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Background: The aim of the study was to develop a nomogram to predict the overall
survival (OS) of patients with solitary plasmacytoma of bone (SBP).

Materials and Methods: Patients diagnosed with SBP between 1993 and 2012 were
collected from the Surveillance, Epidemiology, and End Results (SEER) database. All
eligible patients were randomly allocated to the training sets and the validation sets. The
nomogram was developed with the training set and validated with the validation set using the
concordance index (C-index), calibration plots, and decision curve analyses (DCA).
Results: Age, marital status, tumor grade, treatment were independent prognostic indicators
for OS (P<0.05) and were integrated to construct the nomogram. C-indexes for OS prediction
in the training and validation sets were 0.78 and 0.73, respectively. The calibration plots
demonstrated good consistency between the predicted and actual survival. DCA demon-
strated that the new model has great benefits. In the total cohort, the median OS of patients in
the low- and high-risk groups were 12.17 (95% CI 11.92-12.42) and 3.92 (95% CI 2.83—
5.01) years, respectively.

Conclusion: The nomogram showed excellent applicability and accuracy, which could be
a reliable tool for predicting OS in SBP patients.
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Introduction

Solitary plasmacytoma (SP) is a rare type of plasma cell dyscrasia, being
cytological and immuno-phenotypically identical to plasma cell myeloma. SP
can be divided into two types: solitary plasmacytoma of bone (SPB) and solitary
extramedullary plasmacytoma (SEP).! SPB is caused by the colonel proliferation
of plasma cells, which does not share other features with multiple myeloma
(MM)*> or show evidence of systemic disease originating from bones.?
Approximately 5% of all cases of plasma cell disorders are SPB,' and 70% of
all SP cases are SPB that mainly occurs on the axial skeleton.*> Approximately
half of the SBP patients are associated with a high risk of developing MM in 2 to
3 years.® The primary therapy was radiotherapy, though surgery is also required
in some cases,'”” while the use of chemotherapy remains controversial.® As a rare
disease, most previous studies on SBP only included small sample sizes.” The
Surveillance, Epidemiology, and End Results (SEER) database covers approxi-
mately 30% of the US population. Sufficient cases could be collected from this
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database for investigation,'® therefore, it was an excel-
lent resource for studying special malignancies.''
Previous literature revealed that age, gender, race,
tumor site, tumor grade, surgery, and the use of radiation
of SBP
patients.”'> However, these factors act as a sole indicator

were independent prognostic indicators
to estimate prognosis. To overcome the single-factor lim-
itation that cannot accurately predict survival rate, a novel
nomogram prognostic model was built. In our work, we
analyzed the clinicopathologic characteristics correlating
with the overall survival (OS) of SBP patients, and estab-
lish a nomogram to predict 3-, 5-, and 10-year OS for SPB
patients. To our best knowledge, this was the first study
that attempted to establish a nomogram of SBP patients.
Furthermore, a novel nomogram prognostic model could
help clinicians estimate the prognosis of individual

patients more precisely by considering multiple factors.'?

Materials and Methods

Patient Eligibility and Variables

We used SEER Stat software to identify patients who were
diagnosed with SPB. The inclusion criteria included: (1)
diagnosed with solitary plasmacytoma of bone
(International Classification of Diseases for Oncology
[ICD-0]:9731) between 1993 and 2012; (2) primary
malignancy; (3) primary site was selected codes
(C40.0-C41.9). Patients who progressed to MM were
also identified. The exclusion criteria included: (1) missing
or incomplete clinicopathologic data (tumor grade, marital
status, survival time, etc.); (2) multiple primary cancers.
This study was approved by the local Ethics Committee of

Ningbo Yinzhou Second Hospital.

Variables

Information on patient age, gender, race, marital status,
grade, tumor site, and treatments was examined. Patient
age was stratified into three groups (<40 years, 41-60
years, and >60 years). Tumor grade was classified as
Pre-B, B precursor; Grade I, well-differentiated; Grade
II, moderately differentiated; Grade III, poorly differen-
tiated; Grade IV, undifferentiated or anaplastic. The tumor
site was categorized as an appendicular skeleton (long and
short bones of limbs and associated joints, scapula) and
axial skeleton (pelvis, vertebra, ribs, sternum, clavicle, and
associated joints). Treatments were categorized as radia-
tion only, radiation combined with surgery, and surgery
only.

Nomogram Construction and Validation

Based on the inclusion and exclusion criteria, 376
patients were randomly allocated to the training set (n
= 188) and the validation set (n = 188) to establish and
verify the nomogram. Categorical data were shown as
frequencies and proportions. The Chi-square test and
Fisher’s exact test were used to compare variables
between the two groups. The independent prognostic
variables were evaluated by univariable and multivari-
able Cox proportional hazard regressions. The multi-
variable regression analysis was performed to obtain
the significant prognosis that was used to establish the
nomogram for 3-, 5-, and 10-year OS. The concordance
index (C-index) and receiver operating characteristic
(ROC) were used to determine the discrimination of
and actual observations.

survival  probability

Calibration plots were constructed to determine
whether nomogram prediction agreed with the actual
survival. Decision curve analysis (DCA) was per-
formed to assess the clinical value of the novel nomo-
gram by calculating the net benefits. According to the
total risk scores of each patient, we stratified the score
into two risk groups, using the optimal cut-off value.
Kaplan-Meier curves and the Log rank test were used
to compare between different risk groups. The cutoff
points of the risk scores were identified by the max-
imum Youden index of the ROC curve in the training
set. P<0.1 was considered statistically significant in
univariate Cox proportional hazard regressions. The
significant factors were selected by univariate analysis,
and then incorporated into the multivariate regression
analysis. Statistical software R (version 3.34, http://

www.r-project.org) was used for all data analyses.

The P-value of <0.05 was considered statistically
significant.

Results

Patient Characteristics
According to the inclusion and exclusion criteria, all the
376 patients were identified from the SEER database.
Sixty patients developed to multiple myeloma. The 376
patients were randomly allocated into the training set (n =
188) and the validation set (n = 188). Demographic and
clinical features are shown in Table 1. No obvious differ-
ences between the two groups were identified (Table 1).
Of these patients, 229 patients (60.9%) were male and
147 patients (39.1%) were female; 325 patients (86.4%)
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Table | Patient Demographics and Pathological Characteristics
Characteristics Total (n, %) Training Cohort (n, %) Validation Cohort (n, %) P
Marital status 0.832
Married 223 (59.31) 115 (61.17) 108 (57.45)
Single 54 (14.36) 23 (12.23) 31 (16.49)
Other 99 (26.33) 50 (26.6) 49 (26.06)
Age 0518
<40 35 (9.31) 18 (9.57) 17 (9.04)
41-60 146 (38.83) 72 (38.3) 74 (39.36)
>60 195 (51.86) 98 (52.13) 97 (51.6)
Sex 0.526
Female 147 (39.1) 62 (32.98) 85 (45.21)
Male 229 (60.9) 126 (67.02) 103 (54.79)
Race 0.328
Black 57 (15.16) 34 (18.09) 23 (12.23)
Other 20 (5.32) 6 (3.19) 14 (7.45)
White 299 (79.52) 148 (78.72) 151 (80.32)
Tumor site 0.395
Appendicular skeleton 59 (15.69) 28 (14.89) 31 (16.49)
Axial skeleton 317 (84.31) 160 (85.11) 157 (83.51)
Grade 0.358
Pre-B 325 (86.44) 163 (86.7) 162 (86.17)
Grade | 16 (4.26) 9 (4.79) 7 (3.72)
Grade |l 12 (3.19) 6 (3.19) 6 (3.19)
Grade |lI 7 (1.86) 3(1.6) 4 (2.13)
Grade IV 16 (4.26) 7 (3.72) 9 (4.79)
Treatment 0.143
Radiation only 248 (65.96) 120 (63.83) 128 (68.09)
Radiation with Surgery 99 (26.33) 51 (27.13) 48 (25.53)
Surgery only 29 (7.71) 17 (9.04) 12 (6.38)

were diagnosed with pre-B, 16 (4.3%) with grade I, 12
(3.2%) with grade II, 7 (1.9%) with grade III, and 16
(4.3%) with grade IV. The median age of the patients
was 61 years (range: 22-96 years), the median follow-up
time was 4.67 years (range: 4.42-4.92 years), and the
number of deaths was 135.

Nomogram Construction
Based on the training cohort, age, sex, race, marital status,
grade, tumor site, treatments were analyzed. Univariable
analyses revealed that these variables, except for gender,
race, and tumor site, were obviously correlated with OS
(P<0.1) (Table 2).

After adapting to potential confounding factors, the
multivariable Cox proportional hazards analysis demon-
strated that age, marital status, tumor grade, and treatment

were independent prognostic factors for OS (P<0.05).
Nomograms that integrated all these independent factors
based on the multivariate models were constructed to pre-
dict the 3-, 5-, and 10-year OS in the training set
(Figure 1). The nomogram endows each prognostic factor
a detailed score (Table 3). By accumulating 4 character-
istics points and locating total points on the OS total scale,
the estimated probability of 3-, 5-, and 10-year OS of the
individual patient could be identified.

Nomogram Validation

The C-index was 0.78 (95% CI, 0.73-0.83) and 0.73 (95%
CI, 0.66—0.80) in the training and validation sets, respec-
tively, demonstrating the good discrimination ability of the
model. For the training cohort, the 3-, 5-, and 10-year area
under the curve (AUC) values of the nomogram of OS
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Table 2 Univariate and Multivariate Analyses of Overall Survival in the Training Set

Characteristics Univariate Analysis P Multivariate Analysis P
Marital status

Married Reference group

Single 0.97 (0.4-2.35) 0.951 2.69 (1.01-7.15) 0.047
Other 2.52 (1.5-4.24) 0.001 1.87 (1.08-3.25) 0.026
Age

<40 Reference group

41-60 2.96 (0.38-22.98) 0.298 2.81 (0.36-21.91) 0.325
>60 12.74 (1.76-92.31) 0.012 12.3 (1.65-91.49) 0.014
Sex

Female Reference group

Male 1.05 (0.62-1.78) 0.844

Race

Black Reference group

Other 1.68 (0.38-7.52) 0.497

White 1.09 (0.58-2.02) 0.797

Tumor site

Appendicular skeleton Reference group

Axial skeleton 1.4 (0.64-3.09) 0.398

Grade

Pre-B Reference group

Grade | 2.22 (0.92-5.35) 0.076 1.15 (0.44-3) 0.778
Grade Il 2.31 (0.83-6.46) 0.109 1.63 (0.57-4.67) 0.365
Grade Il 5.66 (1.73-18.52) 0.004 4.04 (1.18-13.78) 0.026
Grade IV 4.37 (1.85-10.3) 0.001 2.87 (1.18-6.97) 0.02
Treatment

Radiation only Reference group

Radiation with Surgery 0.72 (0.38-1.35) 0.302 0.68 (0.35-1.31) 0.25
Surgery only 2.73 (1.39-5.34) 0.003 2.6 (1.23-5.48) 0.012

were 0.807, 0.787, and 0.824, respectively (Figure 2A);
those for the validation cohort were 0.738, 0.792, and
0.916, respectively (Figure 2B). The calibration plots of
OS nomograms also demonstrated satisfactory consistency

between the predicted and actual survival (Figures 3
and 4).

Clinical Value and Risk Stratification
System

DCA demonstrated that the new model had great bene-
fits at different time points (Figure 5). The optimal cut-
off value of the total score was 100. The score range in

the risk stratification model was defined as low risk
(total score 0—100) and high risk (total score >100). In
the total cohort, Kaplan-Meier curves showed that the
low-risk group had higher survival rate than the high-
risk group (all P<0.0001) (Figure 6), and the median OS
of patients in the low- and high-risk groups were 12.17
(95% CI 11.92-12.42) and 3.92 (95% CI 2.83-5.01)

years, respectively.

Discussion
Nomogram is a powerful prognosis tool in oncology

and medicine.'* However, no prognostic nomogram for
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Figure | Nomograms for predicting the 3-,5-, and 10-year overall survival of solitary bone plasmacytoma patients. Description using nomograms: First, each feature point of
the patient is assigned by plotting a vertical line to a point scale from the variable. Then, sum all the points and draw a vertical line from the total point scale to the liver

metastasis axis to obtain the probability.

SBP has been constructed. We are the first to establish
and validate nomograms to estimate the OS of SBP
patients by using the SEER database. In addition, we
developed a risk classification system that separates the
entire cohort into two prognostic groups, according to

Table 3 Detailed Scores of Prognostic Factors in the Overall

Survival Nomograms

Characteristics OS Nomogram
Marital status

Married 0
Single 39.49
Other 24.97
Age

<40 0
41-60 41.14
>60 100
Grade

Pre-B 0
Grade | 5.49
Grade I 19.39
Grade |lI 55.68
Grade IV 42.02
Treatment

Radiation only 15.48
Radiation with Surgery 0
Surgery only 53.57

the total scores of each patient. Due to the database
population diversity and the rigor of inclusion and
exclusion criteria, our nomograms are quite credible
and can be easily promoted for individualized diagno-
sis and treatment of SBP patients. From the aspects of
C-index, ROC, and DCA, our nomograms showed good
performance for predicting OS. The individual likeli-
hood of a clinical event can be predicted by integrating
various  prognostic ~and  determinant  factors.
Nomograms are excellent tools for comprehensive bio-
logical and clinical statistical models, which serve as
a great step for the promotion of personalized
medicine.

In our study, 376 SPB patients from the SEER database
were analyzed. Multivariable analysis indicated that age,
marital status, histological grade, and tumor treatments are
independent prognostic factors for OS. Several studies
suggested that age is a vital predictor in the survival of
malignant tumors.">™7 In our study, we found that patients
older than 60 years had worse survival rates. A similar
result was found in another previous study.’> Dores et al
reported that the S-year survival for SBP patients was the
most favorable among the younger age group (<60 years;
76.8%) and the poorest among the older age group (=60
years; 53.3%) (P<0.0001).° A possible explanation is that
with the increase of age, the immune function gradually
weakens, and the immune monitoring and elimination of

mutant cells are compromised.
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Figure 2 AUC values of ROC predicted overall survival rates of Nomogram in the training cohort (A) and the validation cohort (B).

Marital status was a benefit factor that increases the
survival of SPB.!? Some studies have shown that marital
status is an independent prognostic factor for the survi-

val of cancer patients.'2!

Aizer et al reported that
social support has a potentially significant impact on
the survival of cancer patients.'® Gao et al reported
that marital status is an independent prognostic factor
for chondrosarcoma and also emphasized the importance
of social support for improving the survival rate of
chondrosarcoma patients.”> Considering our statistical
that

a better survival rate because of their better social net-

results, we speculate married patients have
works and social support that lead to a relatively better
psychological state.

In the current study, we found that patients with grade III
tumor had a worse outcome. Wang et al found that Grade 1I
tumor had a worse outcome.'” However, Folk et al reported
that Grade IV tumor had worse survival rates because it shared
some common pathological features with invasive B-cell
lymphoma.*® The grade was based on the variable “Grade”
in the SEER database. The SEER database has no other
variables to represent grade. However, the grade is
a measure of the aggressiveness of tumor and an important
prognostic indicator for many types of tumors. We included
the cases of grade I-IV tumors at a relatively small sample
size, while the results of our study need to be carefully

explained.

Most treatment recommendations are based on expert
consensus and are still controversial. Radiotherapy, sur-
gery, and chemotherapy are the three main treatments.
Radiotherapy is the primary treatment for SBP that is
highly sensitive to radiation,>* which usually has a local
control rate of about 94% at doses of 40 to 45 Gy.”
Surgery is a reliable option for patients with nerve injury
and spinal instability.%° It is not only a part of the diag-
nostic procedure but also the treatment of fracture fixation,
laminectomy, or spinal stabilization.* Surgery is
a milestone for the histological diagnosis and specific
treatment for plasmacytoma with distinct localizations.’
However, our study found that surgery combined with
radiotherapy was a protective factor of OS, compared
with radiation only or surgery only. Moreover, patients
who were only treated with surgery were associated with
a nearly 2.7-time higher risk of death. This result is con-
sistent with other previous reports.'”” Therefore, we
speculate that surgical interventions could reduce the
local symptoms such as neurological symptoms, vertebral
fractures, etc., and improve the quality of life, while it
does not help to prevent the progression of the disease
substantially.

There were several limitations in our study. Firstly,
since the patient’s laboratory test results, including
serum quantitative immunoglobulin, and Bence-Jones
in the database, the

protein, were not available
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Figure 3 Internal calibration plot. (A) 3-Year, (B) 5-year and (C) 10- year overall
survival nomogram calibration curves. The 45-degree line represents an ideal match
between the actual survival (Y-axis) and nomogram-predicted survival (X-axis). The
perpendicular line means 95% confidence intervals.

patient’s predictive index was not sufficiently com-
plete. Secondly, other factors, including marrow invol-
vement by clonal plasma cells and skewed serum-free
light chain ratio, were also not available in the data-
base. Thirdly, due to the retrospective nature of the
SEER database, the inevitable missing data might
lead to sample size reduction (eg, only few patients
were categorized as grade I-IV). Fourthly, due to the
unavailable data of chemotherapy, whether chemother-
apy has any benefit for SBP patients is unknown.
Finally, detailed radiation regime and surgical proce-
dure were not recorded, which might confound the
results. Despite these shortcomings, the SEER database

T T T T T
o0s 06 07

Nomogram-predicted probability of 3-year overall survival

'Nomogram-predicted probability of S-year overall survival

Nomogram-predicted probability of 10-year over

Figure 4 External calibration plot. (A) 3-Year, (B) 5-year and (C) 10- year overall
survival nomogram calibration curves. The 45-degree line represents an ideal match
between the actual survival (Y-axis) and nomogram-predicted survival (X-axis). The
perpendicular line means 95% confidence intervals.

serves as an unparalleled resource for studying rare

cancers.

Conclusion

Based on the SEER cohort, marital status, age, grade,
treatment were identified as independent prognostic
indicators for OS in SBP patients. We constructed
a nomogram and risk classification system to predict
the OS of SBP patients. The nomogram showed good
applicability and great accuracy, and it could serve as
a reliable tool for predicting OS in SBP patients,
though further clinical verification is needed.
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