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Background: Brain metastases (BM) are a common and challenging issue, with their

incidence on the rise due to advancements in systemic therapies and increased

patient survival. Most patients present with single BM, some of them without any

further extracranial metastasis (i.e., solitary BM). The significance of postoperative

intracranial tumor volume in the treatment of singular and solitary BM is still debated.

Objective: This study aimed to determine the impact of resection and

postoperative tumor burden on overall survival (OS) in patients with single BM.

Methods: Patients with surgically treated single BM between 04/2007-01/2020

were retrospectively included. Residual tumor burden (RTB) was determined by

manual segmentation of early postoperative brain MRI (72 h). Survival analyses

were performed using Kaplan-Meier estimates for univariate analysis and Cox

regression proportional hazards model for multivariate analysis, using

preoperative Karnofsky performance status scale (KPSS), age, sex, RTB,

incomplete resection and singular/solitary BM as covariates.

Results: 340 patients were included, median age 64 years (54-71). 119 patients

(35%) had solitary BM, 221 (65%) singular BM. Complete resection (RTB=0) was

achieved in 73%, median preoperative tumor burden was 11.2 cm3 (5-25), and

RTB 0 cm3 (0-0.2). Median OS of patients with singular BM was 13 months (4-33)

vs 20 months (5-92) for solitary BM; p=0.062. Multivariate analysis revealed

singular BM as independent risk factor for poorer OS: HR 1.840 (1.202-2.817),

p=0.005. Complete vs. incomplete resection showed no significant OS

difference (13 vs. 13 months, p=0.737). When focusing on solitary BM,

complete resection led to a longer OS than incomplete resection (21 vs. 8

months), without statistical significance(p=0.250). Achieving RTB=0 resulted in

higher OS for patients with solitary BM compared to singular BM (21 vs. 12

months, p=0.027). Patients who received postoperative radiotherapy (RT) had
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significantly longer OS compared to those without it (14 vs. 4 months, p<0.001),

with favorable OS in those receiving stereotactic radiosurgery (SRS) (15 months

(3-42), p<0.001) or hypofractionated stereotactic radiotherapy (HSRT).

Conclusion: When complete intracranial tumor resection RTB=0 is achieved,

patients with solitary BM have a favorable outcome compared to singular BM.

Singular BM was confirmed as independent risk factor. There is a strong

presumption that complete resection leads to an improved oncological

prognosis. Patients with solitary BM tend to benefit with a favorable outcome

following complete resection. Hence, surgical resection should be considered as

a treatment option for patients presenting with either no or minimal extracranial

disease. Furthermore, the highly favorable impact of postoperative RT on OS was

demonstrated and confirmed, especially with SRS or HSRT.
KEYWORDS

single brain metastasis, neurooncology, postoperative tumor volume, brain metastasis,
postoperative MRI, extent of resection, overall survival
1 Introduction

Brain metastases (BM) represent the most frequent intracranial

tumors. They occur 3-10 times more often than newly diagnosed

primary malignant brain tumors and represent more than 30% of

intracranial tumors (1, 2). Most patients present with a single BM.

Due to tremendous improvements in systemic therapy, the

incidence of patients with BM is constantly increasing, as the

patients have prolongated overall survival and therefore BM have

more time to grow (3). Many therapy options do not penetrate the

central nervous system and therefore allow brain metastases to

develop. Furthermore, the extended use of neuroimaging results in

an increased detection and diagnosis of BM (1).

Historically, the prognosis for patients with metastatic cancer in

the brain has been poor with a median overall survival of 3-4

months (4, 5). In recent decades, studies have investigated

prognostic factors that significantly improve overall survival and

quality of life in these patients. In addition to age, Karnofsky

performance status scale (KPSS), and spread of systematic disease,

the number of BM has also been shown to be an important

prognostic factor (3–6). Patients with a single BM have longer

overall survival and higher quality of life (6, 7).

Single BM are divided in two subgroups: solitary and singular

metastases. Singular metastasis describes the presence of a single

metastasis in one organ with the simultaneous presence of other

metastases in the rest of the organism.

A solitary metastasis, on the other hand, is a single metastasis

with no other metastases in the same organ or in the rest of

the organism.

As patients with single BM represent the largest subgroup of

patients with intracranial metastases and since due to modern

systemic therapies, patients are now living longer, it is crucial to
02
analyze this cohort separately regarding prognostic factors in order to

find the optimal treatment approach for this subgroup. In contrast to

the surgical treatment of gliomas, where maximal cytoreduction has

been established as a decisive prognostic marker, the significance of

postoperative intracranial tumor volume in the treatment of single

BM is still debated (8, 9). Furthermore, even though the accuracy of

early postoperative MRI is significantly higher compared to

intraoperative estimates, it is still not established in the

neurooncological workflow (10–13). In this study, we

retrospectively examined a series of 340 patients with single BM

who underwent microsurgical tumor resection to determine

prognostic factors and the impact of postoperative tumor burden,

controlled with early postoperative MRI, on overall patient survival.
2 Materials and methods

2.1 Ethical declaration

Our study was approved by the local ethics committee

(no. 5626:12). It was conducted in accordance with the ethical

standards of the 1964 Declaration of Helsinki. The ethics committee

decided not to demand written informed consent.
2.2 Patient population

We conducted a retrospective chart of patients with single BM.

Patients with a histopathological diagnosis of a single BM, pre-

and postoperative MRI (within 72 hours after surgery), and tumor

resection beyond biopsy met the inclusion criteria. Major

demographic factors were assessed in relation to the targeted BM,
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including age at diagnosis, sex, smoking status, extracranial tumor

activity (singular/solitary metastasis), tumor localization, pre- and

postoperative KPSS, and pre- and postoperative tumor volume,

were evaluated. The structure of adjuvant radiotherapy/

chemotherapy as well as the date of death or the last contact were

also examined. The primary endpoint was the postoperative

neurological outcome. Overall survival (OS), progression-free

survival (PFS), and quality of life (QoL) were secondary

endpoints. For local in brain tumor control, the distant brain

failure (DBF) rate was analyzed.
2.3 Surgery

The interdisciplinary neuro-oncology panel’s conclusions

served as the basis for the decision for surgical treatment. The

indication was primarily based on the following factors: 1)

symptomatic lesion, 2) mass effect, 3) intratumoral bleeding, 4)

ambiguous diagnosis, and 5) large posterior fossa tumors with

subsequent danger of herniation/hydrocephalus. In all cases,

intraoperative frozen sections were collected.

The aim of surgery was maximal cytoreduction while sparing

eloquent regions of the brain. Surgeries were performed, using

intraoperative neuronavigation. Furthermore, neuromonitoring

and preoperative mapping were also applied, if necessary.
2.4 Residual tumor burden

Within 72 hours after surgery, all postoperative MRIs were

examined, and postoperative tumor volume was calculated. We

investigated at T1-weighted MRI sequences with and without

gadolinium contrast media. As postoperative remains, any

debatable reactive or contrast agent-active barrier abnormalities

were classified. Complete resection was defined as residual tumor

burden of 0 in the brain.

An experienced neuroradiologist (BW, 10 years of experience)

and neurosurgeon (KA, 6 years of experience) performed

volumetric measurements. Volumes of the contrast-enhancing

tumor part were manually segmented using the Origin®software

(Origin®, Brainlab, version 3.1, Brainlab AG, Munich, Germany).
2.5 Postoperative treatment structure
and KPSS

To classify and quantify the pre- and postoperative functional

status of the patient, the KPSS was used. The functional status was

rated on a numerical scale ranging from 0-100, representing the

patient’s ability to conduct normal activity, to undertake active

work, and need for assistance with 100 representing full activity and

0 representing death.

Adjuvant therapy was selected on an individual basis for each

patient after histological diagnosis by an interdisciplinary tumor

board. Adjuvant radiation recommendations were based on a

variety of factors, including the extent of resection (EOR), extent

of disease, and the KPSS.
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The institutional outpatient clinic’s electronic patient records

and paper-based documentation from the treating oncologists were

used to generate follow-up data.
2.6 Statistical analysis

Data that have a normal distribution are expressed as mean ±

standard deviation (SD), non-normally distributed data as median

and interquartile range (IQR).

Logistic regression analyses were performed to identify possible

risk factors for outcome changes. Survival analyses were performed

using Kaplan-Meier estimates for the univariate analysis. Multivariate

analysis was conducted using Cox regression proportional hazards

model with preoperative Karnofsky performance status scale (KPSS),

age, sex, preoperative tumor volume, RTB, incomplete resection and

singular/solitary BM as covariates. Additionally, when only patients

with a complete resection were considered, covariates for the model

were selected based on biological plausibility and significant

differences between the two groups in the univariate analysis

resulting in: sex, histology groups, post-op chemotherapy, post-op

radiotherapy and singular/solitary BM as potential confounders

considered in the Cox regression.

A two-tailed significance level of p<0.05 was defined

statistically significant.
3 Results

3.1 Patient population

Between April 2007 and January 2020, the department surgically

treated 362 patients with newly diagnosed single BM. A total of 340

patients met the inclusion criteria. Twenty-two patients were excluded

as they underwent a biopsy only or did not receive postoperative MRI.

Preoperatively, there were no significant differences between the two

groups (Table 1). Median age at surgery was 64 years (IQR 53-71 years)

and 53% of the patients were male. The cohort presented with a

median preoperative KPSS of 80% (IQR 70-90%) and a median

postoperative KPSS of 80% (IQR 70-90%). Median ECOG score ad

admission was 1 for both groups. One hundred nineteen patients (35%)

had a solitary BM, 221 patients (65%) had a singular BM (Table 1).

Complete resection was achieved in 247/340 (73%) patients,

median preoperative tumor burden was 11.2 cm3 (IQR 5-25 cm3),

and median RTB was 0 cm3 (IQR 0- 0.2 cm3), with no differences

between the groups. Primary tumor was most commonly lung cancer

(26.2%), followed by breast (16.5%) and melanoma (14.1%). (Table 2)
3.2 Systemic disease response and local in
brain tumor control

Regarding the systemic disease response, all patients with solitary

brain metastases had a stable systemic disease, despite the BM. For

the patients with singular BM 68/220 (31%) presented with a stable

systemic disease and 152/220 (69%) had a progressive disease. For
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local in brain tumor control, the DBF was analyzed. After 6 months,

124 patients received an MRI for in brain tumor control. When

analyzing both groups there was a distant progress reported for 46

patients after 6 months. Therefore, DBF was recorded in 5/30 (17%)
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(solitary) and 41/94 (44%) (singular metastases) with a significant

difference between the groups (p= 0.008).
3.3 Survival analysis and the impact of RTB

Median OS of patients with singular BM was 13 months (4-33

months) and of patients with solitary BM 20 months (5-92 months;

p=0.062) (Figure 1).

In patients who underwent complete resection, there was no

significant difference in OS compared to those with incomplete

resection (13 months vs. 13 months, p=0.737). When analyzing

only patients with solitary BM, those who underwent complete

resection exhibited a median OS of 21 months, while patients with

incomplete resection had a median OS of 8 months. However, these

findings did not reach statistical significance (p=0.250). Furthermore,

the impact of RTB on OS was not statistically significant in either the

singular BM group (p=0.233) or the solitary BM group (p=0.870).A

multivariate Cox regression analysis considering preoperative KPSS,

sex (female), age, incomplete resection, preoperative tumor volume,

RTB, and singular metastasis identified singular brain metastasis to be

a significant risk factor for shorter OS (HR 1.386 (1.024-1.875),

p=0.034) (Figure 2).

In a subgroup analysis in patients with a complete resection

(N=247), median OS of patients with solitary BM was significantly

higher than OS of patients with singular BM; solitary 21 (6-92

months), vs. singular 12 (4-31) months), as shown by Kaplan-Meier

estimates (p=0.027) (Figure 3).
TABLE 1 Baseline characteristics of patients, tumor data and postoperative therapy.

Demographics N (%) or median (range/IQR) All patients (n = 340)
Solitary Metastasis
N = 119

Singular Metastasis
N = 221

p

Sex
F 159/340 (47)
M 181/340 (53)

F 61/119 (58)
M 58/119 (49)

F 98/221 (44)
M 123/221 (56)

0.223

Age 64 (IQR 54-71) 65 (IQR 56-73) 64 (IQR 53-71) 0.087

Karnofsky Performance Status Scale (KPSS)

Preoperative KPSS 80% (IQR70-90) 80% (IQR70-90) 80% (IQR70-90) 0.251

Postoperative KPSS 80% (IQR70-90) 70% (IQR70-90) 80% (IQR70-90) 0.832

Postoperative radiotherapy N (%) 0.527

none 84/317 (24) 27/109 (25) 57/208 (27)

WBRT 75/317(24) 30/109 (28) 45/208 (22)

SRS 7/317 (2) 1/109 (1) 6/208 (3)

HSRS 151/317 (48) 51/109 (47) 100/208 (48)

Post-op chemo 150/340 (44) 43/119 (36) 107/221 (48) 0.032

Post-op Immunotherapy 39/289 (13) 5/95 (5) 34/194 (8) 0.004

Tumor burden (cm3) median (IQR)

Preoperative 11.2 cm3 (5-25 cm3) 11.7 cm3 (5.2-26.8 cm3) 10.6 cm3 (4.8-24.3 cm3) 0.461

Postoperative 0 cm3 (0- 0.2 cm3) 0 cm3 (0- 0.03 cm3) 0 cm3 (0- 0.3 cm3) 0.541

Complete resection 247/340 (73) 89/119 (75) 158/221 (72) 0.515
frontier
Bold values mean a two-tailed significance level of p<0.05 was defined statistically significant.
TABLE 2 Tumor data of all patients.

Primary tumor N (%)

NSCLC 83 (24.4.)

SCLC 6 (1.8)

Breast 56 (16.5)

Melanoma 48 (14.1)

Colon/Rectum 25 (7.2)

Carcinoma of unknown primary 23 (6.7)

Renal cell carcinoma 21 (6.2)

Stomach/Esophagus 11 (3.3)

Gynecologic 11 (3.3)

Prostate 10 (2.9)

Seminoma 5 (1.5)

Thyroid 3 (0.9)

Hepatocellular carcinoma 3 (0.9)

Other 35 (10.3)
sin.org
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Additionally, when only patients with a complete resection were

considered, Cox regression multivariate analysis showed singular BM

to be a significant risk factor for shorter OS (HR 1.840 (1.202-2.817),

p=0.005). Sex, histology groups, post-op chemotherapy, post-op

radiotherapy and singular/solitary BM were included as potential

confounders (Figure 4).
3.4 Impact of postoperative radiotherapy

For 317 cases, detailed radiotherapy data were available. The

remaining 23 patients received adjuvant therapy in external clinics,

but detailed data were not available retrospectively.

233/317 (75%) patients underwent postoperative radiotherapy

(RT). Whole brain radiotherapy (WBRT) was conducted in 75/317

(25%) patients. Stereotactic radiosurgery (SRS) was performed in 7/

317 (2%) and hypofractionated Stereotactic Radiotherapy (HSRT)

was conducted in 151/317 (48%) patients. Patients receiving

postoperative RT had a significantly longer OS compared to
Frontiers in Oncology 05
patients without postoperative RT (14 months (IQR 7-42) vs. 4

months (IQR 1-17), p<0.001) with significant differences between

the groups (p<0.001) and favorable survival rates especially in

patients receiving SRS (OS median 15 months (3-42 months) and

HSRT (15months (IQR 6-30)) compared to no RT (OS 4 months

(IQR1-9) and WBRT (5 months (IQR1-16).
4 Discussion

The present study shows that patients with solitary BM have a

significantly higher OS compared to patients with singular BM.

Furthermore, adjuvant RT, especially SRS, was associated with

significantly longer OS in all patients. We analyzed a very

homogeneous cohort of patients regarding age, sex, tumor

burden, KPSS and adjuvant treatment structure as shown in the

baseline characteristics of the two groups (Table 1). This allows a

valid comparison of the two study groups.
FIGURE 1

Median overall survival of patients with singular or solitary
brain metastases.
FIGURE 2

Cox proportional hazards model for singular BM (vs. solitary) as risk
factor for shorter OS (HR 1.386 (1.024-1.875), p=0.034).
FIGURE 3

Median overall survival of patients with singular or solitary brain
metastases who had a complete resection of the brain metastasis.
FIGURE 4

Cox proportional hazards model for singular versus solitary
metastasis in patients with a complete resection.
frontiersin.org
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4.1 Survival analysis and impact of RTB

In our study there was no significant difference between patients

with complete vs. incomplete resection regarding OS. Furthermore,

smaller postoperative tumor burden had no significant influence on

prolonged OS. This finding is in accordance with previous studies

discussing the influence of gross total resection in patients with

brain metastases (14). Rades et al. compared neurosurgical resection

followed by WBRT vs. WBRT + SRS. The study proved WBRT +

SRS to have a significantly better local control. There was no

significant difference in OS (15). Another investigation compared

SRS vs. surgical resection + WBRT. SRS alone was as effective as

resection followed by WBRT for patients with a single BM (16). A

systematic review by Qin et al. proved SRS and neurosurgical

resection to be equally beneficial regarding OS for patients with

single BM and lung cancers as primary tumor (17).

Therefore, the interdisciplinary decision whether to treat a

single BM with radiotherapy/radiosurgery or surgical resection

should be well-considered.

In our study, we found a clear trend that patients with solitary

BM who underwent complete resection had a favorable prognosis

compared to incomplete resection (OS: 21 vs. 8 months).

Although statistical significance was not achieved, there is a

strong presumption that complete resection leads to an improved

oncological outcome.

Conversely, among patients with singular BM, the progression

of systemic metastases emerges as a pivotal prognostic factor, as that

complete resection of the singular BM was not associated with a

favorable OS. The progression of the systemic disease is an

important factor, impacting the physical status of the patient and

the prognosis.

According to Mintz et al. surgical resection should be

considered for patients with good performance status, minimal or

no evidence of extracranial disease, and a surgically accessible single

BM amenable to complete excision with RTB=0 (18).

Patchell et al. emphasized that patients with surgically accessible

lesions, either solitary BM or controlled systemic disease, and a life

expectancy of ≥ 2 months may benefit from surgical resection.

Patients with lower life expectancies or progressive diseases should

rather be treated with palliation or radiotherapy (19).
4.2 Prognostic factors

Our study proved singular brain metastasis (i.e., the presence of

extracranial metastases) to be a significant risk factor for shorter OS

in patients with only one BM. This result is demonstrated in the

analysis of all patients as well as in the subgroup analysis of patients

with RTB=0 and consequently complete cytoreduction. The extent

of the non-CNS disease and the progression of the systemic disease

is an important factor impacting the physical status of the patient

and the prognosis.

This finding is in accordance with previous studies (2, 20). The

presence of further systemic metastases is indicative of advanced

disease stage and therefore results in shorter OS in these patients.
Frontiers in Oncology 06
4.3 Adjuvant therapy

Our study highlights that adjuvant radiotherapy is associated

with significantly longer OS compared to no postoperative RT. This

finding is in accordance with the recent literature (6).

This finding is of critical importance in order to select the

optimal treatment approach for this cohort of patients. Since

reduced postoperative tumor burden did not have a significant

impact on prolonged OS, postoperative RT becomes even more

imperative in patients with single BM.

Considering different types of radiotherapy, the present

investigation shows significantly favorable survival rates especially

in patients receiving SRS and HSRT compared to no RT or WBRT.

Vlachos et al. compared SRS vs. WBRT after resection of solitary

brain metastasis. They proved SRS to be as effective as WBRT in

terms of OS. Furthermore, SRS was associated with superior quality

of life (21). Kerschbaumer et al. also compared sector irradiation

(SR) vs. WBRT after resection of singular BM in a prospective trial.

Patients who underwent SR had longer OS and better

neurocognitive function compared to WBRT. In terms of local

control, more distant relapses occurred in the SR group (22).

The non-inferiority of SRS compared to WBRT could be

demonstrated and confirmed in our present study. This is of

utmost importance as SRS is able to improve the cognition and

quality of life of patients in the long term with the same

survival rates.
4.4 Study limitations

A major limitation of the present investigation is its

retrospective character, as it restricted the data analysis to the

presented parameters and introduces an unavoidable selection

bias. A prospective study would be highly advantageous for

further data, especially new histopathological findings, and new

therapeutic options, that have dynamically expanded in the last

years, to compare even more aspects. Therefore, this study cannot

reflect the most recent therapy innovations. Nevertheless, the

analyzed data, particularly the key results are based on reports

that have been digitally documented, making them as reliable as in a

prospective setup.
5 Conclusions

When complete intracranial tumor resection (RTB=0) is

achieved, patients with solitary BM have a favorable outcome

compared to patients with singular BM. In a multivariate Cox

regression analysis, singular BM (compared to solitary BM) was

confirmed as an independent risk factor. RTB did not have a

significant impact on OS.

The highly advantageous impact of postoperative RT on OS was

demonstrated and confirmed, especially in patients, receiving SRS

or HSRT. Consequently, the decision whether to treat a patient with

a single BM with microsurgical resection or radiotherapy alone
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should be weighed thoroughly. There is a strong presumption that

complete resection leads to an improved oncological prognosis.

Patients with solitary BM tend to benefit with a favorable outcome

following complete resection. Hence, surgical resection should be

considered as a treatment option for patients presenting with either

no or minimal extracranial disease.
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