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Background. Solitary plasmacytoma of bone (SPB) is an isolated plasmacytoma of bone origin, most commonly seen in the elderly,
with a poor prognosis. So far, there is no precise nomogram to predict the overall survival (OS) of elderly patients with SPB. Our
goal is to construct and validate a nomogram for elderly patients with SPB. Methods. This study collected all elderly patients with
SPB in the Surveillance, Epidemiology and End Results (SEER) database from 2000 to 2018, and the variables included were age,
sex, race, marital status, primary site, grade, stage, surgery, chemotherapy, and radiotherapy. Independent prognostic factors were
identified using univariate and multivariate Cox analysis. The nomogram was constructed to predict 1-, 2-, and 3-year OS of
elderly patients with SPB. The receiver-operating characteristic (ROC) and the calibration curves were used to differentiate and
calibrate the nomogram. The clinical validity of the nomogram was evaluated by decision curve analysis (DCA). The total OS
scores of all elderly SPB patients were calculated and divided into two risk subgroups for comparison. Results. A total of 1837
patients diagnosed with SPB were screened from the SEER database, with a final inclusion of 1180 patients (age > 60 years).
Age, radiotherapy, and marital status were significantly correlated with OS. These characteristics were further incorporated
into the creation of the nomogram for predicting 1-, 2-, and 3-year OS of elderly patients with SPB. For this predictive model,
the area under the ROC curves, calibration curves, and DCA have good performance in terms of differentiation, consistency,
and validity, respectively. In addition, patients in the high-risk group (>96) had a worse prognosis than those in the low-risk
group (<96). Conclusion. We constructed a nomogram and a risk classification system that could provide an intuitive and
effective tool for clinicians to better predict the OS of elderly SPB patients.

1. Introduction

Plasmacytoma is a primary and systemic malignancy origi-
nating from the bone marrow and characterized by clonal
proliferation of plasma cells. Plasmacytomas include extra-
medullary plasmacytoma (EMP), solitary plasmacytoma of
bone (SBP), and multiple myeloma (MM) [1]. SBP is a rare
disease with a high recurrence rate, a cumulative incidence
of 0.15/100,000, and a poor prognosis for patients with
SPB over 60 years of age [2, 3]. The diagnosis of SPB is cur-
rently based mainly on histological examination and con-
firmed by tissue biopsy and radiology [4, 5]. Patients with
SPB may exhibit neurological impairment or severe pain
because of spinal instability or pathological fractures [6, 7].

In addition, these performances are usually used as primary
symptoms along with a poor prognosis in the elderly popu-
lation. For both surgeons and physicians, it is necessary to
pay attention to these patients in our clinical work. Radio-
therapy is the standard of care for SPB, even in patients
who have undergone complete tumor resection. Although
radiotherapy has excellent local control rates, SPB has a high
recurrence rate, with approximately 2/3 of patients in
advanced stages progressing to additional solitary or multi-
ple plasmacytomas [8].

Several studies [8, 9] have investigated the potential risk
factors for SPB. However, they have only analyzed relevant
prognostic factors, and the data included were not compre-
hensive, such as the lack of data on radiotherapy or
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FiGuRre 1: The study flow diagram of the selection process.

chemotherapy, which did not accurately predict the progno-
sis of patients with SPB. Furthermore, these studies have not
limited the research population to the vulnerable elderly
population and have not provided a good visualization
model. For example, nomograms have been widely used in
clinical predictions, which can not only help patients to

assess their risks of disease but also guide doctors to make
proper medical decisions [10]. So, we analyzed the SEER
database, which collects data from cancer registries in 18 dif-
ferent regions, accounting for about 28% of the United States
population [11]. The objective of this study was not only to
identify independent factors affecting survival outcomes in
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TaABLE 1: Patient cohort characteristics.

Training cohort Validation cohort

Variables n (%)

(n=2828) (n=352)

Age, year

60-70 394 (47.6) 170 (48.3)

71-82 319 (38.5) 137 (38.9)

>82 115 (13.9) 45 (12.8)
Sex

Female 324 (39.1) 145 (41.2)

Male 504 (60.9) 207 (58.8)
Race

Black 117 (14.1) 36 (10.2)

White 656 (79.2) 301 (85.5)

Others 55 (6.6) 15 (4.3)
Marital status

No 271 (32.7) 130 (36.9)

Yes 557 (67.3) 222 (63.1)
Primary site

Trunk 624 (75.4) 284 (80.7)

Extremities 129 (15.6) 41 (11.6)
boi‘;‘c’al/ skull 75 (9.1) 27 (7.7)
Grade

/1 11 (1.3) 1(0.3)

/v 15 (1.8) 6 (1.7)

Pre-B cell 802 (96.9) 345 (98.0)
Stage

Localized 683 (82.5) 291 (82.7)

Distant 145 (17.5) 61 (17.3)
Surgery

No 646 (78.0) 282 (80.1)

Yes 182 (22.0) 70 (19.9)
Chemotherapy

No 666 (80.4) 278 (79.0)

Yes 162 (19.6) 74 (21.0)
Radiotherapy

No 187 (22.6) 87 (24.7)

Yes 641 (77.4) 265 (75.3)

elderly patients with SPB but also to provide a nomogram to
accurately predict the probability of survival in elderly
patients, which may be of interest.

2. Materials and Methods

2.1. Study Population and Data Collection. We screened all
cases of SPB from the SEER database using the International
Classification of Diseases for Oncology (ICD-O-3) code
9731/3. Cases with peripheral blood, bone marrow, or other
extramedullary organ involvement and those with incom-
plete information were excluded from this study. The flow
chart for data selection is detailed in Figure 1. The following
relevant data were extracted: age (=60 years old), sex (female

or male), race (black, white, others), marital status (no, yes),
primary site (trunk, extremities, facial/skull bone), grade
(pre-B; grade I, good differentiation; grade II, moderate dif-
ferentiation; grade III, poor differentiation; grade IV, no dif-
ferentiation), stage (localized, distant), surgery (no, yes),
chemotherapy (no, yes), and radiotherapy (no, yes). Due to
the retrospective nature of the study and the absence of per-
sonally identifiable information, we did not require review
board approval or informed consent from patients.

2.2. Statistical Analysis. We collected 1180 cases and ran-
domly divided them into training cohorts (70%) and vali-
dation cohorts (30%). The patient’s optimal cut-oft value
was obtained by X-tile software (Yale University, USA).
Independent prognostic factors were identified using uni-
variate and multivariate Cox analysis. The nomogram
was constructed to predict 1-, 2-, and 3-year OS of elderly
patients with SPB. We constructed receiver-operating
characteristic (ROC) curves and calibration curves to ver-
ify the differentiation and calibration of the nomogram
and evaluated the validity of the model using decision
curve analysis (DCA) [12, 13]. In addition, we calculated
the total scores of all patients based on the nomogram
and used X-tile software to find the optimal cut-off value
for the total scores, subsequently dividing the patients into
two risk subgroups. Furthermore, survival curves for all
variables were constructed using the Kaplan-Meier method
to facilitate the analysis of survival trends. Graphic pro-
duction and statistical analysis were performed using R
software, and bilateral p values < 0.05 were considered to
be statistically significant.

3. Results

3.1. The Characteristics of the Study Population. Based on the
inclusion and exclusion criteria, we ultimately included 1837
patients with SPB from the 2000-2018 SEER database, of
which a total of 1180 were aged >60 years. The training
cohort and the validation cohort consisted of 828 and 352
individuals, respectively, for the construction of the nomo-
gram and validation. Patients were predominantly male
(60.9% and 58.8% for the training and validation cohorts,
respectively) and white (79.2 and 85.5%), had a marital sta-
tus of yes (67.3 and 63.1%), had undergone radiotherapy
(77.4 and 75.3%), and localized (82.5 and 82.7%). Concern-
ing the pathologic grades and primary site, pre-B cell (96.9
and 98.0%) and trunk (75.4 and 80.7%) were the most com-
mon. Table 1 shows in detail the demographic characteris-
tics of these patients.

3.2. Prognostic Factors in Elderly Patients with SPB. The
optimal cut-off values of the age through the X-tile software
were 71, 82, years (Figure 2). Univariate and multivariate
analyses of OS in elderly patients with SPB were conducted
as shown in Table 2. From the Cox univariate analysis, we
derived that patients’ age (p<0.001), marital status
(p<0.001), and radiotherapy (p <0.001) were significantly
associated with OS, while patients sex, race, primary site,
stage, grade, surgery, and chemotherapy were not
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F1GURE 2: Identification of optimal cut-off values of age and risk scores by X-tile analysis. Optimal cut-off values of age were identified as 71
and 82 years based on overall survival (a). Optimal cut-off values of risk scores were identified as 96 scores based on overall survival (c).
Histogram and Kaplan-Meier analyses were developed based on these cut-off values (b, d).

significantly correlated with OS. Because the p values of sur-
gery in the cox univariate and log-rank analyses were 0.083
and 0.026, respectively, and because of the importance of
surgery in clinical care, we also included surgery in the
Cox multivariate regression analysis to avoid missing vari-
ables. The Cox multifactor regression analysis further
showed that age (71-82 years old, HR =1.856, 95%CI =
1.469 - 2.345, p <0.001; >82 years old, HR =4.305, 95%CI
=3.256 - 5.692, p < 0.001), marital status (yes, HR =0.670,
95%CI = 0.544 - 0.824, p<0.001), and radiotherapy (yes,
HR =0.695, 95%CI =0.557 - 0.868, p<0.001) were inde-
pendent prognostic factors for OS in elderly patients with
SPB. The Kaplan-Meier curves of all variable factors in OS
were drawn (Figures 3 and 4).

Construction and validation of a nomogram for elderly
patients with SPB.

According to the independent prognostic factors
screened by the above analysis, we constructed a nomogram
based on R language to predict the prognosis of elderly
patients with SPB (Figure 5). The area under the ROC curve
(AUC) values of 12-, 24-, and 36-month OS in the training

(Figure 6(a)) and validation cohorts (Figure 6(b)) were
0.677, 0.692, and 0.721 and 0.680, 0.677, and 0.684, respec-
tively, displaying excellent predictive differentiation. And
the calibration curve for both the training and validation
cohorts showed excellent consistency as well (Figure 7).
We plotted the DCA curves for the training and validation
cohorts at 1, 2, and 3 years, showing the best net benefit of
the nomogram and demonstrating the advantages of the
nomogram (Figure 8).

3.3. Risk Classification System. In addition, we calculated the
total scores of all elderly patients with SPB based on the
nomogram and used the X-tile software to determine that
a score of 96 was the optimal cutoff value for OS. And we
attempted to establish a risk classification system for this
nomogram and divided the patients into two risk subgroups
of high risk (>96) and low-risk (<96) by the X-tile software.
Survival curves for both the training and validation groups
showed good prognostic stratification, with the high-risk
group having a worse prognosis than the low-risk group
(Figure 9).
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TaBLE 2: Univariate and multivariate analyses of variables associated with overall survival.
Variables Univariate analysis Multivariate analysis
HR (95% CI) p value HR (95% CI) p value

Age, year

60-70 Reference Reference

71-82 1.926 (1.526, 2.432) <0.001 1.856 (1.469, 2.345) <0.001

>82 4.857 (3.691, 6.492) <0.001 4.305 (3.256, 5.692) <0.001
Sex

Female Reference

Male 0.867 (0.707, 1.062) 0.167
Race

Black Reference

White 0.943 (0.709, 1.255) 0.689

Other 1.269 (0.806, 1.998) 0.304
Marital status

No Reference Reference

Yes 0.593 (0.483, 0.727) <0.001 0.670 (0.544, 0.824) <0.001
Primary site

Trunk Reference

Extremities 1.117 (0.850, 1.469) 0.427
Facial/skull bone 1.256 (0.902, 1.750) 0.177
Grade

/11 Reference

/v 1.616 (0.679, 3.848) 0.278

Pre-B cell 1.048 (0.533, 2.062) 0.892
Stage

Localized Reference

Distant 1.055 (0.811, 1.372) 0.690
Surgery

No Reference 0.083 Reference

Yes 0.802 (0.624, 1.030) 0.902 (0.702, 1.160) 0.422
Chemotherapy

No Reference

Yes 1.037 (0.810, 1.327) 0.774
Radiotherapy

No Reference Reference

Yes 0.599 (0.480, 0.746) <0.001 0.695 (0.557, 0.868) <0.001

4. Discussion

Solitary plasmacytoma of bone is a type of malignant plas-
macytoma disease with a rare nature and a relatively high
recurrence rate [14, 15]. Moreover, SPB often occurs in the
elderly [16]. To better help patients and physicians predict
the probability of survival after the disease, it is urgent to
establish a predictive model to give the correct guidance.
The nomogram graphically quantifies the predictive model
as a numerical estimate of the probability of survival, which
is tailored to the characteristics of individual patients.
Nomograms that were proved convenient and effective have
been constructed for a variety of cancers [17-19]. To the best
of our knowledge, this study is the first to develop and vali-
date an OS nomogram for elderly patients with SPB. Based

on the 1180 cases extracted from the SEER database, we
developed a comprehensive predictive model for 1-, 2-, and
3-year OS in elderly patients with SPB.

In this study, we found that age, marital status, and radio-
therapy were independent prognostic factors for OS in elderly
patients with SPB, and we further developed a nomogram to
predict survival outcomes, which showed good predictive per-
formance for both internal and external validation. As shown
in the red line marked in Figure 5, we had assumed an elderly
patient of SPB who is more than 82 years old, living alone, and
has taken radiotherapy, we could draw a total score of 123
points and the mortality of 3-year, 2-year, and 1-year were
73.5%, 64.4%, and 45.4%, respectively.

We found a significant difference in survival trends
among patients aged 60-70, 71-82, and >82 years on the



Survival probability

Strata

1.00

0.75

0.50

0.25 ~

0.00

BioMed Research International

. p<0.0001

100 150

60-70 1
71-82 1

N.censor

> 82

[SETNIRRNG; o AN LN

0 50
Time in months
Number at risk
564 - 235 - - 33 4 BN
456 - 141 18 ‘ 1 0
160 - 221 Q-0 -0
0 50 100 150 200

Number of censoring

Time in months

Age

—+— 60-70
—— 71-82
- > 82

Time in months

()

FiGgure 3: Continued.



BioMed Research International

1.00 1 -
2 o754
<
=)
S
2 0504
g
§ 0.25 1 -
w
0.00 1 - .
0 50 100 150 200
Time in months
Number at risk
o Female 4 469 B2 DB g
B : : : : : : : : :
D Maled FEL o 4B QB
0 50 100 150 200
Time in months
Number of censoring
i
s
S
g
z
1
0

0 50 100 150 200

Time in months

Sex
—+— Female
—+-  Male

(b)

Ficure 3: Continued.



Strata

Survival probability

1.00 1 -

0.75 1 -

0.50

0.25

0.00

Black
Others
White

n.censor
SRR N =

BioMed Research International

100

150

200

0 50
Time in months
Number at risk
{153 : 52 9 I I
170 19 2 0 0-
957 - 326 - 40 4 0-
(') 5'0 1(')0 1;0 2(')0

Number of censoring

Time in months

Race

—+— Black
—+— Others
—+— White

50

100

Time in months

()

FiGgure 3: Continued.




BioMed Research International

Survival probability

Strata

n.censor

1.00

0.75 4

0.50

0.25

0.00

cmmwanon®me SR

pomer
(') 5'0 1(')0 léO 260
Time in months
Number at risk
401 Tl 2 1
TT9 g3y 3 0
(') 5'0 1(')0 1;0 2(')0
Time in months
Number of censoring
(') 5'0 1(')0 léO 2(')0

Time in months

Marital.status
No
Yes

(d)

Figure 3: Continued.




10

Strata

BioMed Research International

1.00 4 -
£ o754
—
2
)
2
2 050-
E
S 0.25 1 -
w
0.00 1 - .
0 50 100 150 200
Time in months
Number at risk
Trunk 498 - -+ v 309 4L i
Extremities { 970 - - - - - B
Facial/skull 4 102 -+« -~ - 9 g
bone T T T T '
0 50 100 150 200
Time in months
Number of censoring
12
5
=]
N
Z.
b

Time in months

Primary.site

—+— Trunk
—+— Extremities
—+— Facial/skull bone

(e)

FiGure 3: Continued.



BioMed Research International

11

1.00 -
£ 075
=
<
=)
2]
2 050 -
=
2
Z,
(,5) 0.25 4 R e e
0.00 -
0 50 100 150 200
Time in months
Number at risk
3 1705 08 IRT e
5 MV gy g S
&
Pre-B cell 11147- 384 R SRR |
0 50 100 150 200
Time in months
Number of censoring
N E
I H
5 3 ;
I
03 [ HH 31 ] 3 af H
0 50 100 150 200

Grade
/11

—— II/IV
Pre-B cell

Time in months

®

F1GUre 3: Kaplan-Meier curves of variables were performed for OS in elderly patients with SPB. (a) Age, (b) sex, (c) race, (d) marital status,

(e) primary site, and (f) grade.

Kaplan-Meier curve (p < 0.0001), with an increasingly worse
prognosis with increasing age. Many studies [20-22] have
shown that age is associated with survival outcomes in a
variety of cancers. In addition, according to the results of
previous retrospective studies by Knobel et al. [23] and
Jawad and Scully [24], age (>60 years) was a poor prognostic
factor for plasmacytoma in both univariate and multifacto-
rial analyses. This is in keeping with our findings. The inci-
dence of SPB in men was higher than in women (1.5:1), but
there was no significant difference in prognosis between
women and men, which was inconsistent with the study by
Ramsingh et al. [25], which showed that women had a
poorer prognosis. As shown in Table 1, whites have a higher
incidence (79.2%), and according to Ramsingh et al. [25],
blacks with solitary plasma cell tumors have significantly
worse survival rates than other ethnic groups. In contrast,
in our study, the race had no significant effect on the out-
come of patients with SPB. The reason for the discrepancy
between the two studies mentioned above is considered to
be caused by the inconsistency of the study population; the
study by Ramsingh et al. selected all SP patients diagnosed

from 1988 to 2004, whereas our study included elderly SPB
patients diagnosed from 2000 to 2018.

Marital status, as a sociodemographic factor, has been
well documented as an independent prognostic factor for
multiple cancer types [26-28]. Marital status included mar-
ried, divorced, separated, widowed, and single, and patients
with SPB who have a partner have better survival. We con-
sider it from two aspects: on the one hand, partners urge
patients to screen for health conditions and advocate for
aggressive treatment [29, 30]; on the other hand, marital sta-
tus provides hope for patients. Evidence has also found that
married cancer patients are diagnosed with cancer earlier
than unmarried patients [27]. Doctors should take into
account the marital status of the patients when calculating
the probability of survival for SPB patients, and for those
elderly who are without a partner, we may want to inform
the patient’s family or caregiver to increase care and atten-
tion. The effect of lesion location on prognosis in patients
with SPB remains unclear. The lesion was more common
in the trunk bone (75.4%), which was consistent with most
previous reports. And the survival of patients with SPB of
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the trunk bone was similar to that of patients with SPB of
other parts of the body [2, 8]. In our study, we found an
interesting phenomenon that the survival of patients with
SPB of the head and face was poorer, although the survival
differences were not significant. The causes of this phenom-
enon are not clear, but one possible explanation is that
patients with SPB are relatively rare in the skull and facial
bones, and clinicians are prone to misdiagnosis or missed
diagnosis, delaying the optimal time for efficacy. In addition,
It was reported that anaplastic (grade IV) plasmacytoma and
aggressive B-cell lymphoma had some common pathologic
features, poor prognosis, and possible progression to
Epstein-Barr virus infection and immunosuppression [31].
This could explain why SPB has a lower survival rate due
to the poor differentiation.

Solitary plasmacytoma of bone is highly sensitive to radi-
ation, and radiotherapy has become the first-line treatment
for most patients at doses of up to 40-50 Gy [32], with excel-
lent local control rates. However, whether surgery and che-
motherapy play an active role in treatment is a long-
discussed topic. In previous studies [4, 23, 33], radiotherapy
alone as the only treatment option is more effective than
both chemotherapy and surgery. Our study showed that
SPB patients treated with radiotherapy had higher overall
survival in both univariate and multivariate analyses
(Figure 4 and Table 2). However, our study also found that
surgery and chemotherapy were not independent prognostic
factors for elderly patients with SPB. Surgery is meaningful
only in log-rank univariate analysis. Shen et al. [8] con-
cluded that surgery plays a vital role in the prognosis of
patients with SPB, and Xie et al. [9] found that surgery might
delay the progression of MM in younger patients with SBP,
who may benefit more from surgical treatment. In this study,
we believed that surgery did not increase survival in elderly
patients with SPB. Currently, the consensus among surgeons

is that once extremity or vertebral bone destruction occurs,
patients with SBP may experience pathological fractures,
extremity instability, vertebral collapse, spinal cord or nerve
root compression, and spinal instability, and early surgery is
recommended for these cases. The objective of early surgery
is to prevent compression of the spinal cord or nerve roots,
to remove the tumor lesion, and to reestablish stability of
the extremities and spine. Therefore, in elderly patients with
SPB, we should perform palliative surgery before radio-
therapy [9] to improve the patient’s quality of life rather
than overall survival. There is evidence that adjuvant che-
motherapy can reduce the risk of progression of SPB to
MM [34]. However, the efficacy of chemotherapy on SPB
is still inconclusive. A prospective study that evaluated
the efficacy of chemotherapy in combination with radia-
tion therapy in 53 patients has concluded that combina-
tion therapy is beneficial for patient survival and disease
progression [35]. Recently Kumar et al. [36] showed that
myeloma is highly correlated with angiogenesis and
reported that targeted agents such as thalidomide are a
new approach to treat SPB. From our Kaplan-Meier
curves, patients using chemotherapy instead had poorer
survival, and we considered that the chemotherapy in
these patients was administered after progression to MM,
which contributed to this result. Therefore, we should
think more about the individual application and the
research and invention of new drugs in the future. In con-
clusion, the correct application for radiotherapy, surgery,
and chemotherapy needs to be validated in future prospec-
tive studies. In addition, we divided the predictive model
into high and low risk using a 96-point cut-oft, which,
combined with the survival curve plots, allowed us to well
assess and interpret the survival prognosis of elderly
patients with SPB. Moreover, patients can also clearly see
their survival trend based on their total scores.
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FiGure 9: Kaplan-Meier survival analysis for both the training cohort (a) and the validation cohort (b).

There are several limitations to this study. First, as a
retrospective study, it inevitably led to a degree of bias
that needs to be further validated in subsequent prospec-
tive studies. Second, we used the same central database
for both internal and external validation, and it would
have been preferable to validate the nomogram using data
from multiple centers to increase its reliability. Third, con-
sidering the lack of laboratory tests, gene expression items,
radiotherapy doses, and surgical methods in the SEER
database, future studies should attempt to include these
factors to create a more effective nomogram of SPB in
the elderly.

5. Conclusions

Age, radiotherapy, and marital status were identified as inde-
pendent prognostic factors for elderly SPB patients, and sur-
gery was excluded. We developed a nomogram for
estimating OS at 1, 2, and 3 years and established a corre-
sponding risk classification system based on 1180 cases
extracted from the SEER database. The nomogram is not
only well discriminated and calibrated but also has strong
clinical application.
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