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Purpose: Spinal tuberculosis (TB) and metastatic tumor (MT) are common diseases with
similar manifestations. Although pathological evaluation is the gold standard to confirm diag-
nosis, performing biopsies in all patients is not feasible. This study is aimed to create a scoring
system to facilitate the differential diagnosis of spinal TB and MT before invasive procedures.
Methods: Altogether, 447 patients with spinal TB (n=198) and MT (n=249) were retrospec-
tively analyzed. Patients were randomly assigned at 2:1 ratio to a training cohort and a validation
cohort. Clinical, laboratory, and radiological diagnostic factors were identified by x* and multiple
logistic regression analyses. The scoring system was then established based on the identified
independent diagnostic factors scored by regression coefficient B value, with the cut-off value
being determined by ROC curve. The sensitivity and specificity of the system was calculated by
comparing the predicted diagnosis with their actual pathological diagnosis.

Results: This scoring system was composed of 5 items: pain worsens at night (0 or 2
points), CRP value (0 or 3 points), tumor marker values (0 or 2 points), skip lesions (0 or 3
points), and intervertebral space destruction (0 or 3 points). Patients scoring higher than 7.5
could be diagnosed as spinal TB, otherwise, MT. According to the internal validation, the
sensitivity and specificity of the system were 87.9% and 91.6%, respectively.

Conclusion: This study established and validated a scoring system which could be used to
differentiate spinal TB from MT, thus helping clinicians in quick and accurate differential
diagnosis.

Keywords: scoring system, differential diagnosis, spine, tuberculosis, metastatic tumor

Introduction
Tuberculosis (TB) and metastatic tumor (MT) are frequently diagnosed lesions in the
spine. The incidence of spinal TB ranks top in TB of bones and joints, accounting for
approximately 50% of all skeletal TB cases.' The spine is also the most common site of
osseous metastatic disease, with about 60% of the bone MT being spinal MT.* Although
spinal TB and MT are two different disease entities, both showed vertebral bone destruc-
tion and local mass on the imaging examination.” Meanwhile, nonspecific back pain
represents the most common symptom in both diseases. In later stages, both have the
potential to cause spinal cord compression, leading to neurological sequelae including
paraplegia.'* Given the similar manifestations, differential diagnosis of the two diseases
constitutes a clinical challenge.>>

Although pathological examination is the gold standard for differential diagnosis of
spinal TB and MT, sometimes patients with acute symptomatic spinal cord compression
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require prompt surgical decompression with no time to receive
a biopsy in advance. Surgeons usually make the differential
diagnosis based on one or some certain features of the two
diseases, such as the presence or absence of intervertebral
space destruction, the level(s) of erythrocyte sedimentation
rate (ESR) and/or C-reactive protein (CRP), rather than
a systematic scoring system.” Although these features are
effective in most cases, it would be very difficult to be distin-
guished for atypical cases, such as noncontiguous multiseg-
mental spinal TB with no intervertebral disc involvement.’
Actually, due to atypical presentations, both cases of spinal
TB misdiagnosed as MT,* ' and spinal MT cases mistaken
for TB'*'* were not rare in clinical practice. The missed
diagnosis often led to inappropriate treatment, especially
regarding the surgical options, resulting in devastating
consequences.'®'? Therefore, systematic guidance on differ-
ential diagnosis of spinal TB and MT is of great importance for
clinicians.

In this study, the clinical, laboratory, and radiological
data of 447 patients with spinal TB or MT were systemi-
cally analyzed to develop and validate a novel and prac-
tical scoring system for the differential diagnosis between
TB and MT in the spine.

Patients and Methods

Patient Selection

Included in this retrospective study were 447 consecutive
patients with spinal TB (n=198) or MT (n=249) who received
surgical treatment in our center between July 2014 and
July 2018. Patient selection was restricted to fulfill the follow-
ing inclusive criteria: (1) the final diagnosis of spinal TB or MT
was confirmed by two pathologists independently; and (2)
patients developing symptomatic spinal cord compression
were planned to receive surgical treatment. In addition, patients
diagnosed with nontuberculous infection or primary tumor in
the spine were excluded from this study. The flow diagram for
the study design is shown in Figure 1. Using a permuted
randomization protocol, both TB and MT cases were randomly
assigned at a 2:1 ratio to a training cohort (132 TB cases and
166 MT cases) for univariate/multivariate analyses and scoring
system development, and a validation cohort (66 TB cases and
83 MT cases) for validation of the proposed system. All
procedures performed in this study were approved by the
Ethics Committee of the Second Affiliated Hospital of
Second Military Medical University. We declare that the writ-
ten informed consent for publication of their details was

A total of 447 cases
198 cases of spinal TB
249 cases of spinal MT

| Randomized at a ratio of 2:1 |

A

Training cohort
132 cases of spinal TB
166 cases of spinal MT

Univariate analysis
Multivariate analysis

A 4

| Identifying independent diagnostic factors

A4

Development of the scoring system

Figure | Flow diagram for study design.

A

Validation cohort
66 cases of spinal TB
83 cases of spinal MT

Comparing the predicted diagnosis
with their actual pathological diagnosis

Y

Validation of the new proposed system
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obtained from all patients and the study has been conducted in

accordance with the Declaration of Helsinki.

Data Collection

The clinical, laboratory, radiological, and pathological data
of all included patients were reviewed by two researchers.
The clinical data included gender, age, tumor history, the
presence or absence of low fever, night sweats, and pain
worsens at night. Laboratory data included white blood
cell (WBC) count, levels of ESR, CRP, and tumor markers
(AFP, PSA, CEA, CA199, CA125, CAI15-3, CEA72-4).
These data were dichotomized according to their normal
ranges. Radiological data (X-ray, CT, and MRI) included
skip lesions, intervertebral space destruction, paraspinal
abscess, and vertebral appendices involvement. The ima-
ging data were interpreted by two radiologists indepen-
dently. Dichotomized classification was carried out
according to the presence or absence of these parameters.
Disagreement was resolved by a third opinion.

Development of Scoring System

Statistical analyses were performed using SPSS Statistics
version 22.0 (IBM Corporation, Armonk, NY, USA). All
the above-mentioned clinical, laboratory, and radiological
parameters in the training cohort were entered for univari-
ate analysis using y> test. All variables significant at
p <0.05 in the univariate analysis were subjected to multi-
variate analysis using multiple logistic regression analysis.
Variables in the multivariate analysis with p values of <0.1
were recognized as independent diagnostic factors.

The independent diagnostic factors were regarded as
the items in the scoring system. The score of each item
was defined based on their regression coefficient 3 value in
multiple logistic regression model, with the values being
rounded off to the nearest integer. The optimal cut-off
value of the scoring system was determined by the recei-
ver operating characteristic (ROC) curve corresponding to
the point on the curve with the largest area under ROC.

Validation of Scoring System

In validationthe cohort, the total score of each patient was
calculated based on the new proposed system, and then the
predicted diagnosis was determined according to the cut-
off value. By comparing between the predicted diagnosis
and their actual pathological diagnosis, the sensitivity and
specificity of this scoring system were obtained.

Table | Univariate Analyses on Potential Diagnostic Factors for
Differentiation Between Spinal TB and MT (Training Cohort)

Factors Spinal TB Spinal MT P
(n=132) (n=166)

Clinical factors

Gender (male) 85 (64.4%) 104 (62.7%) 0.756

Age (<55y) 63 (47.7%) 53 (31.9%) 0.005

Without tumor history 129 (97.7%) 15 (9.0%) <0.001

Low fever and sweating | 42 (31.8%) 1 (0.6%) <0.001

No pain worsens at night | 105 (79.5%) 107 (64.5%) 0.004

Laboratory factors

High WBC value 10 (7.6%) 22 (13.3%) 0.16

High ESR value 106 (80.3%) 118 (71.1%) 0.067

High CRP value 73 (55.3%) 64 (38.6%) 0.004

Normal tumor marker 104 (78.8%) 48 (28.9%) <0.001

values

Radiological factors

Isolated lesions 126 (95.5%) 94 (56.6%) <0.001

Intervertebral space 113 (85.6%) 9 (5.4%) <0.001

destruction

Paraspinal abscess 45 (34.1%) 0 (0.0%) <0.001

No vertebral appendices | 47 (35.6%) 23 (13.9%) <0.001

involvement

Note: Bold values indicate statistical significance P < 0.05.

Results

Patient Characteristics

The total cohort was composed of 264 males and 183 females,
with a mean age of 55.5 years (median, 55; range, 17-80). The
mean age of the patients with spinal TB and MT were 51.9 and
56.4 years, respectively. Low fever and night sweats were
common symptoms in 57 (28.8%) TB patients, while pain
worsens at night was observed in 88 (35.3%) MT patients.
Of the 249 patients with spinal MT, 220 (88.4%) patients had
a tumor history. ESR and CRP were elevated in 150 (75.8%)
and 115 (58.1%) TB patients, respectively. Elevation of tumor
markers was detected in 172 (69.1%) MT patients.
Intervertebral space destruction was observed in 157 (79.3%)
patients with spinal TB, and skip lesions were found in 105
(42.2%) patients with spinal MT.

Diagnostic Factors for Differentiating
Spinal TB from MT

In the training cohort, the results of univariate analysis to
identify the potential diagnostic factors for differentiation
between spinal TB and MT are shown in Table 1. Age <55
years, without tumor history, low fever, and night sweats,
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Table 2 Multiple Logistic Regression Analysis on Diagnostic Factors for Differentiation Between Spinal TB and MT

(Training Cohort)

Factors P B OR (90% CI)

Age (<55y) 0.105 - -

Without tumor history 0.991 - -

Low fever and sweating 0.993 - -

No pain worsens at night 0.070 2.17 8.79 (1.22-63.30)
High CRP value 0.087 327 26.30 (1.13-611.57)
Normal tumor marker values 0.080 2.17 8.75 (1.14-67.14)
Isolated lesions 0.060 3.32 27.76 (1.53-505.17)
Intervertebral space destruction 0.010 3.14 23.02 (3.07-172.64)
Paraspinal abscess 0.997 - -

Formation of sequestrum 0.992 - -

Note: Bold values indicate statistical significance P < 0.1.

no pain worsens at night, high CRP value, normal tumor

marker values, isolated lesions, intervertebral space
destruction, paraspinal abscess, and no vertebral appen-
dices involvement were more significant indicators for
spinal TB as compared with MT (P <0.05).

The above-mentioned 10 potential risk factors selected
from univariate analysis were subjected to multiple logis-
tic regression analysis, and the results of multivariate
analysis are shown in Table 2. Patients with high CRP
had
a significantly higher likelihood of diagnosis as spinal
TB (P <0.1). Meanwhile, the likelihood of diagnosis as

spinal TB was significantly decreased in patients with pain

value and intervertebral space destruction

worsens at night, elevated tumor marker values, and skip
lesions (P <0.1). In addition, the result of multivariate
analysis also showed that age, tumor history, low fever
and night sweats, paraspinal abscess, and vertebral appen-
dices involvement were not independent diagnostic factors
for differentiating spinal TB and MT.

Development of the Scoring System

As shown in Table 2, the regression coefficient  values of
the independent diagnostic factors in multiple logistic
regression model were determined. After rounding off to
the nearest integer, the scores of each item in the scoring
system were defined as: 2 points for no pain worsens at
night and normal tumor marker values; and 3 points for
high CRP value, no skip lesions and intervertebral space
destruction (Figure 2). The total score was calculated for
each patient, and TB cases showed significantly higher
total scores than MT cases (mean, 10.3 vs. 4.9,
P <0.001). According to ROC curve, the cut-off value of
7.5 yielded the largest area under ROC with a sensitivity

of 88.6% and specificity of 86.7% (Figure 3). Therefore,
7.5 was selected as the optimal cut-off value of the scoring
system.

Herein, as shown in Figure 2, the new scoring system
is established with 5 items (pain worsens at night, CRP
value, tumor marker values, skip lesions, and interverteb-

ral space destruction). The total score of the system ranges

Factors Scores
Pain worsens at night

no 2

yes 0
CRP value

normal

high 3
Tumor marker values

normal 2

high 0
Skip lesions

no 3

yes
Intervertebral space destruction

no

yes 3
Total score

>7.5 Spinal TB

<7.5 Spinal MT

Figure 2 New proposed scoring system for differential diagnosis of spinal TB and
MT.
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Figure 3 ROC curve analysis to determine the optimal cut-off value of the scoring
system.

from 0 to 13, in which a total score of >7.5 indicates
a predicted diagnosis of spinal TB, otherwise, spinal MT.

lllustrative Case Presentations and

Validation of the Scoring System

Case |

A 56-year-old woman had T6 vertebral lesion causing spinal
cord compression. She did not have pain worsens at night (2
points). Laboratory tests showed higher CRP (3 points) and
tumor marker (AFP) values (0 points). Radiological exam-
ination displayed neither skip lesions (3 points) nor inter-
vertebral space destruction (0 points). Her total score was 8,
and thus her predicted diagnosis was spinal TB.

Case 2

A 60-year-old man had T8 and L2 vertebral lesions caus-
ing spinal cord compression. He presented with no pain
worsens at night (2 points). Laboratory tests showed
higher CRP value (3 points) and normal tumor marker
values (2 points). Radiological examination displayed
skip lesions (0 points) without intervertebral space
destruction (0 points). His total score was 7, and thus his
predicted diagnosis was spinal MT.

The total scores together with their predicted diagnoses
of all patients in the validation cohort were calculated
using the new proposed scoring system as the above
examples demonstrated. The comparisons between the

Table 3 Validation of the Scoring System for Differential
Diagnosis of Spinal TB and MT (Validation Cohort)

Total System Score Actual Pathological Diagnosis

Spinal TB Spinal MT
>7.5 (TB) 58 (87.9%)* 7 (8.4%)
<7.5 (MT) 8 (12.1%) 76 (91.6%)**
Total 66 83

Notes: *Sensitivity=87.9%. **Specificity=91.6%.

predicted diagnoses and the actual pathological diagnoses
revealed that 58 of 66 TB cases and 76 of 83 MT cases
obtained correct prediction (Table 3). Therefore, the sen-
sitivity and specificity of the new scoring system for
differentiating spinal TB from MT were 87.9% and
91.6%, respectively.

Discussion

Spinal TB and spinal MT have similar clinical and ima-
ging presentations, which poses a challenge to clinicians in
differential diagnosis, especially for some atypical cases.
Although pathological evaluation is the gold standard to
confirm the diagnosis, performing biopsies in all patients
with spinal cord compression is not feasible due to the
urgent need for surgical decompression. Ideally, it would
be favorable if surgeons could quickly and accurately
make the differential diagnosis with the help of a handy
assessment tool. To address this situation, the present
study established a novel diagnostic scoring system for
discriminating spinal TB from MT. This scoring system
was composed of 5 items identified from univariate and
multivariate analyses: pain worsens at night (0 or 2
points), CRP value (0 or 3 points), tumor marker values
(0 or 2 points), skip lesions (0 or 3 points), and interver-
tebral space destruction (0 or 3 points). Patients who
scored higher than 7.5 could be diagnosed as spinal TB,
otherwise, spinal MT. According to the internal validation,
the sensitivity and specificity of the system were 87.9%
and 91.6%, respectively.

Clinical Factors

Clinically, back pain is the most common symptom for
spinal MT. Typically, the pain often worsens at night
owing to distension of the epidural venous plexus and
lower endogenous corticoid secretion.'” In our study, pain
worsens at night was found to be an independent indicator
for spinal MT. For spinal TB, the most frequently reported
symptoms were also back pain, followed by low fever, body
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weight loss, neurological abnormalities, and night sweats.'®
In our study, the specific symptoms of TB, i.e., low fever and
night sweats, were selected for comparison. Although the
result of univariate analysis in our study showed that low
fever and night sweats was a factor for differential diagnosis,
it failed to achieve a significant difference in multivariate
analysis. In addition, age and tumor history were identified
to be predictive parameters differentiating tuberculous from
malignant pleural effusions,'” and they are also commonly
used information for differential diagnosis between spinal
TB and MT in clinical practice, but our results revealed that
neither were regarded as independent diagnostic factors.

Laboratory Factors

ESR and CRP are generally raised in the majority of patients
with active TB. Although they are not unique to TB, the
elevation of ESR and CRP is helpful in the diagnosis of
spinal TB.'® Javed et al suggested that ESR was more
sensitive in differentiating spinal TB from tumors than
CRP," while Sudprasert et al proposed that CRP played
a better role than ESR in evaluating the response to treat-
ment and prognosis of spinal TB. In our study, the results
showed that CRP rather than ESR was an independent
diagnostic factor. Similarly, in patients presenting with lym-
phocytic exudative pleural effusion, raised pleural fluid CRP
level was also an indicator in discriminating between tuber-
culous pleuritis and malignant pleural effusion.”!

Clinically, although tumor markers are mainly used to
monitor cancer recurrence after treatment, and only a few
tumor markers are used for screening (e.g., AFP for hepato-
cellular carcinoma and PSA for prostate cancer). The
increased concentration of a tumor marker is an earlier indi-
cator of MT than clinical presentation and imaging examina-
tions are.”* In our study, due to the variety of MTs and limited
sample size, a tumor marker combination was used for screen-
ing spinal MT. If any of the tumor makers was above the
normal range, the patient would be more likely diagnosed as
spinal MT.

Radiological Factors

Imaging tests usually differentiate spinal TB from MT. The
typical manifestations of spinal TB are contiguous destroyed
vertebral bodies with involvement of intervertebral discs and
paravertebral abscesses; while the spinal MT mainly presents
as vertebral bone destruction and soft tissue mass with rare
disc involvement.> Besides discal changes, a comparative
study showed that combined vertebral body and posterior
elements involvement, lesions, lesion,

skip solitary

concentric collapse abscess formation, etc. were MRI fea-
tures for differentiating the cases of spinal TB and MT.” In
our study, skip lesions and intervertebral space destruction
were identified to be the two independent diagnostic factors,
and included in the scoring system. For other imaging fea-
tures, take paraspinal abscess as an example, it is
a manifestation highly suggestive of spinal TB, but some-
times TB cases are in the developmental stage in which the
abscess has not yet formed (high specificity but low
sensitivity).

Despite the presence of characteristic imaging find-
ings indicative of spinal TB or MT, there can still be
misdiagnosis. For example, an atypical spinal TB case
with noncontiguous multiple bone destruction without
paravertebral abscess or destruction of adjacent interver-
tebral discs,® a case of isolated intra-spinal TB without
destruction of vertebral body, vertebral arch or interver-
tebral disc,” and a TB case with the presence of
a solitary pulmonary nodule'® were all misdiagnosed as
spinal MT. Similarly, due to radiological similarities, it is
also possible that patients with atypical spinal MT may
be erroneously diagnosed and treated for TB.'>'* To
better differentiate spinal TB from MT, advanced ima-
ging techniques such as CT perfusion and dynamic con-
trast-enhanced MRI were investigated and showed
promising results.>** However, they were limited for
routine clinical use due to cost and time constraints.
Moreover, diagnosis of spinal TB or MT should not be
based on imaging alone, and the differentiation requires
a combination of clinical, laboratory, and radiological
aspects. Therefore, this scoring system could prove to
be a useful tool for the differential diagnosis. It is com-
prehensive and practical, yet highly accurate.

There are several limitations to the present study. It is
a retrospective study, with cases limited to a single institution.
The lack of external validation of the scoring system can be
considered as a major flaw. Secondly, to make the scoring
system simple and practicable, the laboratory data was dichot-
omized according to the normal range rather than a more
optimal cut-off value determined by ROC curve. In addition,
this proposed diagnostic scoring system could just be regarded
as an assistant tool, while histological confirmation of the
presumed diagnosis by biopsy is always the gold standard.

In conclusion, by systematic analysis of clinical, labora-
tory, and radiological factors, we identified that pain worsens
at night, CRP value, tumor marker values, skip lesions, and
intervertebral space destruction were independent factors for
differentiating spinal TB from MT. Moreover, a novel
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diagnostic scoring system was developed based on the inde-
pendent diagnostic factors and validated internally. Further
external validation using the new samples and the indepen-
dent multiple raters is needed before this system could be
accepted for general use.
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