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Abstract:

Introduction: The revised Tokuhashi scoring system has been used to predict survival in patients with metastatic spinal
tumors. Because of the rapid progress of cancer therapy, the original criteria of the revised Tokuhashi scoring system be-
came in recent years unsuitable. The study aim was to evaluate the validity of the revised Tokuhashi scoring system in pa-
tients who underwent spinal surgery and to establish new prognostic criteria.

Methods: The study enrolled 85 patients with metastatic spinal tumors who underwent spinal surgery. The patients’ sur-
vival outcomes in October 2019 were as follows: 57 patients died; 10 were alive; and 18 had unknown prognoses. The
study evaluated the validity of the Tokuhashi scoring system, and established and validated the new prognostic criteria.

Results: The accuracies of the Tokuhashi scoring system were 66.7% in the short-term group, 60% in the midterm group,
and 100% in the long-term group. Among the patients who died, the survival period and total score were significantly cor-
related. Total score cutoff point was six points in the patients whose predicted survival was <6 months. Total score cutoff
point was eight points in the patients whose predicted survival was >1 year.

Conclusions: As the prognosis of patients has improved in recent years, the original criteria of the revised Tokuhashi
scoring system have been questioned as to their suitability to current treatments. Especially, the survival period among the
patients with total scores of 7 and 8 points was not accurate. According to this study, the new prognostic criteria of the re-
vised Tokuhashi scoring system were set to 0 to 6 points for the short-term group, 7 points for the midterm group, and 8 to

15 points for the long-term group.
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Introduction

Spinal surgery for metastatic spinal tumors has the possi-
bility to improve patient quality of life and performance
status. Prediction of prognosis strongly influences surgical
indications and procedures. Tokuhashi et al. in their study
reported the revised Tokuhashi scoring system in 2005 and
the system has been widely used to predict survival in pa-
tients with metastatic spinal tumors”. Several papers have re-
ported the usefulness of the revised Tokuhashi scoring sys-
tem”™”. Based on the original criteria of predicted prognosis,
total score of the revised Tokuhashi scoring system was O to
8 points as the short-term group (predicted survival: <6
months), 9 to 11 points as the midterm group (predicted sur-

vival: 26 months), and 12 to 15 points as the long-term
group (predicted survival: >1 year)". As the prognosis of pa-
tients has improved in recent years, the original criteria of
the revised Tokuhashi scoring system have been questioned
as to their suitability to current treatments’”. The aims of
this study were to evaluate the validity of the revised Toku-
hashi scoring systems in patients who underwent spinal sur-
gery for metastatic spinal tumors and to establish new prog-
nostic criteria.

Materials and Methods

The institutional review board of our institution approved
this retrospective study. The study enrolled 85 patients (48
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men and 37 women; mean age of 62.4 years at the time of
surgery; range of 26-85 years) from May 2009 to July 2018
with metastatic spinal tumors who underwent spinal surgery.
The patients’ outcomes in October 2019 were as follows: 57
patients died; 10 were alive; and 18 had unknown progno-
ses. The primary lesions were breast cancer in 22 patients,
prostate cancer in 14 patients, lung cancer in 14 patients,
hepatocellular carcinoma in seven patients, renal cell carci-
noma in seven patients, gastric cancer in four patients, colon
cancer in four patients, pancreatic cancer in three patients,
thyroid cancer in two patients, bile duct cancer in two pa-
tients, ureteral cancer in two patients, malignant melanoma
in one patient, duodenal cancer in one patient, bladder can-
cer in one patient, and primary unknown cancer in one pa-
tient. The surgical levels were the cervical spine in 21 pa-
tients, thoracic spine in 47 patients, and lumbosacral spine
in 17 patients. The primary lesions in the deceased patients
were breast cancer in 15 patients, lung cancer in 10 patients,
prostate cancer in six patients, renal cell cancer in six pa-
tients, hepatocellular carcinoma in four patients, gastric can-
cer in three patients, colon cancer in three patients, pancre-
atic cancer in two patients, bile duct cancer in two patients,
thyroid cancer in one patient, ureteral cancer in one patient,
malignant melanoma in one patient, duodenal cancer in one
patient, bladder cancer in one patient, and primary unknown
cancer in one patient.

We performed surgeries in patients who had neurological
deficit or severe pain due to spinal metastasis and the pa-
tients and their families understood the risk of operation.
The surgical procedures were posterior decompression in six
patients, posterior fixation in 71 (including 69 patients with
decompression), anterior fixation in one, anteroposterior
fixation in five (including two patients with decompression),
balloon kyphoplasty in one, and biopsy in one. In major
complications, there were five cases with surgical site infec-
tion, three cases with recurrence of tumor requiring addi-
tional surgery, two cases with postoperative hematoma, and
one case with rod fracture.

Survival period was defined as duration from the day of
operation to the date of death or the latest follow up.

The study evaluated the validity of the revised Tokuhashi
scoring system, establishing new prognostic criteria, and
evaluating their validity.

1. Validity of the revised Tokuhashi scoring system

Based on the original criteria of the revised Tokuhashi
scoring system, all patients were classified into the short-
term group (total score 0-8 points, predicted prognosis: <6
months), midterm group (9-11 points, predicted prognosis:
>6 months), and long-term group (12-15 points, predicted
prognosis: 21 year). The prognoses between the groups were
examined by performing the Kaplan-Meier curve analysis
and the log-rank test. Subsequently, the correlation between
total score and true prognosis was evaluated by the Spear-
man’s rank correlation coefficient in 57 deceased patients.
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2. New prognostic criteria in deceased patients

In the 57 deceased patients, receiver operating characteris-
tic (ROC) curves were used to examine the grouping that
gave the highest concordance rate for the short-term group
defined as <6 months, the midterm group as >6 months, and
the long-term group as >1 year. New prognostic criteria
were created.

3. Validity of the new prognostic criteria in all patients

The new prognostic criteria were applied to all 85 pa-
tients. We examined whether the median days of survival in
the short-term, midterm, and long-term groups were strati-
fied using the Kaplan-Meier curve analysis and the log-rank
test.

All statistical analyses were performed using the EZR
software (Saitama Medical Center, Jichi Medical University,
Saitama, Japan)”. The Kaplan-Meier curves, log-rank tests,
ROC curves, and Spearman’s rank correlation coefficients
were used for statistical analyses, and the level of signifi-
cance was set at 5%.

Results

1. Validity of the revised Tokuhashi scoring system

According to the original criteria of the revised Tokuhashi
scoring system, patients were divided into a short-term
group (total score 0-8 points; 57 patients), midterm group
(total score 9-11 points; 22 patients), and long-term group
(total score 12-15 points; 6 patients). The median survival
periods were 5.9 months in the short-term group, 30.1
months in the midterm group, and 38.8 months in the long-
term group. The accuracies of the original criteria of the re-
vised Tokuhashi scoring system were 66.7% in the short-
term group, 60% in the midterm group, and 100% in the
long-term group. For these three groups, the log-rank test
using the Kaplan-Meier curves showed significant differ-
ences between the groups (P=0.03) (Fig. 1). Among the pa-
tients who died, total score and the survival period were sig-
nificantly correlated (r=0.473, P < 0.01) (Fig. 2).

2. New prognostic criteria in deceased patients

Total score cutoff point, based on whether or not the pre-
dicted prognosis was <6 months when using ROC analysis,
was 6 points (sensitivity: 80.0%; specificity: 62.5%; area un-
der the curve [AUC]: 0.741) (Fig. 3). Total score cutoff
point, based on whether or not the predicted prognosis was
>] year when using ROC analysis, was 8 points (sensitivity:
60.5%; specificity: 89.5%; AUC: 0.789) (Fig. 4). From these
results, the new prognostic criteria were set as follows: total
score 0 to 6 points=short-term group (predicted prognosis: <
6 months); total score 7 points=midterm group (predicted
prognosis: 26 months); and total score 8 to 15 points=long-
term group (predicted prognosis: 21 year) (Table 1).
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Figure 1. The Kaplan—Meier curves of the revised Tokuhashi scoring system in all patients.
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riod in deceased patients.

3. Validity of the new prognostic criteria in all patients

According to the new prognostic criteria, the median sur-
vival periods were 4.6 months in the new short-term group
(31 patients), 12.8 months in the new midterm group (eight
patients), and 32.3 months in the new long-term group (46
patients). The survival periods of these three groups were
significantly different in the Kaplan-Meier curve analysis
and log-rank test (P<0.01) (Fig. 5).

Discussion

Published papers have shown the usefulness of the revised
Tokuhashi scoring system™. Since cancer therapy has pro-
gressed with new chemotherapy and immune checkpoint in-
hibitors, the five-year survival rate of cancer patients has in-
creased””. In recent years, Kitamura et al. reported that the
lifetime prognoses of recent cohorts who underwent surgical
treatment for metastatic spinal tumors are twice that of a
previous cohort”. Since the original criteria of the revised
Tokuhashi scoring system have been questioned as to their
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Figure 3. Total score cutoff point, based on whether or not the
predicted prognosis was <6 months according to the ROC analy-
sis, was 6 points.
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Figure 4. Total score cutoff point, based on whether or not the
predicted prognosis was >1 year according to ROC analysis, was
8 points.
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suitability, several papers have evaluated the validity of re-
vised Tokuhashi scoring system to establish a new scoring
system”'". Westermann et al. evaluated the validity of the re-
vised Tokuhashi scoring systems and set the new prognostic
criteria which satisfied patients’ prognoses in 1,3, and 12
months with ROC analysis”. Recent studies have suggested
a new revision of the revised Tokuhashi scoring system.
With Morgen et al. reporting another revision of the revised
Tokuhashi scoring system which adjusted primary diagno-
ses'”. In this study, total score of the revised Tokuhashi scor-
ing system and the survival period were significantly corre-
lated, with Hessler et al. concluding that the revised Toku-
hashi scoring system is underestimating the life expectancy
of patients with lung cancer'”. We suggest that the prognos-
tic prediction using the revised Tokuhashi scoring system
has been useful in recent patients and been able to create
new criteria. Total scores of 7 and 8 points were prolonged,
and were regarded as short-term groups according to the
original criteria. Finally, the new prognostic criteria were set
as follows: short-term group, total score 0 to 6 points; mid-
term group, total score 7 points; and long-term group, total
score 8 to 15 points.

This study has several limitations. 1) We only examined
surgical patients. Because the prognosis was extremely short
for some patients, such as those with poor performance
status, patients with conservative treatment were not in-
cluded. In contrast, the patients without symptoms were also

Table 1.
the Revised Tokuhashi Scoring System.

New Prognostic Criteria of

Total score Predicted prognosis

0 to 6 points <6 months
7 points >6 months
8 to 15 points >] year

Survival rate

(%)
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not included. From these factors it can be seen that there is
a possibility that the prognosis of this study does not reflect
the true prognosis. 2) Because of the small number of pa-
tients, we did not examine each type of cancer and the rate
of primary tumor. Further studies are required to investigate
each type of cancer. 3) We had some major complications,
but we did not investigate whether these major complica-
tions influenced patient’s prognosis. 4) We did not investi-
gate about preoperative comorbidities. It may influence pa-
tients’ survival period. 5) Total points of the revised Toku-
hashi score and patients’ survival were significantly corre-
lated. This result suggested that each point of the primary
site still had validity. However, since survival periods of
some primary cancers such as lung cancer are getting to be
longer in recent years, it may change the point distribution.
6) This study was a retrospective study, and the protocol of
postoperative therapy was not the same. It may influence the
prognosis of the patient.

Conclusion

The total score of the revised Tokuhashi score and the
survival period were significantly correlated. With improve-
ment in cancer therapy in the recent years, the original crite-
ria of the revised Tokuhashi scoring system were not accu-
rate, particularly among the patients with total scores of 7
and 8 points. According to this study, new prognostic crite-
ria of the revised Tokuhashi scoring system were set to O to
6 points for the short-term group (predicted prognosis: <6
months), 7 points for the midterm group (predicted progno-
sis: 26 months), and 8 to 15 points for the long-term group
(predicted prognosis: 21 year).
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Figure 5. The Kaplan—Meier curves of new prognostic criteria of the revised Tokuhashi scoring

system in all patients.
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