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Abstract
Background: Novel	 treatments	 make	 long-	term	 survival	 possible	 for	 subsets	
of	 patients	 with	 melanoma	 brain	 metastases.	 Brain	 magnetic	 resonance	 imag-
ing	(MRI)	may	aid	in	early	detection	of	brain	metastases	and	inform	treatment	
decisions.	This	study	aimed	to	determine	the	impact	of	screening	MRI	scans	in	
patients	 with	 metastatic	 melanoma	 and	 follow-	up	 MRI	 scans	 in	 patients	 with	
melanoma	brain	metastases.
Methods: This	retrospective	cohort	study	included	patients	diagnosed	with	met-
astatic	melanoma	or	melanoma	brain	metastases	between	June	2015	and	January	
2018.	The	impact	of	screening	MRI	scans	was	evaluated	in	the	first	2 years	after	
metastatic	 melanoma	 diagnosis.	 The	 impact	 of	 follow-	up	 MRI	 scans	 was	 ex-
amined	 in	 the	 first	 year	 after	 brain	 metastases	 diagnosis.	 The	 number	 of	 MRI	
scans,	scan	indications,	scan	outcomes,	and	changes	in	treatment	strategy	were	
analyzed.
Results: In	total,	116	patients	had	no	brain	metastases	at	the	time	of	the	meta-
static	 melanoma	 diagnosis.	 Twenty-	eight	 of	 these	 patients	 (24%)	 were	 subse-
quently	diagnosed	with	brain	metastases.	Screening	MRI	scans	detected	the	brain	
metastases	in	11/28	patients	(39%),	of	which	8	were	asymptomatic	at	diagnosis.	
In	the	96	patients	with	melanoma	brain	metastases,	treatment	strategy	changed	
after	75/168	follow-	up	MRI	scans	(45%).	In	patients	treated	with	immune	check-
point	inhibitors,	the	number	of	treatment	changes	after	follow-	up	MRI	scans	was	
lower	when	patients	had	been	treated	longer.
Conclusion(s): Screening	MRI	scans	aid	in	early	detection	of	melanoma	brain	
metastases,	 and	 follow-	up	 MRI	 scans	 inform	 treatment	 strategy.	 In	 patients	
with	brain	metastases	 responding	 to	 immune	checkpoint	 inhibitors,	 treatment	
changes	were	less	frequently	observed	after	follow-	up	MRI	scans.	These	results	
can	inform	the	development	of	brain	imaging	protocols	for	patients	with	immune	
checkpoint	inhibitor	sensitive	tumors.
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1 	 | 	 INTRODUCTION

Melanoma	has	the	highest	propensity	of	all	cancers	to	me-
tastasize	to	the	brain,	with	up	to	50%	of	the	patients	with	
metastatic	 melanoma	 developing	 brain	 metastases.1–	4	
Patients	with	brain	metastases	frequently	suffer	from	neu-
rological	sequelae	and	have	shorter	survival	than	patients	
without	 brain	 metastases.5	 In	 the	 last	 decade,	 the	 mela-
noma	treatment	landscape	has	changed	dramatically	fol-
lowing	the	introduction	of	effective	systemic	treatments,	
including	 immune	 checkpoint	 inhibitors	 and	 BRAF/
MEK	inhibitors,	and	the	increased	use	of	stereotactic	ra-
diotherapy	 (SRT).6–	14	The	 greatly	 improved	 survival	 and	
the	chance	of	 long-	term	disease	control	have	resulted	in	
increased	utilization	of	imaging	modalities.	However,	ev-
idence	for	optimal	use	of	imaging	modalities	in	the	man-
agement	of	metastatic	melanoma	is	lacking.

Treatment	 with	 immune	 checkpoint	 inhibitors	 can	
result	 in	 long-	term	 intracranial	 and	 extracranial	 re-
sponses.6,7,13	 Response	 rates	 to	 combinational	 immune	
checkpoint	inhibitors	(nivolumab	plus	ipilimumab)	range	
from	46%	to	57%	in	patients	with	asymptomatic	melanoma	
brain	 metastases.6,7,9	 In	 contrast,	 intracranial	 response	
rates	in	patients	with	symptomatic	brain	metastases	and/
or	 leptomeningeal	 metastases	 are	 lower	 (5%–	22%).6–	9	 In	
patients	 with	 BRAF-	mutated	 melanoma,	 treatment	 with	
BRAF/MEK	inhibitors	demonstrate	intracranial	response	
rates	 of	 44%–	68%.11,13,14	 However,	 the	 median	 duration	
of	intracranial	response	is	limited	(4–	6 months).11,13,14	In	
contrast	 to	 immune	checkpoint	 inhibitor	response	rates,	
intracranial	 response	 rates	 to	 BRAF/MEK	 inhibitors	 are	
independent	of	symptoms.10,11	For	the	localized	treatment	
of	melanoma	brain	metastases,	SRT	is	most	often	the	pre-
ferred	 choice	 of	 treatment.	 The	 treatment	 outcomes	 of	
SRT,	 including	 tumor	 response	 and	 treatment	 toxicity,	
such	 as	 radionecrosis,	 are	 better	 in	 patients	 with	 small	
volume	brain	metastases.15–	19

Small	 volume	 and	 asymptomatic	 brain	 metastases	
are,	 thus,	 associated	 with	 better	 treatment	 outcomes,	
making	 early	 diagnosis	 of	 asymptomatic	 brain	 metas-
tases	and	intracranial	progression	essential.13,16,18	Brain	
magnetic	 resonance	 imaging	 (MRI)	 scan	 is	 considered	
the	 gold	 standard	 for	 the	 diagnosis	 and	 follow-	up	 of	
brain	metastases.20–	22	For	patients	with	metastatic	mel-
anoma,	 the	 National	 Comprehensive	 Cancer	 Network	
(NCCN;	 2021)23	 and	 European	 Society	 of	 Medical	
Oncology	 (2019)24,25	 guidelines	 recommend	 brain	 MRI	
scans	 at	 the	 time	 of	 staging.	 Additionally,	 the	 NCCN	

guideline	also	recommends	MRI	scans	in	patients	with	
metastatic	 melanoma	 without	 brain	 metastases	 at	 the	
time	of	neurological	symptoms	and	when	the	diagnosis	
of	brain	metastases	would	affect	 treatment	decisions.23	
However,	information	on	the	effectiveness	of	MRI	scans	
as	 a	 screening	 tool	 to	 detect	 asymptomatic	 melanoma	
brain	metastases	at	an	early	time	point	is	scarce.	When	
melanoma	 brain	 metastases	 are	 diagnosed,	 follow-	up	
brain	 MRI	 scans	 are	 advised	 to	 evaluate	 the	 treatment	
response	every	2	or	3 months.23–	27	How	frequently	these	
follow-	up	MRI	scans	result	in	treatment	strategy	changes	
is	yet	to	be	determined.

Therefore,	 we	 aimed	 to	 determine	 the	 number	 of	
brain	 metastases	 being	 diagnosed	 asymptomatically	 by	
6-	monthly	 screening	 MRI	 scans	 in	 patients	 with	 meta-
static	melanoma	and	the	number	of	changes	in	treatment	
strategy	after	3-	monthly	follow-	up	MRI	scans	in	patients	
with	melanoma	brain	metastases.

2 	 | 	 MATERIALS AND METHODS

This	 retrospective	 single-	center	 study	 consisted	 of	 pa-
tients	diagnosed	with	metastatic	melanoma	and	referred	
to	the	Department	of	Medical	Oncology	of	the	University	
Medical	 Center	 Groningen	 (UMCG),	 the	 Netherlands.	
Patients	 diagnosed	 with	 metastatic	 melanoma,	 with-
out	 brain	 metastases	 at	 the	 time	 of	 diagnosis,	 between	
June	 2015	 and	 January	 2018	 were	 included	 to	 evaluate	
the	 impact	 of	 6-	monthly	 screening	 MRI	 scans	 (Cohort	
1).	 Patients	 diagnosed	 with	 melanoma	 brain	 metastases	
between	 June	 2015	 and	 January	 2018	 were	 included	 to	
evaluate	 the	 impact	 of	 3-	monthly	 follow-	up	 MRI	 scans	
of	 melanoma	 brain	 metastases	 (Cohort	 2).	 Patients	 in-
cluded	in	the	cohort	that	evaluated	screening	MRI	scans	
(Cohort	1)	could	also	be	included	in	Cohort	2	if	they	de-
veloped	brain	metastases	during	follow-	up.	Patients	with	
follow-	up	 at	 other	 hospitals	 and	 patients	 that	 died	 from	
other	invasive	malignancies	were	excluded.	Furthermore,	
due	to	the	different	biological	behavior,	different	pattern	
of	 metastatic	 spread	 with	 much	 lower	 rate	 of	 brain	 me-
tastases,	 and	 poor	 response	 rates	 to	 systemic	 treatment,	
we	 excluded	 patients	 diagnosed	 with	 ocular	 melanoma.	
The	 UMCG	 review	 board	 granted	 ethical	 approval	 and	
waived	 the	 need	 for	 an	 informed	 consent	 procedure	
(METc2017/511	and	METc2019/361).	The	“opt-	out”	reg-
ister	was	assessed	to	exclude	patients	who	disapprove	of	
routinely	collected	data	being	used	for	research	purposes.

K E Y W O R D S

brain	metastases,	early	diagnosis,	melanoma,	neuroimaging,	neuro-	oncology
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2.1	 |	 Management of patients with 
melanoma in the UMCG

The	UMCG	is	one	of	14	certified	melanoma	centers	 in	
the	Netherlands,	and	all	standard	of	care	treatments	are	
available.	According	 to	clinical	practice	 in	 the	UMCG,	
patients	diagnosed	with	metastatic	melanoma	received	
a	brain	MRI	 scan	as	part	of	 standard	diagnostic	work-
	up.	 If	 no	 brain	 metastases	 were	 present,	 the	 advise	
was	 to	 consider	 6-	monthly	 brain	 MRI	 scans	 to	 screen	
for	asymptomatic	brain	metastases.	If	brain	metastases	
were	 diagnosed,	 3-	monthly	 follow-	up	 MRI	 scans	 were	
advised	 to	 evaluate	 treatment	 response.	 Additional	
MRI	 scans	 were	 performed	 when	 clinically	 indicated.	
MRI	 scans	 were	 performed	 according	 to	 standardized	
imaging	protocols,	including	at	least	T1	with	and	with-
out	 contrast	 enhancement,	 T2,	 and	 FLAIR	 sequences.	
Patients	 with	 a	 contra-	indication	 for	 MRI	 scans	 had	
contrast-	enhanced	CT	scans	 instead.	Very	poor	perfor-
mance	status,	short	life	expectancy,	or	lack	of	treatment	
options	 were	 reasons	 to	 omit	 brain	 imaging.	 Besides	
regular	brain	MRI	scans,	the	extracranial	disease	status	
was	evaluated	by	regular	CT	scans,	generally	at	3-	month	
intervals.

2.2	 |	 Extraction of patient and 
tumor data

Age,	 gender,	 BRAF-	mutational	 status,	 LDH-	level	 at	 the	
time	of	diagnosis	of	metastatic	melanoma	and	brain	me-
tastases,	and	the	presence	of	neurological	symptoms	were	
extracted	 from	 electronic	 patient	 charts.	 Moreover,	 all	
anti-	tumor	treatments	received	and	changes	in	treatment	
strategy	 after	 MRI	 scans	 were	 documented.	 Changes	 in	
treatment	 strategy	 were	 defined	 as	 changes	 in	 systemic	
or	 localized	 anti-	tumor	 treatments	 (commencing,	 ceas-
ing,	 or	 providing	 additional	 treatments).	 Additionally,	

shortening	of	the	scan	interval	to	less	than	3 months	was	
also	considered	a	change	in	treatment	strategy.

2.3	 |	 Evaluation of the impact of 
screening and follow- up MRI scans

The	number	of	brain	metastases	diagnosed	at	an	asymp-
tomatic	stage	by	screening	MRI	scans	was	assessed	to	de-
termine	 the	 impact	 of	 6-	monthly	 screening	 MRI	 scans.	
Therefore,	the	first	2 years	after	the	metastatic	melanoma	
diagnosis	were	retrospectively	examined.	The	number	of	
MRI	scans	and	MRI	indications	were	recorded.	Figure 1	
shows	the	different	MRI	indications	and	their	definitions.	
Subsequently,	scan	outcomes	were	reviewed	for	the	diag-
nosis	 of	 brain	 metastases.	 The	 presence	 of	 neurological	
symptoms	before	or	within	1 week	after	the	diagnosis	of	
brain	metastases	was	also	documented.	Patients	who	de-
veloped	neurological	symptoms	within	1 week	after	brain	
metastases	diagnosis	were	also	considered	to	be	diagnosed	
with	symptomatic	brain	metastases.	Furthermore,	changes	
in	 treatment	 strategy	 (i.e.,	 changes	 in	 anti-	tumor	 treat-
ment	or	shortening	of	scan	interval	to	less	than	3 months)	
after	brain	metastases	diagnosis	were	registered.

The	 number	 of	 changes	 in	 treatment	 strategy	 after	
follow-	up	MRI	scans	was	evaluated	to	determine	the	im-
pact	 of	 3-	monthly	 follow-	up	 MRI	 scans.	 First,	 all	 MRI	
scans	performed	within	the	first	year	after	 the	diagnosis	
of	 brain	 metastases	 were	 identified	 including	 the	 scan	
indications.	Subsequently,	 the	outcomes	of	all	 follow-	up	
MRI	 scans	 were	 classified	 as	 progressive,	 stable	 disease,	
partial	or	complete	response,	according	to	the	radiologist	
report.	In	mixed	responses,	the	radiologist	report,	clinical	
patient	notes,	and	scan	 images	were	used	 to	classify	 the	
scan	 outcome.	 In	 cases	 of	 differing	 interpretations,	 the	
case	 was	 discussed	 until	 consensus	 was	 reached.	 Lastly,	
the	 changes	 in	 treatment	 strategy	 after	 follow-	up	 MRI	
scans	were	identified,	and	the	influence	of	the	MRI	scans	

F I G U R E  1  The	different	MRI	
indications	and	their	definitions

Follow-up

Diagnosis
brain metastases

Baseline ScreeningScreening Baseline Follow-up FoFollow-up

Cohort to evaluate impact follow-up MRI scans
in melanoma brain metastases

Cohort to evaluate impact screening MRI scans
in metastatic melanoma

Diagnosis
metastatic melanoma

FFollow-up

Scan indication Definition

Baseline MRI scan Baseline investigation at diagnosis of metastatic melanoma or brain metastases

Screening MRI scan 6-monthly MRI scans to detect brain metastases

Follow-up MRI scan 3-monthly MRI scans to assess treatment response

Scans for symptoms Additional scans performed due to symptoms

Scans for localized
treatment Scans for the planning of cranial radiotherapy or neurosurgery

Other indications Scans to evaluate adverse events and additional response assessment
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on	 treatment	 changes	 was	 classified	 by	 two	 melanoma	
Medical	Oncologists	(MJ	and	GAPH).	For	patients	treated	
with	 BRAF/MEK	 inhibitors	 or	 immune	 checkpoint	 in-
hibitors,	 the	number	of	 treatment	strategy	changes	after	
follow-	up	 MRI	 scans	 were	 also	 examined	 by	 time	 on	
treatment.

2.4	 |	 Statistical analyses

Statistical	 analyses	 were	 performed	 using	 SPSS	 Version	
24.0	(IBM	SPSS	Statistics).	Continuous	variables	were	de-
scribed	using	the	mean	and	standard	deviation	or	median	
and	range,	depending	on	data	distribution.	Kolmogorov–	
Smirnov	 tests,	 histograms,	 and	 Q–	Q	 plots	 were	 used	 to	
analyze	 the	 data	 distribution.	 For	 categorical	 variables,	
frequencies	and	percentages	were	presented.

3 	 | 	 RESULTS

3.1	 |	 Patient and tumor characteristics

In	116	patients,	the	impact	of	screening	MRI	scans	was	de-
termined	(Cohort	1,	Figure 2).	Median	age	at	time	of	met-
astatic	melanoma	diagnosis	was	66 years	(range:	21–	86),	
60	(52%)	were	female,	and	64	(55%)	had	a	BRAF-	mutation.	
The	median	time	between	metastatic	melanoma	diagnosis	
and	diagnosis	of	brain	metastases	or	last	follow-	up	(death	
or	end	of	study	follow-	up)	was	13.1 months	(range:	0–	24).	
Patient	 and	 tumor	 characteristics	 and	 anti-	tumor	 treat-
ments	received	are	presented	in	Table 1.

In	96	patients,	the	impact	of	3-	monthly	follow-	up	MRI	
scans	was	determined	 (Cohort	2,	Figure 2).	The	median	
age	 at	 time	 of	 brain	 metastases	 diagnosis	 was	 63  years	
(range:	35–	90),	41	 (43%)	were	 female,	and	66	(69%)	har-
bored	 a	 BRAF-	mutation	 (Table  1).	The	 median	 time	 be-
tween	brain	metastases	diagnosis	and	last	follow-	up	was	
7.7 months	(range:	0–	12).

3.1.1	 |	 Impact	of	screening	MRI	scans

In	 total,	 238	 MRI	 scans	 were	 performed	 in	 the	 first	
2 years	after	metastatic	melanoma	diagnosis,	of	which	
101	MRI	scans	(42%)	were	performed	as	baseline	imag-
ing.	 In	15	cases,	no	baseline	MRI	scan	was	performed.	
Reasons	 to	omit	baseline	MRI	scans	were	poor	perfor-
mance	 status	 (n  =  6),	 wish	 for	 no	 further	 evaluation	
(n = 2),	claustrophobia	(n = 1),	and	in	six	patients	the	
reason	was	unknown.	Of	 the	238 MRI	scans,	102	were	
screening	 MRI	 scans	 (43%).	 In	 total,	 36%	 of	 the	 ad-
vised	 6-	monthly	 screening	 MRI	 scans	 were	 performed	

(Table  2),	 and	 in	 56	 patients	 (48%)	 no	 screening	 MRI	
scans	 were	 performed.	 Of	 the	 56	 patients	 without	
screening	 MRI	 scans,	 30	 patients	 (54%)	 died	 or	 were	
diagnosed	with	brain	metastases	within	6 months	after	
the	diagnosis	of	metastatic	melanoma.	Other	reasons	to	
omit	screening	MRI	scans	were	claustrophobia	(n = 2)	
and	no	further	treatment	options	(n = 3),	and	in	the	re-
maining	21	patients	the	reason	to	not	perform	screening	
MRI	 scans	 was	 unknown.	 Twenty-	five	 additional	 MRI	
scans	(11%)	were	performed	due	to	neurological	symp-
toms.	The	remaining	11	MRI	scans	(5%)	were	performed	
for	the	follow-	up	of	a	skull	metastasis	(n = 3),	the	evalu-
ation	of	hypophysitis	(n = 4),	or	extra	response	assess-
ment	 (n=4).	 A	 swimmer	 plot	 including	 the	 performed	
MRI	scans	and	diagnosis	of	brain	metastases	is	available	
in	Figure S1.

Of	the	116	patients,	28	patients	(24%)	developed	brain	
metastases	within	the	first	2 years	after	metastatic	mela-
noma	diagnosis	(Figure 2).	In	the	60	patients	in	which	at	
least	one	screening	MRI	scan	was	performed,	17	patients	
(28%)	developed	brain	metastases.	In	11	of	those	patients	
(65%),	 the	 brain	 metastases	 were	 detected	 by	 screening	
MRI	 scans,	 and	 in	 most	 cases	 there	 were	 no	 symptoms	
(8/11,	 73%).	 The	 onset	 of	 neurological	 symptoms	 led	 to	
the	diagnosis	of	brain	metastases	in	six	out	of	17	(35%)	pa-
tients.	The	diagnosis	of	asymptomatic	brain	metastases	by	
the	screening	MRI	scans	resulted	in	treatment	changes	in	
all	eight	patients,	and	these	changes	included	additional	
SRT	(n = 4),	change	 in	systemic	 treatment	 (n = 1),	and	
shortening	of	scan	interval	to	less	than	3 months	(n = 3).	
In	 the	 56	 patients	 without	 screening	 MRI	 scans,	 11	 pa-
tients	(20%)	developed	brain	metastases	and	8	out	of	these	
11	 patients	 (73%)	 were	 symptomatic.	 In	 the	 remaining	
three	patients	(27%),	brain	metastases	were	diagnosed	due	
to	a	suspicious	brain	lesion	on	PET	imaging	(n = 1)	and	
additional	baseline	MRI	scans	before	first-	line	treatment	
(n = 2).

3.1.2	 |	 Impact	of	follow-	up	MRI	scans

In	 96	 patients,	 352	 MRI	 scans	 were	 performed,	 includ-
ing	 107	 baseline	 MRI	 scans	 (30%),	 168	 follow-	up	 MRI	
scans	 (48%),	 38	 scans	 for	 localized	 treatments	 (11%),	
and	22	scans	(6%)	due	to	 the	occurrence	of	neurological	
symptoms	(6%).	The	remaining	17	MRI	scans	(5%)	were	
performed	for	other	indications,	 including	additional	re-
sponse	assessment	(n = 16)	and	the	evaluation	of	an	ab-
scess	after	craniotomy	(n = 1).	In	total,	68%	of	the	planned	
3-	monthly	follow-	up	MRI	scans	were	performed	(Table 2).	
A	swimmer	plot	including	the	performed	MRI	scans	and	
treatment	 strategy	 changes	 after	 follow-	up	 MRI	 scans	 is	
available	in	Figure S2.
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3.2	 |	 Changes in treatment strategy

Changes	 in	 treatment	strategy	were	observed	after	75	
out	 of	 168	 follow-	up	 MRI	 scans	 (45%,	 Figure  3).	 The	
scan	outcome	influenced	the	change	in	treatment	in	67	
out	of	75	cases	(89%).	The	treatment	strategy	changed	
in	 the	 remaining	 eight	 patients	 due	 to	 extracranial	
progression	 (n  =  6)	 and	 treatment-	related	 toxicity	
(n = 2).	In	42	cases,	 the	change	in	treatment	strategy	
was	 due	 to	 progressive	 disease	 and	 included	 changes	
in	systemic	treatment	(n = 20),	implementation	of	lo-
calized	treatment	(n = 9),	shortening	of	scan	interval	
(n = 7),	and	cessation	of	anti-	tumor	treatment	(n = 6).	
Changes	 after	 MRI	 scans	 showing	 stable	 disease	
(n = 9)	were	mainly	shortening	of	scan	intervals	due	to	
mixed	treatment	responses	(n = 4).	Of	the	23	changes	
observed	after	MRI	scans	showing	partial	response,	12	
included	a	change	 in	systemic	 treatment.	The	change	
in	systemic	treatment	mainly	included	a	change	from	
BRAF/MEK	 inhibitors	 to	 immune	 checkpoint	 inhibi-
tors	(10	out	of	12).

3.3	 |	 Impact of follow- up MRI scans in 
time on treatment

BRAF/MEK	inhibitors	were	prescribed	to	54	patients	with	
brain	metastases	(56%,	Figure 4),	which	is	80%	of	patients	
with	 a	 BRAF-	mutation	 (53	 out	 of	 66).	 Additionally,	 one	
symptomatic	patient	received	BRAF/MEK	inhibition	 for	

a	few	days	while	awaiting	mutation	analysis,	which	was	
eventually	 BRAF	 wild	 type.	 Of	 all	 the	 patients	 treated	
with	 BRAF/MEK	 inhibitors,	 nine	 patients	 (17%)	 were	
found	to	have	a	durable	response	(≥6 months).	Within	the	
first	6 months	on	treatment,	treatment	changes	were	ob-
served	after	32	out	of	56	 follow-	up	MRI	scans	 (57%).	Of	
the	 32	 scans	 after	 which	 a	 change	 in	 treatment	 was	 ob-
served,	the	scans	showed	progression	(n = 13),	stable	dis-
ease	 (n  =  3),	 partial	 response	 (n  =  15),	 and	 a	 complete	
response	(n = 1).	Only	seven	MRI	scans	were	performed	
in	 patients	 that	 responded	 to	 BRAF/MEK	 inhibitors	 for	
at	least	6 months.	After	three	of	those	seven	scans	(43%)	
the	treatment	strategy	changed	and	all	three	scans	showed	
progressive	disease.

Immune	 checkpoint	 inhibitors	 were	 administered	 to	
56	patients	(58%,	Figure 4),	and	durable	responses	were	
observed	in	19	patients	(34%).	In	the	first	6 months,	treat-
ment	changes	were	observed	after	15	out	of	47	follow-	up	
MRI	 scans	 (32%).	 Of	 those	 15	 follow-	up	 MRI	 scans	
whereafter	 the	 treatment	 changed,	 11	 showed	 progres-
sion,	three	stable	disease,	and	one	partial	response.	The	
number	of	follow-	up	MRI	scans	resulting	in	a	change	in	
treatment	strategy	decreased	in	time	on	immune	check-
point	inhibitors.	From	6 months	on	treatment	to	the	end	
of	 the	 first	 year	 after	 brain	 metastases	 diagnosis,	 treat-
ment	 changes	 were	 observed	 after	 three	 out	 of	 21	 fol-
low-	up	MRI	scans	(14%).	All	three	scans	showed	partial	
intracranial	response,	and	the	treatment	changed	due	to	
oligo-	extracranial	progression	(n = 2)	and	treatment	tox-
icity	(n = 1).

F I G U R E  2  Consort	diagram	of	the	
study	cohorts.	The	impact	of	screening	
MRI	scans	was	evaluated	in	patients	
diagnosed	with	metastatic	melanoma	
without	brain	metastases	between	June	
2015	and	January	2018	(Cohort	1).	The	
impact	of	follow-	up	MRI	scans	was	
examined	in	patients	diagnosed	with	
brain	metastases	between	June	2015	and	
January	2018	(Cohort	2)

Metastatic melanoma 
diagnosis between
June ’15 - Jan ’18 

(n=209)

n=180

  Excluded (n=29)
  n=11 ocular melanoma
  n=17 not followed at UMCG
  n=1  died from other cancer

Cohort 1
n=116

  Brain metastases at diagnosis     
  metastatic melanoma (n=64)

Brain metastases a  
(n=28, 24%) 

No brain metastases a
(n=88, 76%)

Cohort 2
n=96

Metastatic melanoma 
diagnosis before June ’15 

and brain metastases 
between June ’15 - Jan ’18 

(n=16)
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before Jan ’18 (n=16)
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after Jan ’18 (n=12)
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Impact of screening MRI scans
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Impact of follow-up MRI scans
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4 	 | 	 DISCUSSION

In	 the	 current	 study,	 one	 third	 of	 the	 brain	 metastases,	
diagnosed	 within	 the	 first	 2  years	 after	 the	 diagnosis	 of	
metastatic	melanoma,	were	detected	asymptomatically	by	
6-	monthly	screening	MRI	scans.	Furthermore,	treatment	
strategy	changes	were	observed	after	45%	of	the	3-	monthly	
follow-	up	MRI	scans.	Changes	in	treatment	strategy	after	
follow-	up	MRI	scans	occurred	less	frequently	in	patients	
with	durable	responses	to	immune	checkpoint	inhibitors.

Early	 diagnosis	 of	 brain	 metastases	 has	 become	 in-
creasingly	 relevant	 with	 the	 implementation	 of	 effec-
tive	 treatment	 options	 and	 better	 treatment	 outcomes	
in	 asymptomatic	 patients	 with	 small	 volume	 brain	 me-
tastases.13,16,18	 Nevertheless,	 clear	 guidelines	 on	 the	 use	
of	 screening	MRI	scans	 in	patients	with	metastatic	mel-
anoma	 are	 lacking.23–	25	 Our	 study	 demonstrates	 the	 po-
tential	benefit	of	regular	screening	MRI	scans	in	patients	
with	metastatic	melanoma	 in	 the	current	 treatment	era.	
In	our	 study,	almost	a	quarter	of	 the	patients	diagnosed	

with	 metastatic	 melanoma,	 without	 brain	 metastases	 at	
diagnosis,	developed	brain	metastases	within	2 years	after	
diagnosis.	A	recent,	single-	center	study	without	a	defined	
imaging	protocol,	reported	a	cumulative	brain	metastases	
incidence	of	52%	(55	out	of	106)	in	patients	with	metastatic	
melanoma.4	 In	 66	 patients	 with	 metastatic	 melanoma	
without	brain	metastases	at	diagnosis,	15	patients	 (23%)	
developed	brain	metastases	during	the	 follow-	up	period.	
This	is	comparable	to	the	number	of	patients	developing	
brain	metastases	 in	our	cohort.	 In	 the	patients	who	had	
at	least	one	screening	MRI	scan	in	the	current	study,	the	
majority	of	brain	metastases	were	diagnosed	asymptom-
atically	 by	 screening	 MRI	 scans.	 In	 contrast,	 in	 patients	
who	 lacked	 screening	 MRI	 scans,	 almost	 three	 quarters	
of	the	brain	metastases	were	diagnosed	symptomatically.	
However,	over	half	of	the	patients	without	screening	MRI	
scans	died	or	were	diagnosed	with	brain	metastases	within	
6 months	after	metastatic	melanoma	diagnosis,	which	is	
before	the	first	planned	screening	MRI	scan.	Moreover,	for	
most	other	patients,	the	reason	why	the	oncologist	opted	

T A B L E  1 	 Patient,	tumor,	and	treatment	characteristics

Variable
Impact of screening MRI scans
N = 116; N (%)

Impact of follow- up MRI scans
N = 96; N (%)

Median	age	(range)a 66	(21–	86) 63	(35–	90)

Female 60	(52%) 41	(43%)

BRAF-	mutation	present 64	(55%) 66	(69%)

LDHa

<1	ULN 77	(66%) 61	(64%)

1–	2.5	ULN 23	(20%) 22	(23%)

>2.5	ULN 8	(7%) 7	(7%)

Missing 8	(7%) 6	(6%)

Diagnosis	of	brain	metastases	<2 years	after	
metastatic	melanoma	diagnosis

28	(24%) 93	(97%)

Median	time	of	follow-	up,	months	(range)b 13.1	(0–	24) 7.7	(0–	12)

1-	year	overall	survivalc 76	(66%) 42	(44%)

2-	year	overall	survivalc 52	(45%) 19	(20%)

Systemic	treatmentsd

BRAF/MEK	inhibitors 37	(32%) 54	(56%)

Immune	checkpoint	inhibitors 84	(72%) 56	(58%)

Chemotherapy 5	(4%) 3	(3%)

Localized	treatments	for	brain	metastasesd

SRT –	 34	(35%)

WBRT –	 15	(16%)

(Neuro)surgery –	 18	(19%)
aAt	the	time	of	diagnosis	of	metastatic	melanoma	or	brain	metastases.
bInterval	between	diagnosis	of	metastatic	melanoma	to	diagnosis	of	brain	metastases	or	last	follow-	up	or	diagnosis	from	brain	metastases	to	last	follow-	up.
cFrom	diagnosis	of	metastatic	melanoma	or	brain	metastases.
dReceived	treatments	within	the	first	2 years	after	the	diagnosis	of	metastatic	melanoma	(until	brain	metastases	diagnosis	or	end	of	follow-	up)	and	within	the	
first	year	after	the	diagnosis	of	brain	metastases.	Patients	could	have	received	multiple	systemic	and	localized	treatments.
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to	 omit	 screening	 MRI	 scans	 was	 unknown.	 Therefore,	
these	data	must	be	interpreted	with	caution.

Two	other	studies,	performed	prior	 to	 the	availability	
of	 effective	 treatment	 options,	 examined	 the	 early	 diag-
nosis	of	melanoma	brain	metastases	using	regular	brain	
imaging.3,28	 Asymptomatic	 brain	 metastases	 were	 de-
tected	by	staging	CT	scans	prior	to	the	commencement	of	
interleukin-	2	 treatment	 in	 12%	 of	 metastatic	 melanoma	
patients	 between	 1995	 and	 2009.28	 Furthermore,	 39%	 of	
metastatic	melanoma	patients	that	were	enrolled	in	clin-
ical	 trials	 including	6-	weekly	brain	 imaging	 (CT	or	MRI	
scans)	between	1986	and	2004	were	diagnosed	with	brain	
metastases.3	Our	study	results	can	guide	the	design	of	fu-
ture	prospective,	randomized	studies	on	the	optimal	scan	
interval	 and	 cost-	effectiveness	 of	 screening	 MRI	 scans.	
These	 subsequent	 studies	 may	 also	 identify	 relevant	 pa-
tient	and	disease	factors	influencing	the	optimal	scan	in-
terval	 for	 the	 individual	 patient.	 Potential	 determinants	
relevant	for	the	optimal	screening	MRI	scan	interval	are	
melanoma	location	and	type,	metastatic	sites,	BRAF-		and	
NRAS-	mutational	 status,	 and	 LDH-	level	 at	 diagnosis.	
Furthermore,	extracranial	and	 intracranial	 treatment	re-
sponses	 and	 the	 occurrence	 of	 neurological	 symptoms	
need	to	 inform	decisions	regarding	brain	 imaging	 in	pa-
tients	 with	 metastatic	 melanoma.	 Screening	 for	 asymp-
tomatic	brain	metastases	may	also	be	relevant	for	patients	
with	 other	 tumor	 types	 with	 a	 high	 brain	 metastases	

incidence,	 such	 as	 lung	 and	 breast	 cancers,	 especially	
since	effective	treatment	options	are	also	emerging	for	in-
tracranial	disease	in	those	tumor	types.29–	31

After	 45%	 of	 the	 follow-	up	 MRI	 scans,	 a	 change	 in	
treatment	 strategy	 was	 observed.	 A	 previous	 study	 eval-
uated	the	use	of	follow-	up	MRI	scans	in	patients	treated	
with	SRT.32	Scans	were	performed	2,	4,	6 months	after	SRT	
and	every	3 months	after	that.	Using	that	imaging	proto-
col,	 62%	 of	 intracranial	 progression	 was	 detected	 at	 an	
asymptomatic	 stage.	 Nevertheless,	 they	 did	 not	 evaluate	
the	 impact	of	 the	MRI	scans	 in	patients	without	SRT	or	
whether	 the	 follow-	up	MRI	scans	 led	 to	 treatment	strat-
egy	changes.	A	subsequent	study	reported	that	early	de-
tection	 of	 asymptomatic	 intracranial	 progression	 using	
follow-	up	brain	imaging	was	cost-	effective	due	to	less	use	
of	neurosurgical	interventions	and	lower	expenses	for	the	
management	 of	 neurological	 symptoms.33	 The	 current	
study	demonstrates	that	follow-	up	MRI	scans	often	result	
in	changes	in	the	treatment	strategy	of	patients	with	mel-
anoma	brain	metastases	and	are	 together	with	CT	scans	
evaluating	the	extracranial	disease	status	of	great	impor-
tance	 for	 the	 management	 of	 patients	 with	 metastatic	
melanoma	and	brain	metastases.

We	frequently	observed	treatment	strategy	changes	after	
follow-	up	MRI	scans	in	patients	treated	with	BRAF/MEK	
inhibitors.	 This	 may	 be	 clarified	 by	 proactively	 switch-
ing	 from	 BRAF/MEK	 inhibition	 to	 immune	 checkpoint	

T A B L E  2 	 Adherence	to	advised	6-	monthly	screening	and	3-	monthly	follow-	up	MRI	scans

Screening MRI scans

Time interval 
(months)a

No. of patients alive 
and without BMb

No. of patients with 
screening MRI scanc

Percentage of patients with 
screening MRI scan

Diagnosis of 
asymptomatic BM

0–	6 79 18 23% 1

6–	12 69 33 48% 5

12–	18 60 25 42% 1

18–	24 51 15 29% 1

Average:	36% Total:	8

Follow- up MRI scans

Time interval 
(months)a

No. of patients 
aliveb

No. of patients with 
follow- up MRI scand

Percentage of patients with 
follow- up MRI scan

Changes in 
treatment strategy

0–	3 76 37 49% 22

3–	6 60 43 72% 24

6–	9 47 36 77% 20

9–	12 42 31 74% 9

Average:	68% Total:	75

Abbreviations:	BM,	brain	metastases;	No.,	number.
aTime	from	diagnosis	of	metastatic	melanoma	or	melanoma	brain	metastases.
bAt	upper	limit	of	the	scan	interval
cSix	patients	had	screening	MRI	scans	but	were	not	alive	at	upper	limit	of	scan	interval	and	five	patients	had	two	screening	MRI	scans	within	6 months.
dTwelve	patients	had	follow-	up	MRI	scans	but	were	not	alive	at	upper	limit	of	scan	interval	and	nine	patients	had	two	follow-	up	MRI	scans	within	3 months.
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inhibitors	in	responding	patients	in	selected	cases,	next	to	
the	limited	duration	of	intracranial	response	to	BRAF/MEK	
inhibition.11,13,14	In	patients	receiving	immune	checkpoint	
inhibitors,	the	number	of	treatment	changes	after	follow-	up	
MRI	scans	decreased	in	time	on	treatment.	The	latter	may	
be	explained	by	the	higher	frequency	of	treatment	failures	
occurring	in	the	first	6 months	of	immune	checkpoint	in-
hibitor	 therapy	 compared	 to	 the	 occurrence	 of	 treatment	

failure	beyond	6 months	of	therapy.6,7,34,35	In	our	study,	the	
changes	in	treatment	strategy	within	the	first	6 months	on	
immune	checkpoint	inhibitors	were	mostly	observed	after	
scans	showing	progression.	In	contrast,	after	6 months	on	
treatment,	the	treatment	changed	due	to	other	reasons	than	
intracranial	progression.	It	might	be	hypothesized	that	the	
scan	interval	can	be	prolonged	in	patients	with	a	durable	re-
sponse	to	immune	checkpoint	inhibitors,	while	continuing	

F I G U R E  3  Alluvial	plot	for	the	
proportion	of	follow-	up	MRI	scans	after	
which	treatment	strategy	was	changed	
versus	follow-	up	MRI	scans	after	which	
no	treatment	change	was	observed,	
stratified	by	MRI	outcomes.	Scans	after	
which	a	change	in	treatment	strategy	was	
observed	are	further	subdivided	into	type	
of	treatment	change
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F I G U R E  4  Bar	plots	showing	the	
number	of	MRI	scans	after	which	a	
change	in	treatment	strategy	was	observed	
stratified	by	type	of	systemic	treatment	
receiving	at	time	of	scanning.	Timeframes	
indicate	duration	of	systemic	treatment	at	
time	of	scanning.	Patients	who	received	
multiple	systemic	treatment	lines	were	
repeatedly	included	at	the	start	of	a	new	
line	of	treatment
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3-	monthly	follow-	up	MRI	scans	in	patients	on	BRAF/MEK	
inhibitors	may	be	more	appropriate	to	monitor	for	disease	
progression	or	a	“therapeutic	window”	to	commence	 im-
mune	checkpoint	inhibitors,	when	clinically	possible.

The	 retrospective	 nature	 of	 this	 study	 is	 a	 limitation.	
Patients	were	retrospectively	selected	from	a	registry	to	de-
termine	the	impact	of	screening	and	follow-	up	MRI	scans.	
In	those	patients,	6-	monthly	screening	and	3-	monthly	fol-
low-	up	MRI	scans	were	performed	in	36%	and	68%	of	pa-
tients,	respectively.	The	charts	often	lacked	documentation	
of	reasons	for	omitting	the	scans.	Prospective,	randomized	
studies	with	stricter	scan	interval	protocols	are	needed	to	
determine	the	optimal	scan	interval	of	screening	and	fol-
low-	up	MRI	scans	and	the	impact	of	regular	brain	imaging	
on	survival	of	patients	with	metastatic	melanoma	with	and	
without	brain	metastases.	Furthermore,	reasons	to	change	
treatment	were	not	systemically	recorded.	Therefore,	two	
medical	melanoma	oncologists	independently	determined	
the	influence	of	follow-	up	MRI	scans	on	treatment	changes	
retrospectively.	The	current	study	was	a	single-	center	study.	
Therefore,	the	oncologists	could	have	also	been	the	treat-
ing	physician.	This	may	have	influenced	the	assessment	of	
the	contribution	of	the	scan	outcomes.

In	 conclusion,	 screening	 MRI	 scans	 in	 patients	
with	 metastatic	 melanoma	 aid	 in	 the	 early	 detection	 of	
brain	 metastases	 before	 neurological	 symptoms	 occur.	
Furthermore,	 regular	 follow-	up	 MRI	 scans	 in	 patients	
with	melanoma	brain	metastases	lead	to	changes	in	treat-
ment	 strategy.	 In	 patients	 with	 durable	 response	 to	 im-
mune	 checkpoint	 inhibitors,	 the	 changes	 in	 treatment	
strategy	after	 follow-	up	MRI	scans	decreased	 in	 time	on	
treatment.	 More	 research	 is	 warranted	 to	 determine	 the	
impact	 and	 cost-	effectiveness	 of	 regular	 brain	 imaging	
and	subsequent	treatment	changes	in	survival	and	to	de-
termine	 the	 optimal	 scan	 interval	 of	 screening	 and	 fol-
low-	up	MRI	scans.
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