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Establishment of a Nomogram-Based Model for Predicting the Prognostic Value of
Inflammatory Biomarkers and Preoperative D-Dimer Level in Spinal Ewing’s Sarcoma

Family Tumors: A Retrospective Study of 83 Patients
Kehan Xu1, Yan Lou1, Rui Sun2, Yujie Liu1, Bo Li1, Jialin Li1, Quan Huang1, Wei Wan1, Jianru Xiao1
-BACKGROUND: Ewing’s sarcoma family tumors (ESFTs)
are the second most common malignancy in children and
adolescents. The purpose of the present retrospective
study was to evaluate the prognostic role of inflammatory
biomarkers and preoperative D-dimer levels in patients
with spinal ESFTs.

-METHODS: The neutrophil/lymphocyte ratio, platelet/
lymphocyte ratio, lymphocyte/monocyte ratio, albumin/
globulin ratio, C-reactive protein/albumin ratio (CAR),
preoperative D-dimer level, and clinical parameters were
evaluated and analyzed. Univariate and multivariate ana-
lyses for disease-free survival (DFS) and overall survival
(OS) were performed using the log-rank test and Cox
regression analysis, respectively. The DFS and OS rates
were calculated using the Kaplan-Meier method. Nomo-
grams were established to predict DFS and OS
quantitatively.

-RESULTS: The optimal cutoff values for D-dimer,
neutrophil/lymphocyte ratio, platelet/lymphocyte ratio,
lymphocyte/monocyte ratio, CAR, and albumin/globulin ra-
tio were 0.3, 3.2, 168, 2.2, 1.5, and 1.4, respectively. The
patients were stratified into 2 groups according to the
cutoff values. Multivariate analysis revealed that age,
resection mode, and D-dimer level were favorable prog-
nostic factors for DFS and OS (P < 0.05). Metastasis and
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Abbreviations and Acronyms
AGR: Albumin/globulin ratio
CAR: C-reactive protein/albumin ratio
C-index: Concordance index
CI: Confidence interval
CRP: C-reactive protein
D-D: D-dimer
DFS: Disease-free survival
ESFT: Ewing’s sarcoma family tumor
HR: Hazard ratio
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CAR <1.5 were significantly associated with OS (P < 0.05).
Nomograms with all significant factors were established to
predict DFS and OS.

-CONCLUSIONS: Our results have indicated that the
preoperative D-dimer level is an effective prognostic factor
with discriminatory ability for DFS and OS, superior to
other indicators. Also, CAR was favorable prognostic factor
for OS. Nomograms of DFS and OS can be recommended as
practical models to evaluate the prognosis for patients
with spinal ESFTs.
INTRODUCTION
wing’s sarcoma family tumors (ESFTs) are collectively the
second most common malignant bone tumors, with a peak
Eoccurrence in childhood and adolescence.1,2 ESFTs

comprise small round blue cell malignant neoplasms of neuro-
ectodermal origin, including Ewing’s sarcoma, Askin’s tumor, and
peripheral primitive neuroectodermal tumor.3 These diseases
occur in the bone or nearby soft tissue and mostly have the
same classic cytogenetic translocation, t(11;22)(q24;q12).4,5

ESFTs exhibit a different geographic distribution. The incidence
is extremely high in white and relatively low in East Asian and
African populations.6 Multidisciplinary treatment, including
LMR: Lymphocyte/monocyte ratio
NLR: Neutrophil/lymphocyte ratio
OS: Overall survival
PLR: Platelet/lymphocyte ratio
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radical surgery, chemotherapy, and radiotherapy, has been used to
achieve local control of ESFTs and improve the prognosis during
the past decades.7 Using the clinicopathological parameters
obtained in our previous study,8 the present study was intended
to establish a novel nomogram-based model for predicting the
prognosis of patients with spinal ESFTs.
Increasing evidence has confirmed that the inflammatory

response and hypercoagulation are associated with tumor
invasion, metastasis, and prognosis.9-13 Tumor-infiltrating in-
flammatory cells are known to promote tumor progression by
producing various inflammatory mediators and cytokines.14,15

Simultaneously, the preoperative D-dimer (D-D) level, a
biomarker of hypercoagulation, has been reported to be related to
the survival of sarcoma, breast, and lung cancer cells.16-18

Accordingly, evaluation of the preoperative D-D, neutrophil,
monocyte, lymphocyte, platelet, C-reactive protein (CRP), glob-
ulin, and albumin (ALB) levels can predict for tumor progression
and prognosis of these tumors. In addition, combinations of these
factors, such as the neutrophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR), lymphocyte/monocyte ratio (LMR), ALB/
globulin ratio (AGR), CRP/ALB ratio (CAR), and preoperative D-D
level, have been widely used to identify the prognostic factors in
various cancers. However, to the best of our knowledge, no study
has reported on the use of these inflammatory biomarkers and the
preoperative D-D level to predict the prognosis of spinal ESFTs.
Knowing that nomograms have been used in oncology for

prognostic prediction,19-22 the present study was intended to
establish a nomogram-based model for determining the prog-
nostic value of the inflammatory biomarkers NLR, PLR, LMR,
AGR, CAR, and preoperative D-D level in patients with spinal
ESFTs.
Figure 1. Patient fl
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METHODS

Patients
The present retrospective study included 83 patients with spinal
ESFTs who had undergone surgical treatment in our bone tumor
center from July 2007 to March 2016. The ethics committee of
Changzheng Hospital (Shanghai, China) approved the study pro-
tocol, and the surviving patients or their legal guardians provided
informed consent.
The flow diagram of the 83 patients with spinal ESFTs is shown

in Figure 1. The patients’ medical records, including clinical
reports, radiographic images, inflammatory biomarker levels,
and preoperative D-D level were reviewed retrospectively. The
preoperative neurological status was assessed according to the
Frankel score.23 All laboratory test results were obtained before
surgery. The radiological imaging studies and intraoperative
photographs from 1 typical case from the 83 patients are shown
in Figure 2.
Recurrence was diagnosed according to the clinical manifesta-

tions and imaging findings obtained at the outpatient follow-up
visits or pathological evaluation of the specimen from the sec-
ond surgery. The primary outcome measures were disease-free
survival (DFS) and overall survival (OS). Event frequency was
defined as the interval from the date of surgery to local recurrence,
death, or March 2018 for living patients. All patients were followed
up on an outpatient basis at 3, 6, and 12 months postoperatively,
every 6 months for the second year, and then annually for life.

Statistical Analysis
Statistical analyses were performed using SPSS, version 22.0 (IBM
Corp., Armonk, New York, USA) and R, version 3.3.2
ow diagram.
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Figure 2. Imaging studies and intraoperative photographs from a typical
case of a patient who had undergone tumor removal by total en bloc
spondylectomy at our center that was diagnosed as Ewing sarcoma family
tumor. (A) Preoperative radiographs of anteroposterior and lateral spine
demonstrating straightening of lumbar physiological curvature and osseous
destruction in the first lumber spine. (B) Preoperative computed
tomography scan showing osteolytic destruction in the first lumber vertebra
and its posterior elements, a paravertebral soft tissue mass, and

compression of the spinal cord. (C) Preoperative magnetic resonance
imaging studies showing low-intensity signal of tumor on T1-weighted
image and high-intensity signal on T2-weighted image. (D, E) Gross total
resection by en bloc spondylectomy was performed, and the first lumber
vertebral body and appendix were removed. (F) Postoperative radiographs
showing the first lumber spine was removed and replaced by an artificial
vertebral body, with solid internal fixation.
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(R Foundation, Vienna, Austria). Quantitative data were recorded
as the median and range and qualitative data as counts and per-
centages. X-tile 3.6.1 software, version 20 (Yale University, New
Haven, Connecticut, USA) was used to determine the optimal
cutoff values for D-D, NLR, PLR, LMR, AGR, and CAR. Univariate
and multivariate analyses were performed to identify independent
prognostic factors for DFS and OS. DFS and OS were calculated
using the Kaplan-Meier method. Univariate analysis was per-
formed using the log-rank test. Possible prognostic factors with
P < 0.1 on univariate analysis were included in the multivariate
analysis by Cox regression analysis. Factors with P < 0.05 were
considered to indicate statistical significance.
Nomograms for the possible prognostic factors associated with

DFS and OS were established using R software, version 3.3.2
(R Foundation). Predictive accuracy was assessed by discrimination
and calibration. The discrimination was measured using Harrell’s
concordance index (C-index). In addition to measuring the
discriminative capacity using theC-index, eachmodelwas evaluated
by the calibration curve in which the predicted outcomes versus the
observed outcomes were graphically depicted to allow for further
comparisons of the accuracy in estimating the prognosis.
RESULTS

Baseline Patient Characteristics and Inflammatory Biomarkers
and Preoperative D-D Cutoff Values
The clinical characteristics of the 83 patients are listed in Tables 1
and 2. Of the 83 patients, 54 were male and 29 were female, with a
e106 www.SCIENCEDIRECT.com WORLD NE
mean age of 25.8 years (median, 21; range, 5e82). The mean
follow-up duration was 20.3 months (median, 15; range, 1e84).
Recurrence was confirmed by the radiological findings and path-
ological results of the next surgery in 40 patients, for a recurrence
rate of 48.2%. The mean interval from surgery to recurrence was
17.4 months (median, 6; range, 1e76), and the mean duration
from the initial surgery to death was 20.3 months (median, 8;
range, 1e84). Of the 83 patients, 54 died during the follow-up
period, for a mortality rate of 65%.
The optimal cutoff value for the D-D level, NLR, PLR, LMR,

CAR, and AGR was 0.3, 3.2, 168, 2.2, 1.5, and 1.4, respectively, as
determined using the X-tile program (Yale University; Figure 3).
The log-rank value for the D-D level, NLR, PLR, LMR, CAR,
and AGR for DFS was 3.4, 5.4, 5.7, 4.3, 6.6, and 3.1, respectively.
The log-rank value for the D-D level, NLR, PLR, LMR, CAR, and
AGR for OS was 4.0, 5.4, 6.4, 3.4, 12.2, and 3.5, respectively. Using
these cutoff values, the patients were stratified into 2 groups.

Univariate and Multivariate Analysis Results for the Prognostic
Factors for DFS
The overall DFS rate after gross total resection was 51.8%, with a
median DFS of 15 months. The results of the univariate and
multivariate analyses are listed in Table 1. All potential prognostic
factors found on univariate analysis were submitted to Cox
proportional hazards analysis. Patients aged <25 years had
significantly shorter DFS than those >25 years (hazard ratio
[HR], 0.357; P ¼ 0.007). The risk of recurrence decreased
significantly for patients who had undergone en bloc
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.09.022
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Table 1. Univariate and Multivariate Analysis Results for
Prognostic Factors Affecting Disease-Free Survival of Patients
with Spinal Ewing’s Sarcoma Family Tumors

Variable

Disease-Free Survival

Univariate
Analysis
(n, %) P Value

Multivariate
Analysis

(HR, 95% CI) P Value

Age (years) 0.001* 0.007y
<25 55 (66.3) 1.000

�25 28 (33.7) 0.357 (0.169e0.752)

Gender 0.899 NA

Male 54 (65.1)

Female 29 (34.9)

Treatment history 0.708 NA

Primary 64 (77.1)

Recurrent 19 (22.9)

Metastasis 0.257 NA

Yes 9 (10.8)

No 74 (89.2)

Tumor size (cm) 0.574 NA

<6 47 (56.6)

�6 36 (43.4)

Location 0.269 NA

Cervical spine 20 (24.1)

Thoracic spine 15 (18.1)

Lumber spine 27 (32.5)

Sacral spine 21 (25.3)

Involved segment 0.240 NA

Monosegment 23 (27.7)

Multisegment 60 (72.3)

Enneking stage 0.051* NA

II 71 (85.5)

III 12 (24.5)

PFS 0.200 NA

AeC 49 (59)

DeE 34 (41)

Resection mode 0.076* 0.011y
Subtotal 19 (22.9) 1.000

Piecemeal 41 (49.4) 0.562 (0.361e0.875)

En bloc 23 (27.7)

D-dimer (mg/mL) <0.001* 0.007y
<0.3 36 (43.4) 1.000

Continues

Table 1. Continued

Variable

Disease-Free Survival

Univariate
Analysis
(n, %) P Value

Multivariate
Analysis

(HR, 95% CI) P Value

�0.3 47 (56.6) 2.704 (1.314e5.566)

NLR 0.843 NA

<3.2 47 (56.6)

�3.2 36 (43.4)

PLR 0.025* NA

<168 40 (48.2)

�168 43 (51.8)

CAR <0.011* 0.093

<1.5 43 (51.8) 1.000

�1.5 40 (48.2) 1.687 (0.916e3.106)

LMR 0.531 NA

<2.2 51 (61.5)

�2.2 32 (38.5)

AGR 0.216 NA

<1.4 37 (44.6)

�1.4 46 (55.4)

HR, hazard ratio; CI, confidence interval; NA, not applicable; PFS, preoperative Frankel
score; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; CAR,
C-reactive protein/albumin ratio; LMR, lymphocyte/monocyte ratio; AGR, albumin/
globulin ratio.

*P < 0.1.
yP < 0.05.
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spondylectomy compared with that of the patients who had
undergone subtotal or total piecemeal spondylectomy (HR,
0.562; P ¼ 0.011). Patients with a preoperative D-D level of
<0.3 mg/mL had significantly longer DFS than those with a
preoperative D-D level of �0.3 mg/mL (HR, 2.704; P ¼ 0.007).
Thus, age, resection mode, and preoperative D-D level were
independent prognostic factors for DFS.

Univariate and Multivariate Analysis Results for the Prognostic
Factors for OS
Of the 83 patients with spinal ESFTs in our series, 54 died during
the follow-up period of tumor recurrence and surgical complica-
tions, for an OS rate of 35% and median OS duration of 8 months.
The results of the univariate and multivariate analyses of the
prognostic factors affecting OS are listed in Table 2. All potential
factors were included in the multivariate analysis. The results
showed that age �25 years, metastasis, en bloc spondylectomy,
preoperative D-D level <0.3 mg/mL, and CAR <1.5 were
independent prognostic factors (age �25 years: HR, 0.392;
P ¼ 0.014; metastasis: HR, 2.180; P ¼ 0.049; en bloc
spondylectomy: HR, 0.594; P ¼ 0.018; D-dimer level <0.3 mg/
mL: HR, 2.589; P ¼ 0.009; and CAR <1.5: HR, 1.930; P ¼ 0.037).
www.journals.elsevier.com/world-neurosurgery e107
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Table 2. Univariate and Multivariate Analysis Results for
Prognostic Factors Affecting Overall Survival for Patients with
Spinal Ewing’s Sarcoma Family Tumors

Variable

Overall Survival

Univariate
Analysis
(n, %) P Value

Multivariate
Analysis

(HR, 95% CI) P Value

Age (years) 0.001* 0.014y
<25 55 (66.3) 1.000

�25 28 (33.7) 0.392 (0.185e0.833)

Gender 0.747 NA

Male 54 (65.1)

Female 29 (34.9)

Treatment history 0.461 NA

Primary 64 (77.1)

Recurrent 19 (22.9)

Metastasis 0.028* 0.049y
Yes 9 (10.8) 1.000

No 74 (89.2) 2.180 (0.224e1.106)

Tumor size (cm) 0.209 NA

<6 47 (56.6)

�6 36 (43.4)

Location 0.629 NA

Cervical spine 20 (24.1)

Thoracic spine 15 (18.1)

Lumber spine 27 (32.5)

Sacral spine 21 (25.3)

Involved segment 0.506 NA

Monosegment 23 (27.7)

Multisegment 60 (72.3)

Enneking stage 0.161 NA

II 71 (85.5)

III 12 (24.5)

PFS 0.023* NA

AeC 49 (59)

DeE 34 (41)

Resection mode 0.002 0.018y
Subtotal 19 (22.9) 1.000

Piecemeal 41 (49.4) 0.594 (0.386e0.914)

En bloc 23 (27.7)

D-dimer (mg/mL) <0.001* 0.009y
<0.3 36 (43.4) 1.000

Continues

Table 2. Continued

Variable

Overall Survival

Univariate
Analysis
(n, %) P Value

Multivariate
Analysis

(HR, 95% CI) P Value

�0.3 47 (56.6) 2.589 (1.266e5.294)

NLR 0.205

<3.2 47 (56.6)

�3.2 36 (43.4)

PLR 0.011* NA

<168 40 (48.2)

�168 43 (51.8)

CAR <0.001* 0.037y
<1.5 43 (51.8) 1.000

�1.5 40 (48.2) 1.930 (1.040e3.579)

LMR 0.431 NA

<2.2 51 (61.5)

�2.2 32 (38.5)

AGR 0.099* NA

<1.4 37 (44.6)

�1.4 46 (55.4)

HR, hazard ratio; CI, confidence interval; NA, not applicable; PFS, preoperative Frankel
score; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; CAR,
C-reactive protein/albumin ratio; LMR, lymphocyte/monocyte ratio; AGR, albumin/
globulin ratio.

*P < 0.1.
yP < 0.05.
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Nomogram-Based Model for Predicting the Prognosis of Patients
with Spinal ESFTs
To predict the DFS and OS for patients with spinal ESFTs, 2 no-
mograms were established using multivariate Cox proportional
hazards with all statistically significant independent factors for
DFS and OS (Figure 4). The nomograms were interpreted by
summing the points assigned to each variable, indicated at the
top scale. The top points were converted to predict the 2-year
probability of death and recurrence for a patient with points in
the lowest scale. The Harrell C-index for DFS and OS prediction
was 0.698 (95% confidence interval [CI], 0.686e0.710) and 0.708
(95% CI, 0.694e0.722), respectively. In addition, the calibration
plots showed good agreement between the nomogram prediction
and actual observation for 2-year DFS and 2-year OS.
DISCUSSION

As the second most common primary malignant tumor, ESFTs
generally occur in the bones, especially the long bones of the
lower limbs, followed by the pelvis and spine.24 With the
development of multidisciplinary treatment, DFS and OS have
significantly improved. However, given the rarity of the disease,
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.09.022

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2018.09.022


Figure 3. X-tile analysis of (A) disease-free survival and (B) overall survival
was performed using the patients’ data to determine the optimal cutoff
values for D-dimer, neutrophil/lymphocyte ratio, platelet/lymphocyte ratio,
albumin/globulin ratio, C-reactive protein/albumin ratio, and
lymphocyte/monocyte ratio, which were 0.3, 3.2, 168, 1.4, 1.5, and 2.2,
respectively. The sample of patients with Ewing’s sarcoma family tumors

was equally divided into training and validation sets. (Left) X-tile plots of the
training sets, with plots of matched validation sets shown in the small
inset. (Middle) Optimal cutoff values shown in histograms of the entire
cohort. (Right) Kaplan-Meier plots. P values were determined using the
cutoff values defined in the training sets and applying them to the validation
sets.
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the favorable prognostic factors for DFS and OS for spinal ESFTs
remain controversial. Our former retrospective study8 of 63
patients showed that age >25 years and receipt of neoadjuvant
chemotherapy were favorable independent prognostic factors for
recurrence-free survival and OS. Also, en bloc spondylectomy,
postoperative chemotherapy, postoperative radiotherapy, and no
metastases were significantly related to OS. In the present study,
to the best of our knowledge, we have for the first time used in-
flammatory biomarkers and the preoperative D-D level to perform
a prognostic analysis of spinal ESFTs. The results suggested that
age, resection mode, and preoperative D-D level are favorable
WORLD NEUROSURGERY 121: e104-e112, JANUARY 2019
prognostic factors for DFS and OS. In addition, metastasis and
CAR were significantly associated with OS.
In our series, the mean patient age was 25.8 years, male gender

predominated, and the peak incidence was in patients aged <25
years. Our findings differ from those from previous reports,25,26

probably owing to racial differences between Asians and whites.
The results of the multivariate analysis suggested that age >25
years is a favorable prognostic factor for DFS and OS, in contrast
to Cotterill et al.27 They reported that age >15 years was related to
unsatisfactory outcomes. Arpaci et al.28 also reported that age was
not a favorable prognostic factor.
www.journals.elsevier.com/world-neurosurgery e109
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Figure 4. Nomograms convey the outcomes of prognostic models using
inflammatory biomarkers, preoperative D-dimer level, and clinical
parameters to predict disease-free survival (DFS) and overall survival (OS)
of patients with Ewing’s sarcoma family tumors. The nomograms can be
interpreted by summing the points assigned to each variable, indicated at
the top of the scales. The total points can be converted to predict the
probability of recurrence and death for a patient with points at the lowest
scale. (A) Nomogram predicting the risk of recurrence and calibration

curves for DFS using nomograms with favorable prognostic factors. (B)
Nomogram predicting the probability of death and calibration curves for OS
using nomograms with independent prognostic factors. Harrell’s
concordance index for DFS and OS prediction was 0.698 (95% confidence
interval, 0.686e0.710) and 0.708 (95% confidence interval, 0.694e0.722),
respectively. The x-axis shows the nomogram-predicted probability of
survival and the y-axis, the actual survival. The reference line is 45� and
indicates perfect calibration.
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ESFTs have a strong potential to metastasize, mostly to the
lungs and bones. More than 10% of patients will present with
multiple bone metastasis at the initial diagnosis. Nine patients
(10.8%) in our series presented with metastasis. Metastasis usually
predicts for a worse prognosis, because a metastatic lesion is more
difficult to control and more likely to quickly progress. Our study
showed that metastasis was a useful prognostic indicator of OS for
patients with spinal ESFTs.
Multidisciplinary treatment of ESFTs usually consists of 3e6

cycles of neoadjuvant chemotherapy after diagnosis by biopsy,
followed by surgery and/or local therapy and 6e10 cycles of
chemotherapy.29 Neoadjuvant chemotherapy provides a new
method for the treatment of ESFTs, which is conducive to
reducing the tumor size, eliminating micrometastasis, and
facilitating en bloc resection. Furthermore, surgery is a standard
treatment of spinal ESFTs, with the aim of removing the tumor,
preserving or even improving functionality, relieving pain, and
controlling local recurrence and the promise of prolonging
survival. It has been reported that total en bloc spondylectomy
to remove spinal ESFTs can result in a better prognosis.30 Our
study has demonstrated that the risk of recurrence and death for
patients who underwent total en bloc spondylectomy was lower
than that for patients who had undergone subtotal and total
e110 www.SCIENCEDIRECT.com WORLD NE
piecemeal spondylectomy. Postoperative radiotherapy is usually
given to patients with inadequate surgical margins and no
response or a low response to chemotherapy. However, because
the primary aim of our study was to identify the prognostic
significance of inflammatory biomarkers and the preoperative
D-D level, we did not focus on the clinical outcomes of patients
who had undergone neoadjuvant chemotherapy and radiotherapy.
Some recent studies31 have indicated that the risk of malignancy

increased in patients with inflammatory disease, suggesting that
the inflammatory response could play a critical role in tumor
invasion, progression, and metastasis. The cutoff value for the
NLR, PLR, CAR, LMR, and AGR was determined using the
X-tile program (Yale University). Our study demonstrated that
the CAR is significantly associated with OS in patients with
spinal ESFTs. CRP is frequently used as a serum marker to
assess the inflammatory status of a patient and has been
discussed as a prognostic factor in patients with Ewing’s
sarcoma. Li et al.2 reported that the CAR was an ideal
prognostic indicator for patients with Ewing’s sarcoma,
consistent with our findings. However, their study mainly
focused on Ewing’s sarcoma in the limb, and our study
discussed the prognostic significance of inflammatory
biomarkers and the preoperative D-D level in patients with
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.09.022
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spinal ESFTs. The mechanism of inflammatory response in
tumorigenesis has been reported to be associated with the
release of inflammatory cytokines, including interleukin-1, inter-
leukin-6, and tumor necrosis factor from leukocytes, triggered by
tumor progression, which further induces homeostasis and acti-
vates an acute phase response.2,32 Our results have demonstrated
that other inflammatory biomarkers, including the NLR, PLR,
LMR, and AGR, were not related to the prognosis of patients with
spinal ESFTs.
As a marker of high coagulation and the fibrinolytic state,

plasma D-D has gained considerable attention with respect to the
relationship between activation of the hemostatic system and
tumor progression.33,34 Thus, the plasma D-D level might be, not
only a mediator of thrombosis, but also a biomarker for tumor
angiogenesis, metastasis, and invasion. To the best of our
knowledge, no study has reported on the prognostic role of the
preoperative plasma D-D level in patients with spinal tumors. In
the present study, we first evaluated whether the plasma D-D level
could be used as an independent prognostic factor for DFS and OS
of patients with spinal ESFTs. The result showed that patients with
greater preoperative D-D levels might indicate worse surgical
outcomes.
Nomograms have been used as a reliable tool to identify

possible risk factors and predict the prognosis of oncology
patients.35,36 The accuracy of nomograms can be confirmed using
the C-index and calibration curve. Compared with other staging
WORLD NEUROSURGERY 121: e104-e112, JANUARY 2019
systems, nomograms offer prognostic information for individuals
and groups and can be used to visualize all quantified possible
variables, allowing doctors and patients to clearly understand the
possible outcomes of the disease.37,38 In our study, we addressed
the prognostic role of inflammatory biomarkers and the preop-
erative D-D level in patients with spinal ESFTs and established a
nomogram-based model to predict the outcomes of these patients.
This method could provide us with a novel promising tool for
predicting the prognosis of patients with spinal ESFTs.
To the best of our knowledge, our study had the largest sample

of patients with spinal ESFTs to date and was a highly homoge-
neous study involving patients from a single center. However, our
study still had some limitations. First, the analysis was retro-
spective. Second, we only evaluated the DFS and OS of patients
who had undergone surgical treatment. Finally, the follow-up
duration was not long enough.
CONCLUSIONS

The results from the present study have indicated that the pre-
operative D-D level is an effective prognostic factor with
discriminatory ability for the DFS and OS of patients with spinal
ESFTs. In addition, CAR was an independent and robust prog-
nostic indicator for OS. This nomogram-based model could be
used as a practical tool for predicting the prognosis of patients
with spinal ESFTs in terms of DFS and OS.
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