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Abstract. Brain metastasis (BM) is a frequent complication 
of systemic cancer usually associated with poor prognosis. 
Survival depends on numerous factors, which complicates 
prognosis and treatment. It has been suggested that BM 
growing from previously dormant disseminated tumour 
cells (DTCs) may exhibit a milder phenotype than BM derived 
from continuously progressing metastatic cells; however, to 
the best of our knowledge, the prognosis of patients presenting 
with BM from dormant DTCs is unknown. The present study 
retrospectively compared survival data, collected from a single 
neurosurgical centre, between patients presenting with BM 
from previously dormant DTCs and patients with non‑dormant 
BM. A total of 262 medical records were reviewed. In the 
univariate Cox regression analysis, the median survival of 
the dormant BM group was statistically longer than that of 
the non‑dormant group (P=0.048); a trend towards a longer 
survival persisted after correcting for age, presence of breast 
cancer and treatment options (P=0.057), which are all factors 
known to influence outcome. The improved outcome of these 
patients could be considered in models for prognostication. 
Moreover, the development of therapies able to eradicate 
dormant DTCs could provide a new promising strategy to 
prolong the survival of patients with a favourable prognosis.

Introduction

Brain metastasis (BM) is a frequent complication of 
systemic cancer types (1). Although highly dependent on 
the primary tumour (PT) and histological subtype (2), the 
prognosis of BM is often poor (3). Epidemiological studies 
have shown a BM incidence of 10‑30% (4‑6); however, due 

to improvements in the systemic treatment of PTs, leading to 
a longer survival, and the detection capabilities of imaging 
modalities, this incidence is expected to increase (3). Recent 
evidence has suggested that dissemination might occur 
during the early stage of tumour evolution (7‑9), even before 
the manifestation of the PT  (10). Depending on the PT 
site (3), the delay between PT diagnosis and BM presenta‑
tion can range from a few months to several years. In fact, 
early undetectable disseminated tumour cells (DTCs) might 
become refractory to conventional therapies after extravasa‑
tion and seeding in a target organ, since they enter dormancy 
(Fig. 1) (11‑13). For that reason, DTCs can be the source of 
late tumour recurrence.

Solitary tumour cell dormancy is defined as a reversible 
non‑proliferative cellular state characterized by temporary 
mitotic and growth arrest (13), probably as the consequence 
of a delayed adaptation to the microenvironment of the 
pre‑metastatic site (14). Further genetic and epigenetic muta‑
tions allow dormant cells to overcome target organ inhibitory 
signals, undergo mesenchymal‑to‑epithelial transformation 
and stimulate neoangiogenesis, a required step for prolif‑
eration  (15‑20). This process could result in the delayed 
occurrence of metastasis. Continuous tumour growth models 
have failed to explain the long interval between PT diagnosis 
and distant disease recurrence, and indeed, the clinical data 
point to a dormancy‑based model for this delayed meta‑
static development (21,22). To the best of our knowledge, no 
previous study has analysed whether a selected population of 
patients presenting with BM growing from dormant DTCs 
(i.e., patients with a long progression‑free interval between 
PT and BM diagnosis with neither PT recurrence nor other 
metastatic localizations) have a prolonged survival. DTCs 
have been shown to have a less aggressive phenotype than that 
of PTs or overt metastases (23). Therefore, the present study 
aimed at determining whether dormant BM positively influ‑
ences survival. We retrospectively collected data on patients 
presenting with a BM managed at our institution between 
January  2004 and December  2019 to provide descriptive 
statistical analyses of our cohort. We particularly focused on 
those patients presenting with a long progression‑free interval 
before the BM diagnosis. The secondary aim was to analyse 
the clinical characteristics of PTs and BMs that are linked to 
the phenomenon of dormancy.
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Materials and methods

Patients. All patient medical records included in our insti‑
tutional (Erasmus Hospital, Free University of Bruxelles, 
Belgium) neurosurgical database of BM between January 2004 
and December 2019 were reviewed. In addition, cases of cere‑
bral metastasis discussed in weekly multidisciplinary team 
meetings during the same period were included in the medical 
records review, following the exclusion of duplicates. The 
inclusion criterion for further analysis was ≥1 histologically 
confirmed BM from a solid extracerebral PT. Patients with a 
high suspicion of BM but without a histological confirmation 
were, as a consequence, excluded. The other exclusion criteria 
were a lack of clinical data, vertebral or skull bone metas‑
tasis, leptomeningeal metastasis and other final diagnoses 
(i.e. inflammatory process or brain primary tumour). For each 
included case, the following information was collected from 
the medical records: Sex, age at PT diagnosis, histological 
and molecular PT type, work‑up and follow‑up assessment, 
age at BM diagnosis and time span between BM and PT 
diagnoses, BM localization and associated symptoms, pres‑
ence of previous or simultaneous distant localizations at BM 
diagnosis, treatment of the BM and follow‑up. Based on this 
information, patients were classified into three groups. The 
first group included patients with BMs from an unknown PT 
(uPT group), the second included patients presenting with a 
BM from a known cancer with local or systemic progression, 
or both (pPT group), and the last group included patients 
experiencing a progression‑free period following PT treat‑
ment without local or distant recurrence at the moment of BM 
diagnosis (dPT group). To exclude undetectable but already 
growing BM at the time of the PT diagnosis, only patients 
presenting with a minimum of 30 months of progression‑free 
disease were included in the dPT group (24). Only PT origins 
found in >2% of the total cohort were considered indepen‑
dently; less frequently observed PT origins were placed in the 
‘other’ group. Since drugs targeting specific molecular tumour 
profiles have a positive influence on outcome (25), the molec‑
ular biology phenotype was included in the survival analysis. 
Since receptor expression in breast cancer allowed for specific 
treatments (26), immunohistochemistry was included in the 
molecular biology group.

Statistical analysis. Statistical analysis was performed using 
IBM SPSS® for Windows version 25 (IBM Corp). P<0.05 was 
considered to indicate a statistically significant difference. 
Categorical variables are expressed as a count (percentage), 
whereas continuous data are presented as a median and inter‑
quartile range (IQR). Kruskal‑Wallis, Fisher's exact and χ2 tests 
were used to analyse differences in variables between groups, 
as appropriate. The Dunn's post hoc test was employed in case 
of P<0.05. The Kaplan‑Meier method, the log‑rank test and 
Cox regression were used for survival analysis. Variables with a 
P<0.1 in the univariate analysis were included in the multivariate 
Cox model. Furthermore, if the absolute value of the estimated 
correlation between two variables was ≥0.3, one of the variables 
was excluded from the multivariate analysis. A backward step‑
wise method was used with variables entering the model if their 
probability value was ≤5%, and leaving the model if the value 
was >10%. All reported probabilities were two‑sided.

Results

Included patients. After obtaining approval from the ethics 
committee (approval no. P2019/319), the medical records of 
346 patients admitted to our institution (Erasmus Hospital, 
Free University of Bruxelles, Belgium) for suspected BM 
between January 2004 and December 2019 were reviewed. A 
total of 85 patients were excluded from further analysis for 
the following reasons: 19 patients did not have histological 
confirmation of the metastatic origin of the brain lesion; 
information was missing for 12 patients; 49 patients underwent 
neurosurgery for vertebral or skull bone metastasis and not 
for parenchymal lesions; and for five patients, the final histo‑
logical diagnosis did not confirm the initial BM hypothesis. 
Thus, 261 patients were included in the analysis. Two illustra‑
tive case are reported herein.

Case 1. A 55-year-old woman was admitted to the neurology 
department for headache and progressive cognitive decline. 
The only significant previous medical issue, except for arte‑
rial hypertension, was a serous papillary carcinoma of the left 
ovary (T3cN0M0, positive for oestrogen receptors) treated by 
chemotherapy (carboplatin and Taxotere) and hysterectomy 
with salpingo-oophorectomy 4 years earlier; a standard 
follow-up assessment showed neither local nor distant cancer 
recurrence. Bradypsychia without lateralization signs was 
observed during the neurological examination. Magnetic 
resonance imaging (MRI) of the brain, performed during 
hospitalization (Fig. 2A-C), revealed a large ring-enhancing 
right frontal lesion with extensive oedema and subfalcine 
herniation. Neither local nor distant recurrences of the primary 
tumour were found after a complete work-up. Resection of 
the brain lesion was performed. The pathological analysis 
revealed oestrogen receptor-positive ovarian cancer metas‑
tasis. Brain radiotherapy (30 Gy in 10 fractions) was delivered 
after neurosurgery. The BM progressed 2 years later with the 
appearance of a second lesion in the right occipital lobe that 
was treated by radiotherapy (30 Gy in 5 fractions). Despite 
treatment, the cancer progressed; a decision for palliative care 
was subsequently assumed. The patient succumbed 45 months 
after the first BM diagnosis. This case is remarkable compared 
with what has been reported in the literature (27); the patient 
showed a considerably longer progression-free survival (40 vs. 
24 months) and overall survival duration after BM diagnosis 
(45 vs. 6.4 months). 

Case 2. An 82-year-old patient was admitted to the emer‑
gency department of our institution due to a 1-minute loss 
of consciousness. The patient complained of gait instability 
for several months before admission, and family members 
reported progressive cognitive decline, particularly in 
executive functions. The patient had a medical history of 
hypertension, hyperlipidaemia, type 2 diabetes, mild cognitive 
impairment, obstructive sleep apnoea, laminectomy for narrow 
lumbar spine canal syndrome and carotid endarterectomy for 
high-grade right carotid stenosis. A noteworthy consideration 
is that, 20 years earlier, he underwent local and inguinal lymph 
node dissection surgery and 1 year of interferon-α adjuvant 
therapy for cutaneous melanoma in the left leg (Breslow depth 
1.15 mm, Clark level 2, T2aN1aM0, Stage I); work-up and 
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follow-up screenings were negative for metastasis. MRI of 
the brain after admission revealed a 25x5 mm right frontal 
lesion surrounded by vasogenic oedema (Fig. 2D-G); a second 
small left temporal lesion was also suspected. The LDH 
levels in blood samples were normal (178 U/l; normal range, 
135-225 U/l). A course of dexamethasone was prescribed 
and the patient underwent neurosurgery for the larger lesion 
a few days later. Pathological and molecular analysis showed 
BRAF V600 E-mutated melanoma metastasis. A thorough 
assessment revealed neither local nor distant recurrences of 
the primary tumour. Gamma knife intervention was proposed 
for the second lesion, but the patient declined. He was thus 
transferred to a palliative care institution. Here, the case of 

a patient who experienced 20 years of disease-free survival 
before presenting a BM at a unique recurrence site of his 
primary tumour was presented; unfortunately, due to patient 
refusal, despite proposed treatment options, it was not possible 
to achieve long-term survival.

Patient characteristics. Patient characteristics are summa‑
rized in Table I. A slight female predominance was present 
in the current cohort (n=144; 55%). The PTs most commonly 
associated with BM were lung (n=138,  53%), breast 
(n=44; 17%), melanoma (n=20; 8%) and colon‑rectal cancer 
types (n=15;  6%). In 37%  of cases (n=98), BM was the 
first manifestation of a previously unknown PT. A total of 

Figure 1. Cancer cell metastatic dissemination and dormancy. (A) Initially, tumour cells leave the primary tumour mass and invade vascular system (intravasa‑
tion). (B) Next, DTCs successively spread and seed to the brain. Following adhesion, DTCs extravasate through the BBB and enter the brain. (C) DTCs activate 
self‑imposed dormancy programs that allow them to adapt to the new microenvironment. (D) The accumulation of new genetic alterations allows DTCs to exit 
quiescence, activate the angiogenic switch and facilitate the evasion of the immune system leading to tumour cell expansion. It may take years for these steps 
to be completed. DTCs, disseminated tumour cells; BBB, blood‑brain barrier.

Figure 2. Case 1: (A) Axial T2‑, (B) post‑gadolinium T1‑ and (C) T2 FLAIR‑weighted images showing a large intra‑axial ring‑enhancing right frontal lesion 
(arrows in B), with extensive surrounding oedema (arrow in A). A severe mass effect with a midline shift and subfalcine herniation was observed (dashed 
arrow in C). Case 2: (D) Axial T2 FLAIR‑, (E) T2‑ and (F) pre‑ and (G) post‑gadolinium T1‑weighted‑images showing a 25x5 mm heterogeneous mass lesion 
that developed in the right superior frontal sulcus (arrow in E). The lesion was hypointense on both T1‑ and T2‑weighted images (arrow in E), likely due to 
haemorrhage, and was vividly enhanced following contrast injection (arrow in G). Surrounding vasogenic oedema was observed (arrow in D), but only with a 
mild effacement of the adjacent sulci. FLAIR, fluid attenuated inversion recovery.
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Table II. Clinical characteristics on first presentation with brain metastases according to brain metastasis type compared by χ2, 
Fisher's exact or Kruskal‑Wallis tests.

Parameters	 dPT group	 pPT group	 uPT group	 P‑value

Number of patients (%)	 24 (10)	 139 (53)	 98 (37)	  NA
Median age PT, years (IQR)a	 53 (43.8‑59.3)	 56 (45.5‑61.5)	 57 (52‑65)d	 0.03
Median PT to BM, months (IQR)a	 41.5 (35.8‑85.5)e,f	 22 (11‑44.5)f	 0 (0)	 <0.001
Median age BM, years (IQR)a	 57 (48‑64.8)	 58 (48‑66)	 57 (52‑65)	 0.9
PT Mol‑Bio (%)c				    <0.01
  No	 4 (17)e,f	 72 (51)	 47 (48)	
  Yes	 20 (83)	 67 (48)	 51 (52)	
Sex, female (%)b	 20 (83)e	 82 (59)	 41 (42)d,e	 <0.001
BM symptoms (%)c				    0.01
  None	 2 (8)	 12 (9)	 0 (0)d,e	
  Seizure	 6 (25)e	 12 (9)	 13 (13)	
  Other	 16 (67)	 115 (82)	 85 (86)	
BM localization (%)c				    0.49
  InfraT	 5 (20)	 28 (20)	 21 (21)	
  SupraT	 19 (79)	 94 (68)	 66 (67)	
  Both	 0 (0)	 17 (12)	 11 (11)	
BM number c				    0.9
  Unique (%)	 18 (75)	 96 (69)	 69 (70)	
  ≤3 (%)	 4 (16)	 34 (24)	 24 (24)	
  >3 (%)	 2 (8)	 9 (6)	 5 (5)	
  Tot (IQR)a	 1 (1‑4)	 1 (1‑8)	 1 (1‑13)	 0.92
Systemic disease (%)c				    <0.001
  No	 24 (100)	 36 (32)	 31 (34)	
  Yes	 0 (0)	 74 (67)	 58 (66)	
PT recurrence (%)c				    <0.001
  No	 24 (100)	 39 (28)	 0 (0)	
  Yes	 0 (0)	 100 (72)	 98 (100)	
PT localisation (%)				  
  Otherc	 0 (0)	 19 (14)f	 4 (4)	 0.01
  Lungc	 6 (25)	 49 (35)	 83 (85)d,e	 <0.01
    Mutationsc	 2 (50)	 13 (65)	 21 (43)	 0.27
    Histological subtypesc				    0.73
       Sclc	 1 (16)	 5 (10)	 10 (12)	
       Adenok	 4 (67)	 33 (67)	 60 (72)	
       Squamous	 1 (16)	 7 (14)	 8 (9)	
  CRCc	 0 (0)	 12 (8)	 3 (3)	 0.08
  RCCc	 0 (0)	 4 (3)	 3 (3)	 0.69
  Uterusc	 1 (4)	 4 (3)	 1 (1)	 0.52
  Breastc	 13 (54)e	 31 (22)	 0 (0)	 <0.01
    Molecular subtypesc				    0.88
    3neg	 5 (38)	 10 (34)	 NA	
   HR+/HER2+	 2 (15)	 5 (17)	 NA	
    HR‑/HER2+	 2 (15)	 5 (17)	 NA	
    HR+/HER2‑	 3 (23)	 1 (3)	 NA	
  Melanomac	 2 (8)	 14 (10)	 4 (4)	 0.23
  Ovaryc	 2 (8)	 6 (4)	 0 (0)	 0.048
BM treatment (%)c				    0.92
  Surgery	 0 (0)	 4 (3)	 2 (2)	
  Rtp	 2 (8)	 7 (5)	 1 (1)	
  Surgery+Rtp	 22 (92)	 128 (92)	 90 (92)	
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14 (5%) BMs were asymptomatic and were detected during 
a follow‑up brain imaging. A total of 178 (68%) BMs were 
supratentorial, and 183 (70%) were unique. In 209 (80%) 
cases, a systemic active disease was observed, which was 

a metastatic localization beyond the BM and/or a PT recur‑
rence at the first presentation of BM. In 123 (47%) cases, 
molecular analysis was not available.

Patient characteristics divided according to BM type are 
summarized in Table II. A total of 24 (10%) patients fulfilled 
the inclusion criteria for the dPT, 139 (53%) for the pPT and 
98 (37%) for the uPT groups. Regarding BM localization and 
the number of metastases, the groups did not present any 
statistically significant differences. In the univariate analysis, 
patients with dPT were younger [53 (IQR, 43.8‑59.30 years 
old) vs. 57 (IQR, 52‑65) in the uPT group; P<0.033)] when 
the PT was diagnosed, but due to the longer time elapsed until 
the BM diagnosis, the groups did not differ in terms of age at 
BM diagnosis (P=0.9). The dPT patients were more frequently 
female [83 vs. 59 (P=0.03) and 42% (P<0.001) in the pPT and 
uPT groups, respectively]. In up to 25% of patients in the 
dPT group, the clinical presentation of BM was predominantly 
seizures, with a frequency 2 times higher than that in other 
patients. A statistically significant difference in PT origin was 
observed; breast cancer was the most common PT origin in 
the dPT group (n=13; 54%), whereas lung cancer was the most 
common in the uPT group (n=83; 85%). No differences were 
reported between the histological and molecular subgroups 
for either breast or lung cancer. The rate of PT recurrence and 
presence of an active systemic disease differed between groups 
(P<0.01). Of note, by definition, patients in the dPT group did 
not present PT recurrence or other metastatic localizations. 
Thorough evaluations (e.g. full‑body CT and PET scans) did not 
show any metastatic localizations, other than those in the brain, 
in ~1/3 of patients from either the pPT or uPT group (n=36 and 
n=31, respectively). The PT recurred in 100 (72%) patients in the 
pPT group. The rate of molecular biology analysis was higher in 
the dPT group than in the other groups (P<0.01).

Survival analysis. Follow‑up data were available for 208 patients 
(79% of the entire sample); 17% of patients (n=35) were still 
alive at the time of the final analysis. The results of the survival 
analysis are summarized in Tables III and SI. In the univariate 
model, a longer time between PT and BM diagnoses (P=0.021), 
female sex (P<0.001), breast cancer (P=0.02), presence of 
molecular biology analysis (P=0.007) and treatment with 

Table II. Continued.

Parameters	 dPT group	 pPT group	 uPT group	 P‑value

Median survival, months (IQR)a	 27.5 (15.3‑45.5)	 19 (7‑35)	 11 (6‑17)d,e	 <0.001

aVariables analysed using the Kruskal‑Wallis test and the Dunn's post hoc test in case of P<0.05; bvariables analysed using the χ2 test; cvariables 
analysed using the Fisher's exact test. Significant P‑values (i.e. <0.05) are bold. P<0.05 vs. ddPT, epPT, fuPT. BM, brain metastases; PT, primary 
tumour; dPT group, group of patients experiencing a progression‑free period following PT treatment without local or distant recurrence at the 
moment of BM diagnosis; uPT group, group of patients presenting with BMs from an unknown PT; pPT group, group of patients presenting 
with a BM from a known cancer with local or systemic progression, or both; median age PT, median age of diagnosis with PT; median age 
BM, median age of diagnosis with BM; PT Mol‑Bio, primary tumour with available molecular analysis; adenoc., adenocarcinoma; CRC, 
colon‑rectal cancer; ER, oestrogen receptors positive breast cancers; HER2, human epidermal growth factor receptor 2 protein positive breast 
cancers; HR, hormone receptors; infraT, infratentorial; NA, not applicable; ‘Other’ category included: Oesophageal cancer (n=4), otorhinolar‑
yngological cancer (n=4), prostate cancer (n=3), sarcoma (n=2), thyroid cancer (n=2), testicular cancer (n=2), pelvic neuroblastoma (n=1) and 
unknown (n=5) origin. PR, progesterone receptors positive breast cancers; RCC, renal cell carcinoma; Rtp, radiotherapy; sclc, small cells lung 
cancer; supraT, supratentorial; mutations, ALK/ROS‑a/KRAS/EGFR positive non‑small cells lung cancers; IQR, interquartile range. 

Figure 3. (A) Kaplan‑Meier curves demonstrating the overall survival rate 
in the dPT group, as compared with that in the pPT (log‑rank test; P=0.12) 
and uPT (P=0.006) groups. (B) Graph of Cox regression curve showing 
the overall survival rate of the dPT group, as compared with that of the no 
dPT group (i.e. pPT and uPT groups), after correcting for age, presence of 
breast cancer and treatment for the metastases. A trend towards a better 
outcome was evident in the dPT group, although it was not statistically 
significant (P=0.057).
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neurosurgery and radiotherapy (P=0.03) were associated with 
a better outcome. By contrast, the presence of systemic disease 
(P=0.008), PT recurrence (P<0.001) and older age (P=0.009) 
were factors that negatively influenced prognosis.

The Kaplan‑Meier curves (Fig. 3) showed that patients in 
the dPT group had a significantly longer survival than patients 

in the uPT  group [28  (IQR  15.3‑45.5) vs. 11  (IQR 6‑17) 
months; P=0.005], but no difference was observed compared 
to patients in the pPT group [19 (IQR 6‑17) months; P=0.12)]. 
Multivariate Cox analysis (Table III) showed that survival was 
statistically correlated with a younger age at BM diagnosis, 
with a 2% increase in the risk of mortality per year [hazard 

Table III. Univariate and multivariate Cox regression for survival analysis.

	 Overall survival (months)	 Univariate COX regression	 Multivariate Cox regression
	----------------------------------------------	--------------------------------------------------------------	-------------------------------------------------------------------  
Parameters	 median	 [95% CI]	 HR 	 [95% CI] 	 P‑value	 HR 	 [95% CI] 	 P‑value

Sex								     
  F	 21	 [18.9‑27]	 0.52	 [0.38‑0.72]	 <0.001	 NA	 NA	 NA
  Ma	 13	 [10.9‑15.1]	 	 	 	 	 	      
BM symptoms								     
  None	 24	   [5.2‑42.8]	 0.73	 [0.39‑1.35]	 0.32	 NA	 NA	 NA
  Seizure	 18	 [12.2‑23.7]	 0.84	 [0.51‑1.37]	 0.49	 NA	 NA	 NA
  Othera	 16	 [12.6‑19.4]				 	 	      
BM localisation								     
  InfraT	 17	   [3.4‑30.6]	 0.58	 [0.33‑1.02]	 0.23	 NA	 NA	 NA
  SupraT	 17	 [13.7‑20.3]	 0.69	 [0.43‑1.11]	 0.99	 NA	 NA	 NA
  Botha	 13	   [9.5‑16.5]	 	 	 	 	 	      
BM number								     
  Uniquea	 17	 [13.5‑20.5]	 	 	 	 	 	      
  ≤3	 17	 [11.5‑22.5]	 0.98	 [0.68‑1.41]	 0.92	 NA	 NA	 NA
  >3	 19	 [11.7‑26.3]	 0.78	 [0.42‑1.45]	 0.43	 NA	 NA	 NA
PT recurrence								     
  No	 30	 [21.3‑38.7]	 0.52	 [0.36‑0.74]	 <0.001	 NA	 NA	 NA
  Yesa	 14	    [11‑16.9]	 	 	 	 	 	      
PT Mol‑Bio								     
  Noa	 13	 [10.1‑15.9]	 	 	 	 	 	      
  Yes	 20	 [12.6‑27.4]	 0.66	 [0.49‑0.89]	 0.007	 NA	 NA	 NA
Systemic disease								     
  No	 20	 [11.9‑28.1]	 0.62	 [0.45‑0.87]	 0.008	 NA	 NA	 NA
  Yesa	 13	   [9.9‑16.1]	 	 	 	 	 	      
Age BM	 NA	       NA	 1.02	 [1.01‑1.03]	 0.009	 1.016	 [1.003‑1.03]	 0.016
BM treatment								     
  Surgery + Rtp	 17	 [13.9‑20.1]	 0.5	 [0.28‑0.88]	 0.03	 0.538	 [0.31‑0.95]	 0.034
  Rtp or surgerya	 8			   [2.7‑13.3]	 	 	 	 		      
PT localization								     
  Breast	 34	 [24.1‑43.9]	 0.64	 [0.41‑0.99]	 0.02	 0.75	 [0.50‑1.13]	 0.172
  Lung	 14	 [10.7‑17.3]	 1.02	 [0.72‑1.143]	 0.16	 NA	 NA	 NA
  Othera	 17	 [11.4‑22.6]	 	 	 	 	 	      
dPT								     
  Yes	 28	 [17‑1‑38.9]	 0.58	 [0.33‑0.99]	 0.048	 0.59	 [0.34‑1.02]	 0.057
  Noa	 16	 [13.3‑18.7]	 	  [17‑1‑38.9] 	 	 	 	  

Data are presented as median and 95% confidence interval (CI) survival time expressed in months. aReference for calculating the hazard ratio 
in the univariate analysis.  BM, brain metastases; PT, primary tumour; dPT, patients experiencing a progression‑free period following PT 
treatment without local or distant recurrence at the moment of BM diagnosis; infraT, infratentorial; PT Mol‑Bio, primary tumour with available 
molecular analysis; NA, not applicable; Rtp, radiotherapy; supraT, supratentorial. Multivariate Cox regression significant P‑values (i.e. <0.05) 
are bold. 
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ratio (HR), 1.02; P=0.016], as well as with neurosurgery and 
radiotherapy treatment, which reduced the risk of mortality 
by  ~50%, as compared to surgery or radiotherapy alone 
(HR, 0.53; P=0.034). The dPT group had a longer survival than 
the other groups (Fig. 3), with a 41% reduction in mortality 
(HR, 0.59; P=0.057). The model failed to show improved 
survival for patients with breast cancer as the PT.

Discussion

To the best of our knowledge, this was the first study focusing 
specifically on the clinical characteristics and survival 
of patients presenting with dormant BMs (dPT group). In 
particular, in the multivariate analysis, dPT patients exhib‑
ited a tendency, albeit not significant (P=0.057), towards an 
improved outcome; dPT patients presented a median survival 
of 28 months and a 5‑year survival rate of 14% (vs. 16 months 
and 5%, respectively, in the non‑dormant group). Since there is 
no clinical definition of dormant BM, the arbitrary threshold of 
30 months of progression‑free disease before BM diagnosis was 
used, which was derived from mathematical models developed 
for breast cancer (28). Moreover, by excluding patients with 
systemic disease or PT recurrence, the probability of including 
BMs derived from a PT or other metastatic localizations was 
reduced. Thus, even if the present study could not exclude that 
BMs growing from dormant DTCs could be present in groups 
other than the dPT group, the authors are confident that the 
current dormant population was appropriately selected. On the 
other hand, this overlap might have influenced the statistical 
significance of the inter‑group comparisons. Whether some 
specific characteristics of dormant metastasis affect survival 
remains unknown.

Solitary tumour cell dormancy is defined as a reversible 
non‑proliferative cellular state characterized by temporary 
mitotic and growth arrest (13), probably due to a delayed DTCs 
adaptation to the microenvironment of the pre‑metastatic 
site  (14). The mechanism responsible for ‘awakening’ DTC 
dormant cells to an actively proliferating phenotype has not 
been completely elucidated, but has been found to be depen‑
dent on the balance between intrinsic and microenvironmental 
factors (29). Following the occurrence of genetic or epigenetic 
mutations, such as the activation of growth factor signalling (30) 
and expression of pro‑angiogenetic molecules (31), which is a 
required step for proliferation (15‑19), the dormant DTCs are 
reactivated; however, they only grow into metastasis in the 
presence of a permissive microenvironment. In addition to 
extracellular matrix components or soluble ligands able to arrest 
proliferation (32), brain‑resident cells, such as microglia and 
astrocytes, provide an environment that affects the development 
of metastatic brain tumours. Early contact between DTCs and 
astrocytes might lead to tumour cell death (33). However, there 
is accumulating evidence that astrogliosis can provide support 
for tumour outgrowth (34), and activated astrocytes can affect 
microglia and T cell functions, creating an immunosuppres‑
sive microenvironment that promotes DTC proliferation (35). 
Furthermore, circulating immune cells could put additional 
survival pressure on cancer cells arrested within the cerebral 
capillaries prior to extravasation (36). It could be speculated that 
patients who have a more efficient immune system and exhibit 
a preferential differentiation of brain‑resident cells towards a 

neuroprotective phenotype can more effectively control BM 
growth. On the other hand, it has been demonstrated that the 
biology of DTCs diverges from that of the PT or overt metas‑
tases (23); furthermore, studies have shown that, in certain types 
of cancer, dissemination occurs in the early phase or even before 
the PT is detectable (9). BMs growing from previously dormant 
DTCs might present a milder phenotype (37) than those derived 
from progressing, and thus more aggressive, PT tumours, which 
partially explains the longer survival of patients with dormant 
metastasis. Although certain studies have already identified the 
dormancy‑related genetic profiles in the PT associated with the 
occurrence of delayed metastasis (15,38), the most clinically 
useful analyses would focus on dormant DTC profiling (39). 
This approach might provide targets to aid the development 
of drugs that can induce or maintain dormancy; furthermore, 
follow‑ups of the most frequent DTC‑hosting organs, such as 
a yearly evaluation of the bone marrow in patients with breast 
cancer, may allow for the detection of markers of awakening 
DTCs, which would necessitate therapeutic escalation (39).

With regard to BM characteristics, seizures at BM diag‑
nosis were more frequent in patients with dormant BM, which 
could be partially due to the preponderant, albeit not signifi‑
cant, supratentorial localisation of dormant BMs. Although 
BMs from melanoma have been described as more likely to 
lead to seizures, due to their haemorrhagic and cortical predi‑
lection (40), PT localisation did not influence BM clinical 
presentation. Age negatively influenced survival in the present 
sample, which was consistent with previous studies (2,41); as 
a consequence, despite the lack of statistical significance, the 
younger age of the dPT patients is likely to have positively 
influenced their outcome. Of note, no prognostic advantage of 
BMs originating from breast cancer was observed over BMs 
with different PT origins (1,2,42). Since the most prevalent PT 
origin in the dPT group was the breast, the fact that this loca‑
tion did not influence survival reinforced the prognostic role of 
dormant BM. No differences were observed in the histological 
subtypes of primary cancer types (43,44), probably since the 
majority of the patients included in the present study had 
undergone surgery, minimizing the effect of BM from PT with 
a different radiosensitivity on survival.

Molecular biology analysis of the PT was more often 
available for dPT patients, and this was statistically correlated 
with survival in the univariate Cox model. Despite the lack 
of complete information on the medical treatment of these 
patients, the use of molecular‑targeted therapy, such as trastu‑
zumab for human epidermal growth factor receptor 2‑positive 
breast cancers  (26), dabrafenib plus trametinib for v‑raf 
murine sarcoma viral oncogene homolog B1V600‑mutant mela‑
noma (45), brigatinib for anaplastic lymphoma kinase‑positive 
non‑small‑cell lung cancer  (46) or gifetinib for epidermal 
growth factor receptor‑positive non‑small‑cell lung cancer 
metastases  (47), which has been shown to exert beneficial 
survival effects, might partially explain this finding. As 
expected (48,49), the best available treatment (the combination 
of neurosurgery and radiotherapy) in selected patients, was a 
strong predictive factor of favourable prognosis.

The present study had several limitations. Since only 
patients considered for neurosurgery or brain biopsy were 
included in the study, a major source of bias in the survival 
analysis could not be avoided. In fact, patients who undergo 
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surgery usually have a more favourable prognosis, since 
the selection process for this population included criteria 
that positively influence survival, such as the Karnofsky 
performance status (KPS), the number of metastases and 
the presence of a controlled systemic disease (50). Although 
overall survival might have been overestimated, this did not 
affect the statistical analysis, since all groups only included 
patients who had undergone surgery. As there is no clinical 
definition of dormant BM, the current study's definition of it 
as a delay of 30 months between PT and BM diagnosis was 
questionable. In particular, despite the fact that dormant DTCs 
are supposed to be chemo‑resistant (11,51), it could not be 
excluded that systemic chemotherapy could have influenced 
progression‑free‑survival by effectively limiting BM growth. 
Nevertheless, the same trend in survival resulted in the multi‑
variate survival analysis of the dPT group including only 
patients presenting with a minimum of 30 months of progres‑
sion‑free disease under no systemic treatment (cf. Table SII). 
The limited number of patients did not allow for comparisons 
among all available parameters in the multivariate models; 
this was the reason why no multivariate model was built 
to compare differences between BM  groups. In addition, 
previous studies showed that the absence of systemic disease, 
in the form of PT recurrence and/or metastatic localizations in 
organs other than the brain, were favourable prognostic factors 
for the BM population (41,52). Since these variables were not 
tested in the multivariate model, it could not be excluded that 
they played a role in helping the dPT group achieve a longer 
survival. Due to the retrospective nature of the present study, 
the KPS score was not available in all patients. Since the 
KPS is a major prognostic factor (2), it could have influenced 
survival analysis. Although sex was correlated with outcome 
in long‑surviving BM patients (53), we preferred to include PT 
origin (breast) in the multivariate Cox regression model, since 
these two factors were highly correlated.

In conclusion, the results of the present study showed 
that BM growing from previously dormant DTCs tends to be 
associated with a better outcome than other types of BMs, 
possibly due to the less aggressive phenotype of these BMs. 
This information could be included in prognostication models. 
Moreover, the development of therapies able to eradicate 
dormant DTCs could comprise a new promising strategy to 
prolong survival (13).
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