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INTRODUCTION

Sait Naderi?

ABSTRACT

Objective: The development of targeted therapies for primary tumors and early diagnosis
enabled by advanced imaging methods have extended survival in cancer patients. This study
aims to evaluate the effectiveness of the Modified Bauer and Van der Linden classifications in
determining survival in the Turkish population.

Methods: Retrospective analysis was conducted on 83 patients who presented with spinal
metastases at neurosurgery clinic from 2012 to 2020. Demographic characteristics, malig-
nancy origin, metastasis region, and scores Modified Bauer, Vander Linden systems were
detailed. Survival was calculated from the date of diagnosis and analyzed using statistical
software.

Results: The average age of the 83 patients was 59.6 years; 67 (80.72%) were male, and
16 (19.27%) were female. Primary tumor types included lung cancer (43.37%), urogenital
tumors (32.53%), gastrointestinal tumors (14.45%), breast tumors (7.22%), and nasopharyn-
geal tumors (2.4%). Thoracic involvement was present in 46.98%, lumbar in 39.75%, cervical
in 8.43%, and sacral in 4.81%. In 45.78% of the patients, the diagnosis of a spinal mass led to
further investigation to identify the primary tumor. The Modified Bauer score predicted sur-
vival accurately in 48.19% of patients, and the Van der Linden score in 46.99%. No significant
difference was found between the tumor growth rate and the survival prediction accuracy
of the classifications.

Conclusion: While prognostic scoring systems provide useful guidance in managing spinal
metastases, their predictive accuracy varies. These systems often underestimate survival
predictions. Further improvements, including the development of new Al-assisted classifica-
tions, could enhance the accuracy of survival predictions and improve treatment strategies.

bilization techniques. The primary goal of treatment in
metastatic patients is to improve quality of life. Despite

The development of targeted therapies for primary tu-
mors and the early diagnosis enabled by advanced imaging
methods have extended survival in cancer patients. Au-
topsy studies reveal that the rate of vertebral metasta-
sis ranges from 36% to 70%.["" The extension of survival
has led to an increase in surgical interventions for spinal
metastases.

Nowadays, various classifications are used to determine
survival in spinal metastases. Some of these classifications
include the Revised Tokuhashi, Tomita, Modified Bauer,
and Van der Linden classifications. These classifications
have been revised over time to become more functional.

Most vertebral metastases do not require surgery. Treat-
ment options for patients with vertebral metastases
range from simple analgesic therapy to percutaneous sta-

the wide range of treatment options, metastasis remains a
chronic, progressive condition.*

This study aims to demonstrate how effective the Modi-
fied Bauer and Van der Linden classifications are in deter-
mining survival in the Turkish population.

MATERIALS AND METHODS

Between 2012 and 2020, 83 patients who presented with
spinal metastasis to the neurosurgery clinic were retro-
spectively reviewed, following the approval of the ethics
committee (No: B.10.1.TKH.4.34.H.GP0.01/53, Date:
11/02/2021). The study is in compliance with the Declara-
tion of Helsinki.
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The patients were thoroughly examined for demographic
characteristics, origin of malignancy, metastasis location,
Modified Bauer and Van der Linden scores, and pre- and
postoperative neurological motor examinations. Survival
was calculated from the time of diagnosis. The results
were analyzed using statistical software.

Statistical Analysis

Statistical analyses were conducted using SPSS version
25.0. The normality of the distribution of variables was
examined using histogram graphs and the Kolmogorov-
Smirnov test. Descriptive analyses included the use of
mean, standard deviation, median, and min-max values.
Categorical variables were compared using the Chi-Square
Test. For parametric variables with normal distribution,
ANOVA Test was used for comparison among more than
two groups, and the Tukey post hoc method was em-
ployed to identify the source of significance. A p-value of
less than 0.05 was considered statistically significant.

RESULTS

The average age of the 83 patients included in our study
was 59.6 years. Of these patients, 67 (80.72%) were male,
and 16 (19.27%) were female.

When examining the primary tumor types, 36 (43.37%)
patients had lung cancer, 27 (32.53%) had tumors originat-
ing from the urogenital region, 12 (14.45%) had gastroin-
testinal tumors, 6 (7.22%) had breast tumors, and 2 (2.4%)
had nasopharyngeal tumors.

Regarding the affected spinal levels, 39 (46.98%) patients
had thoracic involvement, 33 (39.75%) had lumbar involve-
ment, 7 (8.43%) had cervical involvement, and 4 (4.81%)
had sacral involvement.

In 38 (45.78%) of the patients, the diagnosis of a spinal
mass led to further investigation to identify the primary
tumor.

For diagnosis, MRI imaging was used in 48 patients, CT
scans in 30 patients, and PET-CT in 5 patients. The low
rate of PET-CT use is due to most patients being diag-

Table 2.

Table I.  Accuracy rates of the Bauer and Van der Linden
classifications in predicting survival
n %
Bauer 40 (48.19)
Van der Linden 39 (46.99)

nosed with a spinal mass after presenting to the neuro-
surgery outpatient clinic.

When analyzing the presenting symptoms, 42 (50.6%)
patients had motor strength loss, 36 (43.37%) had local
tenderness, and 5 (6.02%) had sciatica due to nerve com-
pression.

Decompression alone was performed in 27 patients, both
decompression and instrumentation were performed in
25 patients, biopsy and vertebral augmentation were per-
formed in the same session in 27 patients, corpectomy
and anterior stabilization surgery were performed via an
anterior approach in 4 cervical patients.

The effectiveness of the Bauer and Van der Linden scores
in predicting survival was assessed. The Bauer score was
found to be successful in 40 (48.19%) patients, and the Van
der Linden score was successful in 39 (46.99%) patients
(Table 1).

Primary tumors were classified into three groups based
on the Tomita classification: slow, intermediate, and rapid
growth. Thyroid and breast cancers were categorized as
slow-growing, kidney and urogenital cancers as intermedi-
ate, and lung and gastrointestinal tumors as fast-growing.
The relationship between these tumor groups and survival
predictions by the classifications was examined using the
Chi-Square test. No significant difference was found be-
tween the growth rate of the primary tumor and the sur-
vival prediction accuracy of the classifications (Table 2).

The relationship between these tumor groups and the sur-
vival predictions by the classifications was examined us-
ing the Chi-Square test. No significant results were found
in survival predictions based on the tumor growth rate
among the classifications.

Primary tumors were classified into three groups based on their growth rate: Slow, intermediate, and fast-growing

Tumor Growth Rate

| 2 3 p
n % n % n %
Bauer
Prediction Negative | (16.67) 18 (62.07) 24 (50.00) 0.119
Prediction
Pozitive 5 (83.33) I (37.93) 24 (50.00)
Vander
Prediction Negative 4 (66.67) 15 (51.72) 25 (52.08) 0.785
Prediction Pozitive 2 (33.33) 14 (48.28) 23 (47.92)
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Table 3. The relationship between survival time and the Bauer and Van der Linden classifications using the ANOVA test
Postoperative Survival
Ortts.s. Medyan (Min-Max) p
Bauer
0-1 score 206.59+187.47 183 (8-824) 0.011
2 score 361.054+248.28 343 (28-653)
3-4 score 275.88+327.01 131(0-1158)
Van der Linden
0-3 score 215.01+217.01 139 (0-965) 0.009
4-5 score 383.96+267.78 348 (28-1158)
6 score 470+475.18 470 (134-806)

According to the Bauer classification, the survival for pa-
tients with a score of 0-1 was found to be 206.59 days; for
those with a score of 2, survival was 361.054 days; and for
those with a score of 3-4, survival was 275.88 days.

Based on the Van der Linden classification, patients were
divided into three groups according to their scores, con-
sistent with the literature. Group A (0-3 points) had a
survival of 215 days, Group B (4-5 points) had a survival
of 383 days, and Group C (6 points) had a survival of 470
days (Table 3).

DISCUSSION

Survival times in metastatic patients vary from months
to years. Advances in oncological treatments over the
past decade, along with the early diagnosis of oncology
patients, have extended survival times and necessitated
revisions in scoring systems.

The Tokuhashi classification, widely used for vertebral
metastases today, was first published in 1990 and revised
in 2005 to address identified deficiencies. The revision
added new tumors to the primary tumor section and made
changes to the scoring system to increase the reliability of
prognosis prediction.?¥ The Tokuhashi classification has
been shown to be 51%-88% successful in predicting prog-
nosis.>7!

In 2001, Tomita et al.’® built upon the work of Tokuhashi
and colleagues and developed the Tomita score. The
Tomita classification particularly emphasizes the pathology
of the primary tumor.”” By specifically highlighting primary
tumor pathology, the classification maintains its predictive
value even when examining subtypes of primary tumors.['”]
A study by Morgen et al.l'!l found the Tomita classification
to be 52.9% successful in predicting prognosis.

Studies comparing the effectiveness of the Revised
Tokuhashi and Tomita classifications in predicting progno-
sis have found the Revised Tokuhashi classification to be
more accurate.l'"'? For spinal metastasis patients who do
not require surgery but need radiotherapy, the Van der
Linden scoring system was developed by Van der Linden et
al.l"¥! to select candidates for radiotherapy. In their study,

patients were divided into three groups based on their
scores. Group A had a survival of 3 months, Group B 9
months, and Group C an average survival of 18.7 months.
According to Van der Linden, the accuracy rate in predict-
ing prognosis was calculated to be 46.99%. In our study,
Group A had a survival of 215 days, Group B 383 days, and
Group C 470 days. The higher survival rates compared to
the literature are attributed to advancements in oncolog-
ical treatments.

A study by Leithner et al.l'l found the modified Bauer clas-
sification to have the best correlation with survival among
seven classifications for spinal metastasis patients. In our
study, the accuracy rate of the modified Bauer classifica-
tion in predicting prognosis was 48.19%. When divided
into three groups based on their scores in the modified
Bauer classification, the average survival was 4.8 months
for a score of 0-1, 18.2 months for a score of 2, and 28.4
months for a score of 3-4.1'"]

In our study, the survival times for the Bauer classification
were 206.59 days for a score of 0-1, 361.054 days for a
score of 2, and 275.88 days for a score of 3-4. While the
first and second groups had longer survival times com-
pared to the literature, the third group had lower survival
times. The lower survival rate in the third group is due to
the small number of patients.

The use of prognostic scores often underestimates survival
prediction, which can lead to some patients not receiving
treatment.l'*!”] The goal of surgical treatment should be
to preserve existing neurological functions and improve
the patient’s quality of life. Preoperative assessments of
tumor-related instability, Karnofsky score, and multidisci-
plinary oncological evaluation will be beneficial.l'®

Conclusion

Patients with metastatic tumors should be evaluated in a
multisystemic manner. With advancements in oncological
treatments, survival has increased. Classification scores of-
ten underestimate survival predictions. New classifications
supported by artificial intelligence could be developed for
more accurate survival determination.
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~
Spinal Metastazda Survive Tahmininde: Modifiye Bauer ve Van der Siniflandirmasinin
Karsilastirmal Analizi

Amag: Birincil timérler igin hedeflenmis tedavilerin gelistirilmesi ve ileri gérintiileme yontemleriyle erken tani konulmasi, kanser hastala-
rinin yagam siirelerini uzatmistir. Bu galisma, Modifiye Bauer ve Van der Linden siniflamalarinin Tiirk popiilasyonunda hayatta kalmayi belirle-
medeki etkinligini degerlendirmeyi amaglamaktadir.

Gereg ve Yontem: 2012-2020 yillari arasinda beyin cerrahisi klinigine omurga metastaz ile bagvuran 83 hasta lizerinde retrospektif bir ana-
liz yapildi. Demografik 6zellikler, malignite kaynagi, metastaz bolgesi ve Modifiye Bauer; Van der Linden sistemlerinin skorlari detaylandirildi.
Hayatta kalma siiresi tani tarihinden itibaren hesaplandi ve istatistiksel yazilimlar kullanilarak analiz edildi.

Bulgular: Seksen ii¢ hastanin ortalama yasi 59.6 yil olup, 67’si (%80.72) erkek, 16’si (%19.27) kadind. Birincil tiimér tipleri arasinda akciger
kanseri (%43.37), urogenital timorler (%32.53), gastrointestinal tiimorler (%14.45), meme tumérleri (%7.22) ve nazofarenks tiimérleri
(%2.4) bulunuyordu. Torasik tutulum %46.98, lomber %39.75, servikal %8.43 ve sakral %4.8| oraninda gézlendi. Hastalarin %45.78’inde
omurga kitlesi tanisi, birincil timorii belirlemek igin ek aragtirmalara yol agti. Modifiye Bauer skoru hastalarin %48.19’unda hayatta kalma
stiresini dogru tahmin ederken, Van der Linden skoru %46.99 oraninda dogru tahminde bulundu. Tumér biyime hizi ile siniflamalarin hayatta
kalma tahmin dogrulugu arasinda anlaml bir fark bulunmadi.

Sonug: Prognostik skorlama sistemleri, omurga metastazlarinin yénetiminde yararl rehberlik saglarken, tahmin dogrulugu degiskenlik gos-
termektedir. Bu sistemler genellikle hayatta kalma tahminlerini diisiik tahmin eder. Yapay zeka destekli yeni siniflamalarin gelistirilmesi,
hayatta kalma tahminlerinin dogrulugunu artirabilir ve tedavi stratejilerini iyilestirebilir.

Anahtar Sozciikler: Modifiye Bauer Siniflamasi; spinal metastazlar; Vander Linden siniflamasi.
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