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Introduction

ABSTRACT

Introduction. Cancer is one of the most common causes of death worldwide and occurs through the ability of
malignant neoplasm cells to leave the primary tumor site and spread to other parts of the body through a complex
process known as metastases. However, the decision to do surgery is dilemmatic due to the surgical risk, mortality
rate, and cost control, especially in a developing country.

Material and methods. A case control was investigated in our tertiary referral hospital from patients in 2013-2021.
Of the 113 eligible patients, 24% (27) patients died within 3 months of their fracture. Medical records were reviewed
in detail specifically for patient's age, Karnofsky score, Lactate Dehydrogenase (LDH), C-Reactive Protein (CRP),
types of the primary tumor, and metastases to another organ. Chi-square followed by multivariate analysis using
backward elimination method were performed. Further ROC analysis was done to assess the sensitivity and
specificity of the novel scoring system.

Results. High CRP, LDH, and additional metastases to another organ besides the bone are the significant predic-
tors of 90-day mortality after a pathological fracture due to bony metastases. A total score of 5 or lower has 78%
specificity to predict a 90-day mortality after a pathological fracture due to bony metastases.

Conclusions. Focus to palliative should not be commenced when a total score of 5 or lower is found. Future
prospective multicenter studies would help establish the validity of this novel scoring system.
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Ninety-day mortality is often used as a measure
of quality of care, especially in terminal illnesses with

Cancer is one of the most common causes of death
worldwide and occurs through the ability of malig-
nant neoplasm cells to leave the primary tumor site
and spread to other parts of the body through a complex
process known as metastasis. The resulting pathological
fractures increasingly require attention in the field of
musculoskeletal oncology because of their increasing
incidence, which is mainly due to the availability of
better diagnosis and treatment of metastatic diseases,
resulting in a longer survival rate [1, 2]

limited therapeutic options related to resources and so-
cioeconomics, such as liver transplantation for end-stage
liver cirrhosis [3]. The decision to do orthopedic surgery
in such cases is dilemmatic due to the surgical risk, mor-
tality rate, and cost control, especially in a developing
country. Moreover, clinicians’ ability to predict progno-
sis in patients with metastatic bone disease is poor, with
a reported accuracy of only 18% [4].

There have been several scores that have been de-
veloped in the field of orthopedic oncology, but none
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have been designed to predict mortality within 3 months
after the occurrence of pathological fractures.

Our specific goals were to examine predictors of
90-day mortality in patients with appendicular skeletal
metastases, and how factors should be put together as
a useful scoring system so that it has a practical utility
in clinical settings.

Material and methods
Study design and setting

We performed a case-control study using data from
our tertiary referral hospital from 2013 to 2021. The study
was approved by our university’s ethical review board.
After searching our database, all patients with the initial
diagnosis or their relatives were contacted via telephone
to ask for research consent, authorization for using their
medical records, and the current condition of the patients.

Participants/study subjects

The exclusion criteria were patients with pathologi-
cal fractures that were not caused by a metastatic tumor,
patients on corticosteroid therapy, bisphosphonate
therapy prior to the fracture, and those who had received
operative fixation of the associated long bones before
the occurrence of the pathological fracture. Incomplete
data were counted as drop-outs. Taken together, 16%
of patients (21) were excluded from the study. With
all patient consent received, the final study samples
comprised 113 patients with pathological fractures due
to skeletal metastases treated between January 1, 2013
and December 31, 2021.

Data collection

Demographic and clinical data were obtained from
our electronic hospital database, including some labo-
ratory and radiographic details that were done outside
of our hospital. Karnofsky Performance Scale (KPS)
was routinely assessed in cancer patients and well-
-documented in the paper-based medical records of our
hospital. Diagnoses of pathological fracture were made
using plain X-ray, while metastases were diagnosed
using the combination of abdominal ultrasonography
and magnetic resonance imaging. Primary tumor types
were determined either with core biopsy results or
analysis of the histopathological tissue obtained during
subsequent surgeries. They were then classified further
according to Bollen et al. [5]. Serum lactate dehydro-
genase (LDH) and C-reactive protein (CRP) were also
routinely assessed in our hospital and were considered
high if exceeding 250 IU/L and 4 mg/dL, respectively.

The patient’s age was defined in accordance with the
patient’s identity card recorded in the hospital database,
with 60 years of age used as the cut-off of old age [6, 7].
The recorded KPS [8] of 20 or less was considered as
a potential risk factor, as well as the presence of any
metastases, primary tumor with a rapid-growth type,
high serum LDH and CRP. Mortality was defined as
death within 90 days after the diagnosis of pathologi-
cal fracture.

Chi-square analysis for each potential risk factor
was then performed, followed by multivariate analysis
using logistic regression and the backward elimina-
tion method. The statistically significant risk factors
were then divided by each of their Exp(b) values to
simplify the numerical value without reducing its
proportional significance. Further, receiver operating
characteristic (ROC) analysis was performed to as-
sess the sensitivity and specificity of the novel scoring
system. All statistical analysis of the data was done us-
ing SPSS version 24 (IBM Corp, Armonk, NY, USA)
with ¢ = 0.05 regarded as the statistical threshold
for significance.

Results

Univariate analysis showed that the association be-
tween 90-day mortality and pathological fracture due to
bony metastases was higher for patients who have a high
value of CRP (OR: 11.27,95% CI, 1.45-87.49; p = 0.05)
and LDH (OR: 8.4, 95% CI, 1.07-65.71; p = 0.018)
compared to patients with normal values. Further-
more, patients with any presence of metastasis in an-
other organ in addition to the pathological fracture had
a higher risk of mortality (OR: 3.76, 95% CI, 1.43-9.23;
p = 0.005) compared to patients who had only skeletal
metastases. No differences were observed in the risk of
90-day mortality between patients with older age (OR:
1.73, 95% CI, 0.72-4.16; p = 0.216), low KPS
(OR: 0.587, 95% CI, 0.20-1.73; p = 0.33), and more
aggressive (rapid-type) primary tumor (OR: 2.19, 95%
CI, 0.89-5.37; p = 0.083) compared to patients who
were younger, with higher KPS, or had moderate, less
aggressive (slow-type) primary tumor (Tab. 1).

Further multivariate analyses, with the same ad-
justments, were performed to determine significant
risk factors from each univariate analysis, resulting in
the exponential of logistic regressions [Exp(B)]. Se-
rum LDH had the highest association [Exp(B) = 8.99,
95% CI, 1.09-73.62; p = 0.041] with 90-day mortality
after pathological fracture due to bony metastases,
followed by serum CRP [Exp(B) = 8.57, 95% CI,
1.06-68.98; p = 0.044], and the presence of other
metastases [Exp(B) = 3.36, 95% CI, 1.25-9.03;
p = 0.016] (Tab. 2).
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Table 1. Result of univariate analysis using the Chi-Square Method

Status p OR
Alive/Mortality after 90 days Mortality within 90 days (95% CI)
Age
> 60 y.o. 30 (34.9%) 13 (48.1%) 0.22 1.73
<60 y.o. 56 (65.1%) 14 (51.9%) (0.72-4.16)
KPS
< 30 24 (27.9%) 5 (18.5%) 0.33 0.587
>30 62 (72.1%) 22 (81.5%) (0.2-1.73)
LDH (1U/L)
> 250 65 (75.6%) 26 (96.3%) 0.021 8.400
<250 21 (24.4%) 1(3.7%) (1.07-65.71)
CRP (mg/dL)
>4 60 (69.8%) 26 (96.3%) 0.05 11.267
<4 26 (30.2%) 1(3.7%) (1.45-87.49)
Another metastasis
Positive 34 (39.5%) 19 (70.4%) 0.005 3.632
Bone-only 52 (60.5%) 8 (29.6%) (1.43-9.23)
Primary tumor type
Rapid 23 (26.7%) 12 (44.4%) 0.08 2.191
Mild-Moderate 63 (73.3%) 15 (55.6%) (0.89-5.37)
OR — odds ratio; CI — confidence interval; LDH — lactate dehydrogenase; CRP — C-reactive protein; KPS — Karnofsky Performance Scale
Table 2. Result of multivariate analysis using the backward  Table 3. The novel scoring system
stepwise method in logistic regression Clinical findings Score
Exp(B) 95% ClI for Exp(B) LDH
Lower Upper <250 IU/L 0
LDH 8.99 1.09 73.62 > 250 IU/L 3
CRP 8.57 1.06 68.98 CRP
Metastasis 336 1.25 9.03 <4 mo/dL 0
LDH — lactate dehydrogenase; CRP— C-reactive protein; Cl — confidence interval > 4 mg/dL 3
Additional metastases other than bone
Absent 0
To simplify the numerical value without reducing its Positive 1

proportional significance, the value of each Exp(B) was
divided by the least significant value of Exp(B) (3.36)
and rounded to the nearest integer. Therefore, each
patient could be scored between 0 and 7, depending on
the summation of their abnormal serum CRP (3 points),
abnormal serum LDH (3 points), or presence of other
metastases (1 point) (Tab. 3). Receiver operating char-
acteristic (ROC) analysis was performed to assess the
sensitivity and specificity of this novel scoring system,
showing the area under the ROC Curve (AUC) greater
than 0.7 (Fig. 1). With the use of the numerical thresh-
old of 6, the specificity and sensitivity of this scoring
system were 77.9% and 66.7%, respectively. Therefore,
a patient who has a total score of 5 or lower would
be 7.05 times more likely to die within 90 days after
a pathological fracture due to bony metastases (Tab. 4).

Total score

LDH — lactate dehydrogenase; CRP — C-reactive protein

Discussion

Pathological fractures due to metastatic bone disease
are an increasing problem in musculoskeletal oncology
due to their increasing incidence [9, 10]. The dilemma
is whether to do surgery given the surgical risk, mortal-
ity rate, and cost burden of orthopedic implants. These
conisderations are especially relevant in developing
countries, such as ours, where the GDP is only 6%
of the US’ and there is an increasing rate of pov-
erty: 1.63 million people compared to September 2019
and an 1.28 million people compared to March 2019 [6].
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Figure 1. Receiver operating characteristic (ROC) curve

Table 4. Specificity and sensitivity test

Status Total
Alive/Mortality Mortality
after 90 days  within 90 days
18 19 37
>6
Total 66.7% 22.1% 32.7%
score 9 67 76
<6
33.3% 77.9% 67.3%
Total 27 86 113
100.0% 100.0% 100.0%

Ninety-day mortality is often used as a measure of
the quality of care, especially in terminal illnesses with
limited therapeutic options related to resources and so-
cioeconomics, such as liver transplantation for end-stage
liver cirrhosis [3]. Therefore, a scoring system based on
affordable, routine and readily-available examinations
would be a tremendous help in decision-making in
such dilemmatic situations. Our newly developed score
is based on the significance of the high value of serum
CRP, LDH, and the presence of metastases to another
organ besides the bone as the predictors of 90-day mor-
tality after a pathological fracture due to metastases in
appendicular bones.

This study has limitations, most notably the data
originated from a single tertiary center with retro-
spective reporting on a relatively small number of pa-
tients. Anationwide datawouldsupposedlygenerate alarger
and more diverse sample of the population, but main-
taining strict quality control in the extraction of such data

is still a tremendous challenge in our country at present.
Nevertheless, the number of samples in the study was
still sufficient to represent the targeted population ac-
cording to the WHO [7, 11].

Predictors of 90-day mortality after a pathological
fracture due to bony metastases

LDH is found in almost every cell in the body,
converting lactate to pyruvate in the glycolysis
process. When a cell dies, it becomes extracellular
and can be detected in the blood. Thus, dead cell in-
crease reflects a proportional number of tissue injuries
and could be caused by various diseases — one of which
is cancer [12]. A worse prognosis related to the high
serum LDH level was found statistically significant in
our study, specifically as marker of 90-day mortality.
Similarly, a higher risk of mortality related to the high
level of serum LDH has been reported in pancreatic
cancer [13], prostate cancer [14], breast cancer [15-17],
and many other tumors [18, 19].

Another significant outcome in this study that can
be used to predict poor prognosis is CRP levels. Few
studies included laboratory data as prognostic factors
especially CRP levels in patients with cancer. Nemecek
et al. [20] in 2018 had done research on how CRP can
predict the survival rate. They conclude that CRP is
statistically significant in predicting the survival rate in
patients with bone tumors: patients with pre-operative
CRP levels > 1.0 mg/dL had a lower survival rate than
patients with CRP levels < 1 mg/dL (p = 0.026) [20].
In the recent study by Errani et al., pathological CRP
was also found to be a negative independent prognostic
factor in patients with long bone metastases, along with
types of the primary tumor [21]. As reported by Avnet
et al [22], the exact processes and mechanismes behind
the CRP in which cancer itself seems to directly induce
permanent inflammation, are still unknown. However,
inflammation could also lead to tumor progression
and metastasis [22].

The presence of metastases in other extraskeletal
organs was also a significant predictor to assess the risk
of mortality in patients with MBD in this study. Other
authors showed that visceral metastases correlate with
the survival rate [23, 24]. Compared with metastases
to another organ, metastases to the bone had, indeed,
more favorable survival prognoses.

Old age, rapid-type primary tumor, and KPS were
found to be insignificant predictors of 90-day mortality
in this study [25-30]. These results were different from
other studies, which might be caused by our shorter time
frame of mortality and different pathologic fractures,
specifically targeting appendicular bones, instead of
spinal metastases. Therefore, they were not included
as items in our prognostic scoring.
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Scoring system

The goal of our study was to make a practical scor-
ing system that can be helpful in decision-making in
pathological fractures of the appendicular skeleton
due to metastatic bone disease. Most of the existing
scoring systems were designed to aid decision-making
in spinal metastases or did not specifically address the
appendicular skeleton [31-34]. While others [21, 35, 36]
had different time frame for mortality that did not cor-
respond well with the situation of a developing country,
such as ours. With numerous advanced cases due to late
diagnosis or neglect, a high number of complications,
and a high burden of implant cost, palliative care must
always be considered the best resolution for the patient
with a total score of 6 or higher, who is 7-fold more likely
to die within 90 days. This new scoring system would
facilitate solving such dilemmas with scientific rationale,
instead of clinical prediction which has poor reliability.

Conclusions

This new scoring system is a useful predictor of
90-day mortality in patients with appendicular skeletal
metastases, especially in developing countries. Future
prospective multicenter studies would help to cement
the validity of this novel scoring system for broader use.

Conflict of interest

All authors declare no conflicts of interest.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this article.

References

1. Amen TB, Varady NH, Hayden BL, et al. Pathologic versus native hip
fractures: comparing 30-day mortality and short-term complication
profiles. J Arthroplasty. 2020; 35(5): 1194-1199, doi: 10.1016/j.
arth.2020.01.003, indexed in Pubmed: 31987688.

2. Pulido C, Vendrell |, Ferreira AR, et al. Bone metastasis risk fac-
tors in breast cancer. Ecancermedicalscience. 2017; 11: 715, doi:
10.3332/ecancer.2017.715, indexed in Pubmed: 28194227.

3. Lavekar A, Raje D, Sadar A, et al. Predictors of three-month hospital
readmissions and mortality in patients with cirrhosis of liver. Euro-
asian J Hepatogastroenterol. 2019; 9(2): 71-77, doi: 10.5005/jp-jour-
nals-10018-1302, indexed in Pubmed: 32117694.

4. Salim X, D’Alessandro P, Little J, et al. A novel scoring system to gu-
ide prognosis in patients with pathological fractures. J Orthop Surg
Res. 2018; 13(1): 228, doi: 10.1186/s13018-018-0931-x, indexed in
Pubmed: 30189869.

5. Bollen L, van der Linden YM, Pondaag W, et al. Prognostic factors
associated with survival in patients with symptomatic spinal bone

20.

21.

22.

23.

24.

25.

metastases: a retrospective cohort study of 1,043 patients. Neuro
Oncol. 2014; 16(7): 991-998, doi: 10.1093/neuonc/not318, indexed
in Pubmed: 24470544.

Badan Pusat Statistik Indonesia. (2020). Catalog : 1101001.
Statistical Yearbook Of Indonesia. https://www.bps.go.id/publi-
cation/2020/04/29/€9011b3155d45d70823c141f/statistik-indone-
sia-2020.html.

Lwanga SK, Lameshow, S. (1991). Sample Size Determination in Health
Studies. World Health Organization.

Karnofsky DA, Abelmann WH, Craver LF, et al. The use of the nitrogen
mustards in the palliative treatment of carcinoma. Cancer. 1948; 1(4):
634-656.

Huang JF, Shen J, Li X, et al. Incidence of patients with bone metasta-
ses at diagnosis of solid tumors in adults: a large population-based
study. Ann Transl Med. 2020; 8(7): 482, doi: 10.21037/atm.2020.03.55,
indexed in Pubmed: 32395526.

. Jiang W, Rixiati Y, Zhao B, et al. Incidence, prevalence, and outcomes of

systemic malignancy with bone metastases. J Orthop Surg (Hong Kong).
2020; 28(2): 2309499020915989, doi: 10.1177/2309499020915989,
indexed in Pubmed: 32634071.

. Lun KC, Chiam P Sample Size version 2.0. National University of

Singapore. https://drive.google.com/file/d/0B _gJE18mOP67NWYON-
ZRjZmYtN]jY3Yi00MzU2LThINGQtMZzEOZjliIMWZKZDEw/view?resource-
key=0-dHORIKP-GjPTGr2rowT7Gw (2021 Dec 20).

. Martha JW, Wibowo A, Pranata R. Prognostic value of elevated lac-

tate dehydrogenase in patients with COVID-19: a systematic review
and meta-analysis. Postgrad Med J. 2022; 98(1160): 422-427, doi:
10.1136/postgradmedj-2020-139542, indexed in Pubmed: 33452143.

. Gan J, Wang W, Yang Z, et al. Prognostic value of pretreatment serum

lactate dehydrogenase level in pancreatic cancer patients: A meta-
-analysis of 18 observational studies. Medicine (Baltimore). 2018;
97(46): e13151, doi: 10.1097/MD.0000000000013151, indexed in
Pubmed: 30431587.

. Mori K, Kimura S, Parizi M, et al. Prognostic value of lactate dehy-

drogenase in metastatic prostate cancer: a systematic review and
meta-analysis. Clinical Genitourinary Cancer. 2019; 17(6): 409-418,
doi: 10.1016/j.clgc.2019.07.009.

. Dong T, Liu Z, Xuan Q, et al. Tumor LDH-A expression and serum LDH

status are two metabolic predictors for triple negative breast cancer
brain metastasis. Sci Rep. 2017; 7(1): 6069, doi: 10.1038/s41598-017-
06378-7, indexed in Pubmed: 28729678.

JiaZ, Zhang J, Wang Z, et al. An explorative analysis of the prognostic
value of lactate dehydrogenase for survival and the chemotherapeutic
response in patients with advanced triple-negative breast cancer. On-
cotarget. 2018; 9(12): 10714-10722, doi: 10.18632/oncotarget.24246,
indexed in Pubmed: 29535837.

Liu D, Wang D, Wu C, et al. Prognostic significance of serum lactate
dehydrogenase in patients with breast cancer : a meta-analysis. Can-
cer Management and Research. 2019; 11: 3611-3619.

Suh SY, Ahn HY. Lactate dehydrogenase as a prognostic factor for
survival time of terminally ill cancer patients: a preliminary study. Eur
J Cancer. 2007; 43(6): 1051-1059, doi: 10.1016/j.ejca.2007.01.031,
indexed in Pubmed: 17349786.

Zhang J, Yao YH, Li BG, et al. Prognostic value of pretreatment
serum lactate dehydrogenase level in patients with solid tumors:
a systematic review and meta-analysis. Sci Rep. 2015; 5: 9800, doi:
10.1038/srep09800, indexed in Pubmed: 259024 19.

Nemecek E, Funovics PT, Hobusch GM, et al. C-reactive protein:
An independent predictor for dedifferentiated chondrosarcoma. J
Orthop Res. 2018; 36(10): 2797-2801, doi: 10.1002/jor.24030, indexed
in Pubmed: 29701260.

Errani C, Cosentino M, Ciani G, et al. C-reactive protein and tumour
diagnosis predict survival in patients treated surgically for long bone
metastases. International Orthopaedics. 2021; 45(5): 1337-1346, doi:
10.1007/s00264-020-04921-2.

Avnet S, Di Pompo G, Lemma S, et al. Cause and effect of micro-
environmental acidosis on bone metastases. Cancer Metastasis Rev.
2019; 38(1-2): 133-147, doi: 10.1007/s10555-019-09790-9, indexed
in Pubmed: 30825056.

Meares C, Badran A, Dewar D. Prediction of survival after surgical
management of femoral metastatic bone disease - A comparison of
prognostic models. J Bone Oncol. 2019; 15: 100225, doi: 10.1016/j.
jp0.2019.100225, indexed in Pubmed: 30847272.

Shi D, Bai J, Chen Y, et al. Predicting the incidence and prognosis of
bone metastatic breast cancer: A SEER-based observational study.
Biomed Res Int. 2020; 15: 1-9, doi: 10.1155/2020/1068202, indexed
in Pubmed: 33294433.

Kakusa B, Han S, Aggarwal S, et al. Clinical factors associated with
mortality within three months after radiosurgery of asymptomatic

288


http://dx.doi.org/10.1016/j.arth.2020.01.003
http://dx.doi.org/10.1016/j.arth.2020.01.003
https://www.ncbi.nlm.nih.gov/pubmed/31987688
http://dx.doi.org/10.3332/ecancer.2017.715
https://www.ncbi.nlm.nih.gov/pubmed/28194227
http://dx.doi.org/10.5005/jp-journals-10018-1302
http://dx.doi.org/10.5005/jp-journals-10018-1302
https://www.ncbi.nlm.nih.gov/pubmed/32117694
http://dx.doi.org/10.1186/s13018-018-0931-x
https://www.ncbi.nlm.nih.gov/pubmed/30189869
http://dx.doi.org/10.1093/neuonc/not318
https://www.ncbi.nlm.nih.gov/pubmed/24470544
https://www.bps.go.id/publication/2020/04/29/e9011b3155d45d70823c141f/statistik-indonesia-2020.html
https://www.bps.go.id/publication/2020/04/29/e9011b3155d45d70823c141f/statistik-indonesia-2020.html
https://www.bps.go.id/publication/2020/04/29/e9011b3155d45d70823c141f/statistik-indonesia-2020.html
http://dx.doi.org/10.21037/atm.2020.03.55
https://www.ncbi.nlm.nih.gov/pubmed/32395526
http://dx.doi.org/10.1177/2309499020915989
https://www.ncbi.nlm.nih.gov/pubmed/32634071
https://drive.google.com/file/d/0B%20_gJE18mOP67NWY0NzRjZmYtNjY3Yi00MzU2LThiNGQtMzE0ZjliMWZkZDEw/view?resourcekey=0-dH0RlKP-qjPTGr2r0wT7Gw
https://drive.google.com/file/d/0B%20_gJE18mOP67NWY0NzRjZmYtNjY3Yi00MzU2LThiNGQtMzE0ZjliMWZkZDEw/view?resourcekey=0-dH0RlKP-qjPTGr2r0wT7Gw
https://drive.google.com/file/d/0B%20_gJE18mOP67NWY0NzRjZmYtNjY3Yi00MzU2LThiNGQtMzE0ZjliMWZkZDEw/view?resourcekey=0-dH0RlKP-qjPTGr2r0wT7Gw
http://dx.doi.org/10.1136/postgradmedj-2020-139542
https://www.ncbi.nlm.nih.gov/pubmed/33452143
http://dx.doi.org/10.1097/MD.0000000000013151
https://www.ncbi.nlm.nih.gov/pubmed/30431587
http://dx.doi.org/10.1016/j.clgc.2019.07.009
http://dx.doi.org/10.1038/s41598-017-06378-7
http://dx.doi.org/10.1038/s41598-017-06378-7
https://www.ncbi.nlm.nih.gov/pubmed/28729678
http://dx.doi.org/10.18632/oncotarget.24246
https://www.ncbi.nlm.nih.gov/pubmed/29535837
http://dx.doi.org/10.1016/j.ejca.2007.01.031
https://www.ncbi.nlm.nih.gov/pubmed/17349786
http://dx.doi.org/10.1038/srep09800
https://www.ncbi.nlm.nih.gov/pubmed/25902419
http://dx.doi.org/10.1002/jor.24030
https://www.ncbi.nlm.nih.gov/pubmed/29701260
http://dx.doi.org/10.1007/s00264-020-04921-2
http://dx.doi.org/10.1007/s10555-019-09790-9
https://www.ncbi.nlm.nih.gov/pubmed/30825056
http://dx.doi.org/10.1016/j.jbo.2019.100225
http://dx.doi.org/10.1016/j.jbo.2019.100225
https://www.ncbi.nlm.nih.gov/pubmed/30847272
http://dx.doi.org/10.1155/2020/1068202
https://www.ncbi.nlm.nih.gov/pubmed/33294433

| Gede Eka Wiratnaya et al., New scoring system as predictor of 90-day mortality in appendicular skeletal metastases

26.

27.

28.

29.

30.

brain metastases from non-small cell lung cancer. J Neurooncol.
2018; 140(3): 705-715, doi: 10.1007/s11060-018-03002-0, indexed
in Pubmed: 30460628.

Kim H, Kim HIn, Kim SW, et al. Prognosis of differentiated thyro-
id carcinoma with initial distant metastasis: A multicenter study
in Korea. Endocrinol Metab (Seoul). 2018; 33(2): 287-295, doi:
10.3803/EnM.2018.33.2.287, indexed in Pubmed: 29947184,
McClelland lii S, Agrawal N, Elbanna MF, et al. Baseline Karnofsky
performance status is independently predictive of death within 30 days
of intracranial radiation therapy completion for metastatic disease.
Rep Pract Oncol Radiother. 2020; 25(4): 698-700, doi: 10.1016/].
rpor.2020.02.014, indexed in Pubmed: 32684855.

Picarelli H, Oliveira M, Marta G, et al. Mortality, morbidity, and
prognostic factors in the surgical resection of brain metastases:
A contemporary cohort study. Journal of Neurological Surgery Part
A: Central European Neurosurgery. 2020; 81(04): 279-289, doi:
10.1055/s-0039-1696997.

Rades D, Bolm L, Kaesmann L, et al. Karnofsky performance score is
predictive of survival after palliative irradiation of metastatic bile duct
cancer. Anticancer Res. 2017; 37(2): 949-951, doi: 10.21873/antican-
res. 12500, indexed in Pubmed: 28179357.

Verlaan JJ, Choi D, Versteeg A, et al. Characteristics of patients who
survived < 3 months or > 2 years after surgery for spinal metastases:
can we avoid inappropriate patient selection? J Clin Oncol. 2016;

31.

32.

33.

34.

35.

36.

34(25): 3054-3061, doi: 10.1200/JC0O.2015.65.1497, indexed in
Pubmed: 27400936.

Leithner A, Radl R, Gruber G, et al. Predictive value of seven pre-
operative prognostic scoring systems for spinal metastases. Euro-
pean Spine Journal. 2008; 17(11): 1488-1495, doi: 10.1007/s00586-
008-0763-1.

Linden Yv, Dijkstra S, Vonk E, et al. Prediction of survival in patients
with metastases in the spinal column. Cancer. 2005; 103(2): 320-328,
doi: 10.1002/cncr.20756.

Tokuhashi Y, Matsuzaki H, Oda H, et al. A revised scoring system
for preoperative evaluation of metastatic spine tumor progno-
sis. Spine (Phila Pa 1976). 2005; 30(19): 2186-2191, doi: 10.1097/01.
brs.0000180401.06919.a5, indexed in Pubmed: 16205345.

Tomita K, Kawahara N, Kobayashi T, et al. Surgical strategy for
spinal metastases. Spine (Phila Pa 1976). 2001; 26(3): 298-306,
doi: 10.1097/00007632-200102010-00016, indexed in Pubmed:
11224867.

Katagiri H, Okada R, Takagi T, et al. New prognostic factors and scoring
system for patients with skeletal metastasis. Cancer Medicine. 2014;
3(5): 1359-1367, doi: 10.1002/cam4.292.

Salim X, D’Alessandro P, Little J, et al. A novel scoring system to gu-
ide prognosis in patients with pathological fractures. J Orthop Surg
Res. 2018; 13(1): 228-236, doi: 10.1186/s13018-018-0931-x, indexed
in Pubmed: 30189869.

289


http://dx.doi.org/10.1007/s11060-018-03002-0
https://www.ncbi.nlm.nih.gov/pubmed/30460628
http://dx.doi.org/10.3803/EnM.2018.33.2.287
https://www.ncbi.nlm.nih.gov/pubmed/29947184
http://dx.doi.org/10.1016/j.rpor.2020.02.014
http://dx.doi.org/10.1016/j.rpor.2020.02.014
https://www.ncbi.nlm.nih.gov/pubmed/32684855
http://dx.doi.org/10.1055/s-0039-1696997
http://dx.doi.org/10.21873/anticanres.12500
http://dx.doi.org/10.21873/anticanres.12500
https://www.ncbi.nlm.nih.gov/pubmed/28179357
http://dx.doi.org/10.1200/JCO.2015.65.1497
https://www.ncbi.nlm.nih.gov/pubmed/27400936
http://dx.doi.org/10.1007/s00586-008-0763-1
http://dx.doi.org/10.1007/s00586-008-0763-1
http://dx.doi.org/10.1002/cncr.20756
http://dx.doi.org/10.1097/01.brs.0000180401.06919.a5
http://dx.doi.org/10.1097/01.brs.0000180401.06919.a5
https://www.ncbi.nlm.nih.gov/pubmed/16205345
http://dx.doi.org/10.1097/00007632-200102010-00016
https://www.ncbi.nlm.nih.gov/pubmed/11224867
http://dx.doi.org/10.1002/cam4.292
http://dx.doi.org/10.1186/s13018-018-0931-x
https://www.ncbi.nlm.nih.gov/pubmed/30189869

