attenuated inversion recovery, FLAIR)
of patient 6 in August 2015 before the onset of treatment. Several
large brain metastases with perifocal FLAIR hyperintensities in the
frontal and parietal lobe, the largest left frontal metastasis measuring
22 x 34 mm. Midline shift to the right by 12 mm and compression of the
left lateral ventricle and the third ventricle. The patient was admitted
to neurological inpatient care due to symptoms of cerebral compres-
sion, which were compensated by dexamethasone treatment. b Brain
MRI (T1 with contrast enhancement) in August 2020 at the time of
neurocognitive function testing. Residual, stable brain metastases after
radiotherapy and checkpoint inhibitor treatment with ipilimumab and
nivolumab. At this point, the patient had an overall average neurocog-
nitive function, allowing a return to his job as a teacher

Neurological findings and neurocognitive outcome

A summary of neurological and neurocognitive outcomes
is given in Table 2. Neurological function was normal in 5
of 7 patients, including 3 patients with mild central paresis
signs not leading to disability in everyday functioning. Pa-
tient 4 suffered from quadrant anopsia related to occipital
metastasis manifestation. Patients 4 and 8 developed symp-
tomatic epilepsy based on the metastatic brain lesions. Per-
manent seizure control with anticonvulsants (levetiracetam
2500mg/d and 2000mg/d respectively) was achieved, yet
the ongoing treatment might be a confounder to neurocog-
nitive function.

In NAB screening, 5/8 patients achieved an average score
or higher (Table 2). In 3 patients (ID 1, 2, 4), an over-
all score below average was reached; in correlation, 2 of
them (patients 1, 4) also reported subjective cognitive im-
pairment, especially deficits in memory (Table 2). All other
patients felt no subjective impairment in neurocognition in
everyday life.

All patients presented with a high premorbid cognitive
level, as assessed by their profession: 6 patients held a uni-
versity degree, while 2 worked in qualified jobs as a nurse
and scaffolder. Six of these patients were able to continue
their jobs, patient 4 is on disability pension, and patient 8
could not return to work due to progression of the under-
lying disease. This patient previously developed autoim-
mune polyneuropathy after treatment with PD1-inhibitors,
as a potential confounder in neurological examination.
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Detailed results of the NAB screening are described in
the supplements (Supplementary Table 1).

Discussion

In this study, we present a group of 8 patients with long-
term survival after WBRT for MBM. When discussing the
results, it should be noted that the patient sample is small,
which represents a limitation of our study. Therefore, any
conclusions based on these data need to be taken with care.

It is remarkable that in 6/8 patients, neurological out-
come and especially neurocognitive function after WBRT
allowed patients return to their previous work. Further, most
patients reported no subjective impairment in neurocogni-
tive function.

Simultaneously, we also identified 3/8 patients (ID 1, 2, 4)
with reduced neurocognitive function in NAB screening
after WBRT (Table 2; Supplementary Table 1). Subjective
memory deficits in patients 1 and 4 are mirrored in cor-
responding below average scores in the memory module
(Table 2). Both patients noted cognitive deterioration soon
after WBRT, showing an impact on their everyday life.
Thus, a relevant proportion of patients (38% of our cohort)
still had a low-average to below-average neurocognitive
function, and 2 patients (25%) had relevant impairment of
their everyday life. It has to be noted that premorbid NCF
was not available for the analysis. As such, other causes
beside WBRT have to be considered and will be discussed
below.

In general, up to two thirds of patients with brain
metastases experience neurocognitive impairment within
2-6 months after WBRT, including concentration deficits
but also decreased short- and long-term memory [11, 14,
18, 19].

However, in our patients, the cause of cognitive dete-
rioration should not only be seen in potential radiogenic
toxicity. As such, parietal lesion localization itself may cer-
tainly at least partially explain deficits in spatial skills (pa-
tient 1, 2; e.g., identifying and self-constructing different
patterns in NCF testing), reduced memory performance of
patterns (patient 1), and also reduced attention (patients 2, 4:
marking “X” and “numbers” in 16 and 8 rows, respectively,
in the NCF test battery). In addition, in patient 4, a partial
visual field defect due to a metastatic lesion at the visual
cortex might contribute to reduced visual ability to identify
objects as well as levetiracetam intake reducing working
memory and attention in some patients. Further, in compar-
ison to the other patients, in patient 1, the WBRT treatment
dose was increased and surgical resection of parietal metas-
tasis was performed (Table 1).

Decreased NCF may also be based on concurrent sys-
temic anticancer treatments. As shown in Table 1, 7 of 8 pa-

tients (88%) received ICI, for which neurological adverse
events are rare, but may be severe [20]. An influence of
ICI on neurocognitive function is rare [21] and to the best
of our knowledge, has not been evaluated systematically
so far. In our cohort, only 1 patient (patient 8) suffered
from ICI-induced sensorimotor neuropathy as an autoim-
mune related adverse event, which required temporary sys-
temic steroids and had completely resolved 6 months before
NCEF testing. Further, an influence of chemotherapy on NCF
might be discussed as well, but may be especially relevant
in elderly patients [22]. It is rather unlikely that concur-
rent chemotherapy with temozolomide and dacarbazine (in
patients 1 and 2, respectively) can explain a cognitive im-
pairment but may of course be a contributing factor.

Temozolomide is even expected to prevent neurocogni-
tive decline in patients with primary or metastatic CNS tu-
mors [23-25]. However, cognitive changes associated with
cancer treatment may be diffuse and the topic of chemo-
brain is broad [21, 26].

Neurotoxic deficits usually involve the domains of at-
tention and concentration, verbal and visual memory, and
processing speed. Two of our patients had received targeted
treatment with BRAF and MEK inhibitors in the past, which
may rarely cause central neurotoxicity [21] as well as pa-
clitaxel in very rare cases.

Certainly we acknowledge that 75% of our patients
held a university degree and would be expected to have
a higher-than-average premorbid neurocognitive function.
This might be a clinical hint toward potential deterioration
after WBRT, as frequently seen. Also, it has to be noted
that our cohort was highly selected and included potentially
very fit patients; similar to toxicity seen in chemotherapy,
more frail patients may suffer many more short- and long-
term side effects from WBRT. Without any premorbid
NAB status available, we cannot prove a deterioration of
NCF over the course of treatment without a full return to
normal. In patient 6, high intracranial tumor load as well
as bifrontal and biparietal localization of metastases may
explain the worse cognitive performance than expected
with regard to profession as a teacher.

When deciding on an optimal treatment for each patient,
potential deterioration of NCF always has to be considered.
Short-term deterioration of NCF due to WBRT is well rec-
ognized and has been shown in randomized controlled trials
[11, 14]. However, long-term effects in melanoma patients
are widely unknown, as previously highly unlikely without
an effective anticancer systemic treatment. Thus, factors
predictive of long-term neurocognitive toxicity of WBRT
are poorly studied, especially in melanoma [21]. Several
studies have evaluated potentially beneficial additions to
WBRT to preserve neurocognition, mainly including the
use of systemic memantine [27]. A hippocampal-sparing
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technique in WBRT to avoid cognitive decline, especially in
memory, should be preferred and is recommended [28-30].

Patients studied in our case series mostly show a favor-
able outcome with good everyday functioning and return to
activities. This is in line with Jiang et al. reporting on benefi-
cial outcomes in MBM patients after WBRT, showing only
limited neurocognitive side effects. However, neurocogni-
tive function was not measured objectively [31]. Favorable
outcomes of children treated with cerebral RT have been
described as well [32].

These findings may encourage consideration of WBRT
as a potential treatment option in selected cases, as the goal
in melanoma treatment is progressively switched to long-
term tumor control, even in patients with MBM.

Meanwhile, there is also a large body of evidence sug-
gesting progressive use of SRS as the primary treatment
option in combination with systemic treatment [33]. This
does not only include a limited number of 1-3 brain metas-
tases; SRS can currently be used safely in up to 15 brain
metastases [34-36]. While radionecrosis may be a factor to
consider in SRS [37], the main advantage of SRS versus
WBRT is reduced neurotoxicity, which has been demon-
strated in several studies, especially confirming short-term
neurocognitive decline induced by WBRT [35]. Therefore,
studies on long-term neurocognitive decline after WBRT
are needed especially in tumors aiming for long-term tu-
mor control.

Especially in patients with brain metastasis in whom lo-
cal therapy has failed, or with neurological symptoms re-
quiring steroids or leptomeningeal disease, an infrequent
response to ipilimumab/nivolumab has been shown [38].
This population can be treated by WBRT, even in the case
of leptomeningeal disease or very extensive involvement.

We are aware of limitations of this analysis, including the
very small number of patients, the partial bias due to local-
ization of brain metastasis in neuropsychologically relevant
areas, and the lack of premorbid NCF, precluding a gen-
eral conclusion on long-term effects of WBRT for MBM.
The strength of our study was the differentiated neurocog-
nitive test battery applied to all long-term survivors, allow-
ing a validated statement on the neurocognitive function of
these patients.

Conclusion

Generally impaired NCF in long-term survivors with MBM
after WBRT could not be confirmed in our study. In light of
the favorable neurocognitive function outcome in our small
long-term survivor cohort, WBRT in MBM still seems to be
a valid treatment option. Therefore, WBRT should still be
considered in the treatment armamentarium for melanoma
patients with symptomatic brain metastases. However, long-

@ Springer

term studies including pretreatment NCF tests are needed
to fully analyze the long-term neurocognitive effects of
WBRT.

Supplementary Information The online version of this article (https://
doi.org/10.1007/s00066-022-01950-1) contains supplementary mate-
rial, which is available to authorized users.

Funding Open Access funding enabled and organized by Projekt
DEAL.

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Conflict of interest M. Salzmann: honoraria and/or travel grants from
Abbvie, Bristol-Myers Squibb (BMS), Merck, Merck Sharp & Dohme
(MSD), Novartis, Pfizer, and Sanofi-Aventis. A.H. Enk: advisory hon-
oraria from Biotest AG, MSD Oncology, Galderma, Janssen Cilag, and
AbbVie as well as speaker’s honoraria from Roche Pharma. B. Jordan:
honoraria for talks from Alexion, Temmler, Biomarin, Novartis; advi-
sory board member of Alexion. J.C. Hassel: honoraria for talks from
BMS, MSD, Roche, Novartis; advisory board member for MSD, Pierre
Fabre; scientific grant support from BMS; travel grants from BMS,
Pierre Fabre. K. Hess and K. Lang declare that they have no competing
interests.

Open Access This article is licensed under a Creative Commons At-
tribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Tawbi HA, Forsyth PA, Algazi A, Hamid O, Hodi FS, Moschos SJ
et al (2018) Combined nivolumab and Ipilimumab in melanoma
metastatic to the brain. N Engl J Med 379(8):722-730

2. Long GV, Atkinson V, Lo S, Sandhu S, Guminski AD, Brown MP
et al (2018) Combination nivolumab and ipilimumab or nivolumab
alone in melanoma brain metastases: a multicentre randomised
phase 2 study. Lancet Oncol 19(5):672-681

3. Schmidberger H, Rapp M, Ebersberger A, Hey-Koch S, Lo-
quai C, Grabbe S et al (2018) Long-term survival of patients
after ipilimumab and hypofractionated brain radiotherapy for brain
metastases of malignant melanoma: sequence matters. Strahlenther
Onkol 194(12):1144-1151

4. Davies MA, Liu P, McIntyre S, Kim KB, Papadopoulos N, Hwu WJ
et al (2011) Prognostic factors for survival in melanoma patients
with brain metastases. Cancer 117(8):1687-1696

5. Sampson JH, Carter JH Jr., Friedman AH, Seigler HF (1998) De-
mographics, prognosis, and therapy in 702 patients with brain
metastases from malignant melanoma. JNS 88(1):11-20

6. Rishi A, Yu HM (2020) Current treatment of melanoma brain
metastasis. Curr Treat Options in Oncol 21(6):45

7. Gutzmer R, Vordermark D, Hassel JC, Krex D, Wendl C, Schaden-
dorf D et al (2020) Melanoma brain metastases—Interdisciplinary
management recommendations 2020. Cancer Treat Rev 8§9:102083


https://doi.org/10.1007/s00066-022-01950-1
https://doi.org/10.1007/s00066-022-01950-1
http://creativecommons.org/licenses/by/4.0/

Strahlenther Onkol (2022) 198:884-891

891

8.

12.

14.

15.

18.

19.

20.

21.

22.

23.

Coit DG, Thompson JA, Albertini MR, Barker C, Carson WE, Con-
treras C et al (2019) Cutaneous melanoma, version 2.2019, NCCN
clinical practice guidelines in oncology. J Natl Compr Canc Netw
17(4):367-402

. Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft DK,

AWMPF). Diagnostik, Therapie und Nachsorge des Melanoms,
Langversion 3.2, 2019, AWMF Registernummer: 032/0240L.

. Liermann J, Winkler JK, Syed M, Neuberger U, Reuss D, Harrabi S

et al (2020) Stereotactic radiosurgery with concurrent immunother-
apy in melanoma brain metastases is feasible and effective. Front
Oncol 10:592796

. Brown PD, Jaeckle K, Ballman KV, Farace E, Cerhan JH, Ander-

son SK et al (2016) Effect of radiosurgery alone vs radiosurgery
with whole brain radiation therapy on cognitive function in patients
with 1 to 3 brain metastases: a randomized clinical trial. JAMA
316(4):401-409

Hong AM, Fogarty GB, Dolven-Jacobsen K, Burmeister BH,
Lo SN, Haydu LE et al (2019) Adjuvant whole-brain radiation ther-
apy compared with observation after local treatment of melanoma
brain metastases: a multicenter, randomized phase III trial. J Clin
Oncol 37(33):3132-3141

. Michielin O, van Akkooi ACJ, Ascierto PA, Dummer R, Keilholz U

(2019) Cutaneous melanoma: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-uptfApproved by the ESMO
Guidelines Committee: February 2002, last update September
2019. Ann Oncol 30(12):1884-1901

Chang EL, Wefel JS, Hess KR, Allen PK, Lang FF, Kornguth DG et
al (2009) Neurocognition in patients with brain metastases treated
with radiosurgery or radiosurgery plus whole-brain irradiation:
a randomised controlled trial. Lancet Oncol 10(11):1037-1044
Brown PD, Ballman KV, Cerhan JH, Anderson SK, Carrero XW,
Whitton AC et al (2017) Postoperative stereotactic radiosurgery
compared with whole brain radiotherapy for resected metastatic
brain disease (NCCTG N107C/CEC-3): a multicentre, randomised,
controlled, phase 3 trial. Lancet Oncol 18(8):1049-1060

. Jordan B, Margulies A, Cardoso F, Cavaletti G, Haugnes HS,

Jahn P et al (2020) Systemic anticancer therapy-induced peripheral
and central neurotoxicity: ESMO-EONS-EANO Clinical Practice
Guidelines for diagnosis, prevention, treatment and follow-up. Ann
Oncol 31(10):1306-1319

. Petermann F, Jiancke L (2016) Neuropsychological Assessment

Battery (NAB) — Aussagekraft und Anwendungen der deutschsprachi-
gen Adaptation. Hogrefe AG

Giuseppe ZR, Silvia C, Eleonora F, Gabriella M, Marica F, Sil-
via C et al (2020) Hippocampal-sparing radiotherapy and neurocog-
nitive impairment: a systematic literature review. J Can Res Ther
16(6):1215-1222

Kondziolka D, Niranjan A, Flickinger JC, Lunsford LD (2005)
Radiosurgery with or without whole-brain radiotherapy for brain
metastases: the patients’ perspective regarding complications. Am
J Clin Oncol 28(2):173-179

Zivelonghi C, Zekeridou A (2021) Neurological complications of
immune checkpoint inhibitor cancer immunotherapy. J Neurol Sci
424:117424

Orszaghova Z, Mego M, Chovanec M (2021) Long-term cognitive
dysfunction in cancer survivors. Front Mol Biosci 8:770413
Hwang SY, Kim K, Ha B, Lee D, Kim S, Ryu S et al (2021) Neu-
rocognitive effects of chemotherapy for colorectal cancer: a sys-
tematic review and a meta-analysis of 11 studies. Cancer Res Treat
53(4):1134-1147

Weller J, Tzaridis T, Mack F, Steinbach JP, Schlegel U, Hau P et
al (2019) Health-related quality of life and neurocognitive func-
tioning with lomustine-temozolomide versus temozolomide in
patients with newly diagnosed, MGMT-methylated glioblastoma
(CeTeG/NOA-09): a randomised, multicentre, open-label, phase 3
trial. Lancet Oncol 20(10):1444-1453

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Reijneveld JC, Taphoorn MJB, Coens C, Bromberg JEC, Ma-
son WP, Hoang-Xuan K et al (2016) Health-related quality of
life in patients with high-risk low-grade glioma (EORTC 22033-
26033): a randomised, open-label, phase 3 intergroup study. Lancet
Oncol 17(11):1533-1542

Deng X, Zheng Z, Lin B, Su H, Chen H, Fei S et al (2017) The
efficacy and roles of combining temozolomide with whole brain ra-
diotherapy in protection neurocognitive function and improvement
quality of life of non-small-cell lung cancer patients with brain
metastases. BMC Cancer 17(1):42

Sung PS, Chen PW, Yen CJ, Shen MR, Chen CH, Tsai KJ et al
(2021) Memantine protects against paclitaxel-induced cognitive
impairment through modulation of neurogenesis and inflammation
in mice. Cancers. https://doi.org/10.3390/cancers13164177

Brown PD, Pugh S, Laack NN, Wefel JS, Khuntia D, Meyers C et
al (2013) Memantine for the prevention of cognitive dysfunction in
patients receiving whole-brain radiotherapy: a randomized, double-
blind, placebo-controlled trial. Neuro Oncol 15(10):1429-1437
Gondi V, Pugh SL, Tome WA, Caine C, Corn B, Kanner A et al
(2014) Preservation of memory with conformal avoidance of the
hippocampal neural stem-cell compartment during whole-brain ra-
diotherapy for brain metastases (RTOG 0933): a phase II multi-
institutional trial. J Clin Oncol 32(34):3810-3816

Oskan F, Ganswindt U, Schwarz SB, Manapov F, Belka C,
Niyazi M (2014) Hippocampus sparing in whole-brain radio-
therapy. A review. Strahlenther Onkol 190(4):337-341

Rodriguez de Dios N, Coufiago F, Murcia-Mejia M, Rico-Oses M,
Calvo-Crespo P, Samper P et al (2021) Randomized phase III
trial of prophylactic cranial irradiation with or without hippocam-
pal avoidance for small-cell lung cancer (PREMER): a GICOR-
GOECP-SEOR study. J Clin Oncol 39(28):3118-3127

Jiang C, Kleber TJ, Switchenko JM, Khan MK (2021) Single in-
stitutional outcomes of whole brain radiotherapy for metastatic
melanoma brain metastases. Radiat Oncol 16(1):31

Weusthof K, Liittich P, Regnery S, Konig L, Bernhardt D, Witt O
et al (2021) Neurocognitive outcomes in pediatric patients follow-
ing brain irradiation. = Cancers.  https://doi.org/10.3390/
cancers13143538

Minniti G, Anzellini D, Reverberi C, Cappellini GCA, Marchetti L,
Bianciardi F et al (2019) Stereotactic radiosurgery combined with
nivolumab or Ipilimumab for patients with melanoma brain metas-
tases: evaluation of brain control and toxicity. J Immunother Cancer
7(1):102

Li J, Ludmir EB, Wang Y, Guha-Thakurta N, McAleer MF, Set-
tle SH et al (2020) Stereotactic radiosurgery versus whole-brain ra-
diation therapy for patients with 4—15 brain metastases: a phase I1I
randomized controlled trial. Int J Radiat Oncol Biol Phys 108(3
Supplement):S21-S22

Sahgal A, Ruschin M, Ma L, Verbakel W, Larson D, Brown PD
(2017) Stereotactic radiosurgery alone for multiple brain metas-
tases? A review of clinical and technical issues. Neuro Oncol
19(suppl_2):ii2-iil5

Lai J, Liu J, Zhao J, Li A, Liu S, Deng Z et al (2021) Effective
method to reduce the normal brain dose in single-isocenter hy-
pofractionated stereotactic radiotherapy for multiple brain metas-
tases. Strahlenther Onkol 197(7):592-600

Choi S, Hong A, Wang T, Lo S, Chen B, Silva I et al (2021)
Risk of radiation necrosis after stereotactic radiosurgery for
melanoma brain metastasis by anatomical location. Strahlenther
Onkol 197(12):1104-1112

Keilholz U, Ascierto PA, Dummer R, Robert C, Lorigan P, van
Akkooi A et al (2020) ESMO consensus conference recom-
mendations on the management of metastatic melanoma: under
the auspices of the ESMO Guidelines Committee. Ann Oncol
31(11):1435-1448

@ Springer


https://doi.org/10.3390/cancers13164177
https://doi.org/10.3390/cancers13143538
https://doi.org/10.3390/cancers13143538

	Long-term neurocognitive function after whole-brain radiotherapy in patients with melanoma brain metastases in the era of immunotherapy
	Abstract
	Introduction
	Patients and methods
	Patient population
	Neurocognitive function testing
	Data collection

	Results
	Patient characteristics
	Brain metastases and radiotherapy
	Systemic treatments and treatment outcome
	Neurological findings and neurocognitive outcome

	Discussion
	Conclusion
	Supplementary Information
	References


