
Abstract. Background/Aim: This study was designed to
evaluate the prognostic impact of the previously validated
LabBM score (serum lactate dehydrogenase, C-reactive
protein, albumin, hemoglobin, platelets) in a new setting,
namely patients with a limited number of brain metastases,
arbitrarily defined as max. 4 brain lesions, from common
tumor types such as lung and breast cancer. A total of 5
metastatic lesions overall were allowed to comply with
current definitions of oligometastatic cancer. Patients and
Methods: For this retrospective single-institution analysis,
101 patients were identified from a previously described,
prospectively maintained database. Results: Twenty-one
patients (21%) had extracranial metastases. Non-small cell
and small cell lung cancer were the prevailing tumor types
(78%). Forty-nine patients (49%) had normal blood test
results (LabBM score 0 points). Their median survival (23
months) was significantly longer than that of patients with
higher LabBM score. In multivariate analysis, LabBM
score, performance status and single brain metastasis were
associated with significantly better survival. Limited
extracranial metastases did not impair prognosis. Patients
with LabBM score 0 had a 5-year survival rate of 27% after
surgery (n=24) and 39% after stereotactic radiotherapy
(n=13), respectively (p=0.3). Conclusion: Blood biomarkers
can be regarded as surrogate of the metastatic burden in the
body, which is not always detectable by imaging methods.
In contrast to circulating tumor cells and other emerging

markers, the LabBM score is inexpensive. Patients with
LabBM score >0 had a 2.8-fold increased risk of death. The
score might be helpful in predicting survival improvement
provided by ablative local treatment of oligometastases.

The initially controversial concept of an oligometastatic
disease state, an in-between scenario of distant spread that is
amenable to long-term survival or cure, in contrast to widely
disseminated metastases, has gained increasing acceptance
and led to more nuanced treatment approaches (1-5). If these
lesions involve the brain, surgical resection and/or
stereotactic radiotherapy (SRT) might result in effective local
control (6-8). In case of true oligometastases (imaging
studies did not miss small tumor deposits), long-term
survival can be obtained. However, the limit of detection of
metastases under different imaging methods still causes
trouble, in terms of undetected widespread disease and short
progression-free survival after local treatment to those
lesions that were visible (9, 10). Emerging approaches such
as detection of circulating tumor cells may contribute to
higher accuracy, but are not widely available yet, especially
in resource-limited settings (11-13). Our group has
previously suggested that simple, inexpensive biomarkers
based on routine blood tests, e.g. serum lactate
dehydrogenase (LDH), may play a role in distinguishing true
oligometastatic disease, thus complementing radiological
assessment (14). A more comprehensive test panel, the
already validated LabBM score (15, 16), may further
improve the staging process. Besides LDH, C-reactive
protein (CRP), albumin, hemoglobin and platelets are
included. Completely normal tests result in a LabBM score
of 0. Likely, the score reflects the total tumor burden and
associated processes such as inflammation and cachexia (15).
Based on previous results with LDH only (14), the
hypothesis of the present study was that the LabBM score
may improve existing prognostic models, which typically
include Karnofsky performance status (KPS) and number of
brain metastases (17, 18). 
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Patients and Methods

Design. A retrospective study of all patients with maximum 5
(then restricted to 4, see Results) brain metastases managed at
Nordland hospital was performed. These patients had a
histological diagnosis obtained from their extracranial primary
tumors and metastases in the brain parenchyma (no
leptomeningeal disease). The treatment strategy was individualized
and the multidisciplinary oncology team selected surgery, SRT,
whole-brain radiotherapy (WBRT), appropriate systemic treatment
and, if necessary, salvage of new or progressive brain metastases.
Systemic treatment was also judged on a case-by-case basis by the
hospitals’ clinical oncologists. Radical treatment of extracranial
metastases was individualized too. The patients were treated
between January 01, 2007 and December 31, 2020. Brain magnetic
resonance imaging (MRI) was performed to diagnose intracranial
metastases and to exclude leptomeningeal dissemination.
Extracranial staging relied on computed tomography (CT) without
routine positron emission tomography (PET). Patients with
extracranial metastases to one organ system, e.g., the lungs, were
included, provided the total number of metastatic lesions in the
brain and extracranially did not exceed five. Metastases to more
than one organ such as liver and bones were not allowed. LDH,
CRP, albumin, hemoglobin and platelets were assessed at the start
of brain treatment or close to this date (in the week before). The

LabBM score (15) was calculated as defined by Berghoff et al. (1
point: LDH or CRP above institutional upper limit of normal, 0.5
points: albumin, hemoglobin or platelets below institutional lower
limit of normal; point sum 0-3.5). 

Statistical analysis. The methods have already been described in our
previous study (14). Overall survival (time to death) from the first
day of radiotherapy or surgery was calculated employing the
Kaplan-Meier method, and different groups were compared using
the log-rank test (SPSS 27, IBM Corp., Armonk, NY, USA).
Twenty-two patients were censored after a median follow-up of 20
months. A multivariate analysis (Cox forward conditional regression
model) was also performed. We defined statistical significance as
p<0.05 for all analyses. 

Results

Initial analysis regarding exclusion criteria. We identified
105 patients from the Institution’s prospectively maintained
database. Due to uncertainty in the best definition of
oligometastases (often 5, sometimes 3 or 4 lesions) we
looked at the survival stratified by number of brain
metastases. The very small group of patients with 5 brain
metastases (n=4) had very distinct survival (median only 3.1
months) and was, therefore, excluded. The presence of
limited extracranial metastases did not impact on survival.
Twenty-one patients had such metastases (lung, skin, adrenal
gland, lymph node; radically treated or not) and their median
survival was 10.9 months, compared to 12 months in patients
with brain-only disease, p=0.82. 

Final analysis of 101 patients with 1-4 brain metastases. The
median age was 65 years, minimum 42 and maximum 90
years. The median KPS was 80, range 50-100. Sixty-seven
patients (66%) had non-small cell lung cancer (NSCLC).
Further patient characteristics are shown in Table I. Patients
with single brain metastasis survived longer than those with
2-4 lesions (median 13.3 versus 10.5 months, p=0.006). The
continuous variables age and KPS were also associated with
survival (p=0.009 and p<0.001, respectively, in univariate

in vivo 36: 801-805 (2022)

802

Table I. Patient characteristics.

Baseline parameter                                                     Number Percent

Non-small cell lung cancer                                             67 66
Small cell lung cancer                                                     12 12
Breast cancer                                                                      6 6
Melanoma                                                                           8 8
Colorectal cancer                                                               5 5
Other primary cancers                                                       3 3
Extracranial metastases                                                   21 21
No extracranial metastases                                              80 79
Female gender                                                                  50 50
Male gender                                                                     51 50
One brain metastasis                                                        58 57
Two brain metastases                                                       25 25
Three brain metastases                                                    11 11
Four brain metastases                                                        7 7
Time interval from cancer 
to brain metastases diagnosis
   - Synchronous                                                               44 44
   - 1-24 months                                                               46 46
   - 25-35 months                                                               5 5
   - At least 36 months                                                       6 6
Symptomatic brain metastases                                        80 79
Staging (imaging) detected asymptomatic                    21 21
brain metastases

Primary tumor controlled                                                55 54
Primary tumor not controlled or not treated yet            46 46
Stereotactic brain radiotherapy                                       27 27
Whole-brain radiotherapy                                               35 35
Surgical resection                                                            37 37
Primary systemic therapy                                                 2 2

Table II. Distribution of the LabBM (laboratory values in brain
metastases) point sum and related survival outcomes.

Point sum        Number            Percent Median survival in months

0                           49                     49 23.0
0.5                        12                     12 13.0
1                           16                     16 10.5
1.5                        13                     13 3.2
2                             6                       6 7.0 (2-3 points combined)
2.5                          4                       4
3                             1                       1



Cox regression analysis). The other baseline parameters
shown in Table I were not significantly associated with
actuarial overall survival. Trends towards better survival
were observed for time interval >35 months and controlled
primary tumor (p=0.1). 

The proportion of patients with LabBM score 0 was
similar for those with 1, 2 and 3 brain metastases (45-52%)
and numerically lower (29%) if 4 brain metastases were
present (p=0.2). A LabBM score of 0 was observed in 46%
of patients with brain-only disease and 57% of those with
additional limited extracranial metastases (p=0.05, chi-square
test). The score predicted survival outcomes in univariate
analysis, Table II and Figure 1. A clearly distinct survival
curve was seen in patients with LabBM score 0. The
multivariate Cox regression model included KPS (continuous
variable, p<0.001), age (continuous variable, not significant),
single brain metastasis (dichotomized single versus 2-4,
p=0.006, hazard ratio 0.53) and LabBM score (dichotomized
0 versus 0.5-3, p<0.001, hazard ratio 2.8). This analysis
confirmed that the score provides important prognostic
information. Patients with LabBM score 0 had a 5-year
survival rate of 27% after surgery (n=24) and 39% after SRT
(n=13), respectively (p=0.3).

Discussion

We conducted this study as an expansion of our previous
work, which suggested that serum LDH may be a promising
biomarker in patients with oligometastases (14), by
integrating a larger panel of blood tests (the LabBM score)
and enlarging the study population, thereby increasing the
statistical power. The underlying hypothesis was that well-
known limitations of imaging-based definition of
oligometastases (visible lesions may represent only the tip of
the iceberg) can be overcome by assessing other parameters
that are surrogates of the true or total burden of disease in
the body. As previously discussed by the group which
developed the LabBM score (15), patients with widespread
metastatic disease are more likely to have a higher score due
to inflammation and/or cachexia. Therefore, the survival of
patients with true oligometastases (correct radiological
staging, no micrometastases, normal blood test results) is
expected to be increased compared to those with deceptive
oligometastases (additional disease is present and depicted
by the additional biomarkers).

Our retrospective study included consecutive patients with
brain oligometastases (less than five) and a maximum burden
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Figure 1. Actuarial overall survival stratified by LabBM score, log-rank test, p=0.001. 



of five metastases in total. Some patients had lesions in one
extracranial organ system, e.g., bilateral adrenal gland
metastases or well localized skin metastases. The majority
(79%) had brain-only metastases. We found that the number
of brain metastases, KPS and LabBM score predicted overall
survival. A clear distinction was seen between the Kaplan-
Meier curves of patients with LabBM score 0 (all 5 blood
tests were normal) and ≥0.5. The actuarial 5-year survival
rate of 26% (Figure 1) emphasizes that patients with LabBM
score 0 are appropriate candidates for aggressive or ablative
treatments of all sites of disease. Survival beyond 2 years
was also observed in patients with LabBM score ≥0.5.
Tailored multidisciplinary treatment approaches should,
therefore, be assessed in these patients too. Comparable to a
previous analysis (19), we found that brain oligometastases
treated at least 3 years after cancer detection were associated
with better survival (median 23.5 months, unfortunately only
6 patients belonged to this subset, precluding definitive
conclusions).

The present study is limited by the statistical power of
subgroup analyses with often <20 patients and its
retrospective, monocentric design. The diagnosis of an
oligometastatic disease extent was not strictly based on PET
staging in all patients. Even if employing PET staging, false-
negative and otherwise inaccurate findings cannot be ruled
out (9, 10). Inexpensive biomarkers that can be obtained in
clinical routine may complement imaging-based staging,
allowing for better tailored treatment, e.g. by excluding
patients with pseudo-oligometastatic malignancies. Hopefully,
the rates of overtreatment can be reduced with improved
staging accuracy. Emerging biomarkers accessible by liquid
biopsy such as circulating tumor cells represent promising
tools for optimized decision making and patient selection (11-
13, 20), but are not widely available yet and may generate
higher cost than the LabBM score, which can easily be
adopted in clinical routine. Automated calculation of the score
in electronic patient records appears feasible. In principle,
studies have shown that cell-free DNA (cfDNA) in patients
with oligometastatic cancer who underwent ablative
irradiation for metastatic lesions may provide added value
regarding progression-free survival (13). In this example,
cfDNA was purified from the plasma of pretreated patients
and gene mutations were analyzed by next-generation
sequencing. 

As repeatedly demonstrated by several authors, radical or
ablative local treatment of oligometastatic lesions appears to
extend overall survival (21-24). In line with these results, the
present study identified long-term survivors in several
subgroups despite the absence of mandatory, upfront
aggressive local treatment. Some patients managed with
initial WBRT were later salvaged with SRT. Our data suggest
that the LabBM score may add value when preparing
protocols for additional clinical trials. 

Conclusion

Oligometastatic cancer is not always correctly diagnosed, because
all available radiological examinations share limitations in terms of
certain thresholds for detection of very small metastases. Blood
biomarkers reflecting the extent of metastatic cancer appear
promising. Patients with LabBM score >0 had a 2.8-fold increased
risk of death. The score should be assessed in additional databases
from larger Institutions. 
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