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Abstract

Background: Spinal diffuse large B-cell ymphoma (DLBCL) was a rare and malignant tumor, while few
studies researched the prognostic factors. The prognostic factors which might have impacts on spinal
DLBCL was not clear. Although chemotherapy was recognized as an optimal treatment method, but the
curative effect of radiotherapy and surgery were controversial. Methods: The records of patients with
spinal DLBCL were selected from the SEER database from 1991 to 2016. The incidence obtained by
database was analyzed by Joinpoint Regression Program. The optimal cut-off values of age and year of
diagnosis were identified by X-tail program. Univariate and multivariate survival analysis were calculated
to identify independent prognostic factors. Prognostic factors were included to predict the survival
possibility compared with 5 years of overall (0OS) and cancer-specific survival (CSS) via the new
nomograms. Results: A total of 917 patients were enrolled. Age, year of diagnosis and chemotherapy
were demonstrated as independent prognostic factors for CSS and OS, and primary site was another
independent prognostic factor for CSS. However, radiotherapy and surgery might be ineffective in
survival. All factors were included to generate the nomograms for CSS and OS. The concordance indices
(C-index) for internal validation of OS and CSS prediction were 0.697 (95%Cl: 0.662-0.732) and 0.709
(95%Cl: 0.692- 0.727) respectively. Conclusions: Age and year of diagnosis are closely associated with
the prognosis of spinal DLBCL, and chemotherapy is an ideal treatment modality. The new nomogram is
a favourable tool to evaluate the survival possibility, and is benefit for the oncologist to make clinical
decisions.

Background

Non-Hodgkin's lymphoma (NHL) has been defined as one that is wholly or mainly confined to anatomic
sites other than lymph nodes.[1, 2] Primary NHL of the bone (PNHLS) is a rare tumor, accounting for
nearly 5% of malignant bone tumors.[3, 4] Primary NHL of the spine was only between 6% and 32% of
PNHLS.[5, 6] Even so, according to World Health Organization (WHO) classification and previous papers,
diffuse large B-cell ymphoma (DLBCL) of spine still was the most common of lymphoma, accounting for
59.8%.[7] To our knowledge, the 5-year and 10-year overall survival (OS) of bone lymphoma were 60.6%
and 44.7% respectively,[3] but the poor prognosis of patients with DLBCL was reported with a 5-year
survival rate of 19.17% and a 10-year survival rate of 3.33%.[8] And the main clinical feature of spinal
DLBCL was nerve compression. Although these patients has been considered to have poor prognosis,[8]
the epidemiological characteristics and therapeutic modalities of spinal DLBCL have not been defined in
detail, and few studies focus on the prognostic factors because of the rarity of DLBCL. Considering the
low incidence and poor prognosis, the study of DLBCL based on a large population is particularly urgent
and meaningful. Fortunately, the Surveillance, Epidemiology, and End Results (SEER) database is such a
large database. Based on the large population, SEER as an integrated database provides complete
information for the study of rare cancers, otherwise the study will be limited by small number of cases.[9,
10]
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The majority of patients with DLBCL occur in thoracic and lumbar spine, while very few DLBCL occur in
cervical spine and sacrum.[10] However, previous studies have shown that primary site were not
associated with survival of patients with lymphoma,[7] and the similar result also have been found in
gastric and sinonasal DLBCL.[11, 12] Age at diagnosis and sex were significantly associated with survival
of patients with lymphoma, while the other literature showed no association.[7, 12] Race was a
significantly vital predictor of survival for patients with cancer,[13] but it seems to be not correlated with
the prognosis of DLBCL.[11, 12, 14] In addition, Ann Arbor stage also might be related to overall or cancer-
specific prognosis for DLBCL. Therefore, the demographic characteristics and tumor features as
prognostic factors must be included in prognostic analysis. Furthermore, although radiotherapy and
chemotherapy both were often used as a routine treatment for DLBCL, the efficacy of radiotherapy for
different site of DLBCL always was not clear. Surgery seemed to play a role on patient prognosis in a
study, but it seemed to have no effect on prognosis in sinonasal DLBCL.[12] We should try to clarify the
curative outcome of various treatment on DLBCL patients.

Therefore, here we selected 917 patients with DLBCL from SRRE database between 1991-2016. The aim
of this study was to display the epidemiologic features, characterize the prognostic factors and further
use the nomograms to predict survival of patients initially diagnosed with DLBCL.

Methods

Data source

All patients with spinal DLBCL were obtained from the National Cancer Institute's SEER program
(https://seer.cancer.gov). The SEER database collected cancer data covering nearly 30% of population in
the United States.[15] We sent the agreement form to the SEER administration, then got permission from
the administrator. Then we acquired the right to obtain the complete information of patients with
personal account from the SEER*Stat 8.3.6 software. All available data in the database were
retrospective, so there was no need to require the Institutional Review Board approval in our study.

Patients selection

From the SEER database, patients diagnosed between 1991 and 2016 were selected by primary spine
(C41.2-C41.4) and DLBCL ([ICD-0-3] 9680). We excluded patients with missing follow-up, then a total of
917 patients with spinal DLBCL were selected. In this study, the event outcomes included overall survival
(0S) and cancer-specific survival (CSS) by specific codes. CSS was considered as the death as a result of
cancer during follow-up, and OS was considered as a result of any cause during follow-up.

Demographic and tumor data from SEER were as follows: age, year of diagnosis, sex (male and female),
race (white and other), primary site (pelvic bones, sacrum, coccyx and vertebral column) and Ann Arbor
Stage (I, Il, lll, IV) were obtained. Subsequently, we differentiate treatment modality according to
radiotherapy (yes and no), chemotherapy (yes and no) and surgery (yes and no).
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Statistical analysis

Age and year of diagnosis both were stratified by the X-tile program (Yale University, New Haven,
Connecticut, USA),[16] which was used to identified the optimal cut-off values of variables through the
minimum P values from log-rank chi-square statistics. Kaplan-Meier (K-M) curves was generated to
describe survival time of population, and log-rank test were used to distinguish the differences between
survival curves simultaneously.

Data including demographic, tumor data and treatments were incorporated in the univariate log rank
analysis for OS and CSS respectively, then statistically significant factors were incorporated in the
multivariate Cox proportional hazards model respectively (15). Hazard ratios (HRs) of variables with 95%
confidence intervals (Cl) were showed for OS and CSS. All statistical analyses were performed using
SPSS v22.0 (Chicago, IL) and R 3.6.1. Two-sided P-values < 0.05 were considered to be significant
statistically.

The joinpoint regression analysis program (version 4.4.0.0 [National Cancer Institute]) was used to
calculate Annual percentage change (APC) and 95% Cls. Compared with zero, the statistical significance
of APCs was determined by t test. In addition, we selected calendar years (joinpoints) to identify the best-
fitting log-linear regression model.[17]

Construction and validation of the nomograms

All factors were included to analyze the association between prognostic factors and OS/CSS respectively
by Cox proportional hazards regression.[18] Subsequently, we generated new nomograms by R software
(version 3.6.1). Heagerty's concordance index (C-index) was calculated to evaluate the predictive
performance of the nomogram.

Results

Baseline characteristics of study population & incidence

The number of 917 patients with spinal DLBCL were identified between 1991 to 2016. The annual age-
adjusted incidence of DLBCL were displayed in Fig. 1. As can been seen, the trend of incidence of all
DLBCL were increased significantly from 1991 to 2003 (APCs: 2.75), and the trend of incidence of spinal
DLBCL also were increased significantly from 1991 to 2005 (APCs: 4.55). However, recently, the trend of
incidence of all DLBCL was relatively steady from 2004 to 2016 (APCs: -0.6), and the trend of incidence
of spinal DLBCL was slightly decreased from 2006 to 2016 (APCs: -3.62). At the same time, the overall
and disease-specific survival curve were showed in Fig. 2.

The mean age of diagnosis was 62.9 years, and the median survival time was 113 months (Table 1). As
for continuous variables, the optimal cutoff value for age and year of diagnosis were calculated with X-
tile. In this study, the optimal cut-off value of age was identified as 65 and 75 Year (Supplement 1 A). The

optimal cut-off value of year of diagnosis was identified as 2009 (Supplement 1 B). Then, an accurate
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grouping was carried out for 0S/CSS (Table 1). In the cohort, white patients, patients with occurred in
vertebral column and patients with first primary spinal DLBCL were the majority of patients.
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Table 1

Baseline characteristics of patients with spinal diffuse large B-cell ymphoma (diagnosed 1991-2016)

Characteristics

Median survival time, months (95% Cl)
Age, y, mean = SD
Sex

Female

Male

Year of diagnosis
1991-2009
2010-2016
Tumor sites
Pelvic bones, sacrum, coccyx
Vertebral column
Race

White

Other

Unknown

Ann Arbor Stage
I

I

I

\Y

Unknown
Chemotherapy
Yes

No

Radiation

Abbreviations: NA, not available

Number of patients

917
917

413
504

583
334

319
598

802
113

472
95
15
272
63

734
183

Survival time, Median (IQR), months

113 (96.9-129.1)
62.9+17.2

104.0 (80.2-127.8)
122.0 (96.8-147.2)

105.0 (87.0-123.0c)
NA

120.0 (87.4-152.6)
112.0 (94.4-129.6)

110.0 (95.3-124.7)
162.0 (100.0-224.0)
NA

120.0 (98.4-141.6)
128.0 (87.7-168.3)
139.0 (0-348.7)
90.0 (59.2-120.8)
NA

140.0 (119.8-160.2)
9.0 (4.75-13.3)
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Characteristics

Yes

No
Surgery
Yes

No

Unknown

Abbreviations: NA, not available

Number of patients

557
360

234
678

Survival time, Median (IQR), months

113.0 (94.9-131.1)
124.0 (90.5-157.5)

128.0 (87.1-168.9)
110.0 (93.7-126.3)
NA

Univariate and multivariate survival analysis for 0OS

Univariate survival analysis for OS revealed that age, year of diagnosis and chemotherapy were important

prognostic factors (Table 2). Multivariate survival analysis for OS revealed that age, year of diagnosis
and chemotherapy were independent prognostic factors (Table 2 & Fig. 3). As can been seen in Fig. 4B,
the K-M survival analysis showed that older patients have significantly worse prognosis than younger
patients (P<0.001). As shown in Fig. 4D, patients diagnosed between 2010 and 2016 were predicted
better outcome than patients diagnosed between 1991 and 2009 (P = 0.030). Furthermore, the treatment
of chemotherapy was an important prognostic factor for 0S. K-M analysis demonstrated the significant
difference between two subsets for OS (P <0.001) (Fig. 4F).
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Table 2
Univariate and multivariate analysis of variables for OS of patients with spinal diffuse
large B-cell lymphoma

Subject Characteristics  Univariate = Multivariate

P value P value OR (95%Cl)

Age of diagnosis ©0.001 ¥0.001

<65 1 (reference)

65-75 10.001  1.978(1.546-2.530)
175 ©0.001  4.296(3.382-5.457)
Sex 0.714

Race 0.329

Year of diagnosis 0.030 0.030

1991-2009 1 (reference)
2009-2016 0.769(0.607-0.975)
Tumor sites 0.258

Ann Arbor Stage 0.204

Chemotherapy 10.001 10.001

yes 1 (reference)

no 1.978(1.546-2.453)
Radiation 0.550

Surgery 0.547

Abbreviations: OS, overall survival

Univariate and multivariate survival analysis for CSS

According to univariate survival analysis for CSS, these variables, including age, sex, year of diagnosis,
primary site and chemotherapy were observed to be associated with prognosis (Table 3). Therefore, all of
these prognostic factors should be included in multivariate survival analysis for CSS. The result
demonstrated that age, year of diagnosis, primary site and chemotherapy were independent prognostic
factors for CSS (P<0.001, P=0.021, P=0.027 and P < 0.001, respectively) (Table 3 & Fig. 3 & Fig. 4).
However, sex has surprisingly no association with the survival of spinal DLBCL (Table 3 & Fig. 3).
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Table 3
Univariate and multivariate analysis of variables for CSS of patients with spinal diffuse large
B-cell lymphoma

Subject Characteristics Univariate  Multivariate

P value P value OR (95%ClI)

Age of diagnosis ¥0.001 ¥0.001

<65 1 (reference)

65-75 10.001 2.094(1.492-2.939)
075 10.001 3.896(2.812-5.398)
Sex 0.048 0.666

Female 1 (reference)

Male 1.061(0.810-1.390)
Race 0.816

Year of diagnosis 0.010 0.021

1991-2009 1 (reference)
2010-2016 0.694(0.508-0.947)
Tumor sites 0.032 0.027

Pelvic bones, sacrum, coccyx 1 (reference)
Vertebral column 1.374(1.038-1.821)
Ann Arbor Stage 0.204 0.805

Chemotherapy ¥0.001 ¥0.001

Yes 1 (reference)

No 2.513(1.873-3.370)

Radiation 0.941

Surgery 0.994

Abbreviations: CSS, cancer-specific survival; NA, not available

Construction and validation of the nomograms for 0S/CSS

Nomograms were constructed for predicting the survival rate of 0S/CSS (Fig. 5). According to the
nomogram, the value of an individual patient could be located on each variable axis (Red points in
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Fig. 5). Then a line would be drawn upward to match a value of point received for every variable value.
The sum of all values was located on the total points axis, and a line would be downward to the survival
axes to determine the probability that the patient's survival time was less than 5 years (60 months). In
addition, the area of blue boxes and yellow area in Fig. 5 showed the number of patients. In the internal
validation set, the concordance indices (C-index) for internal validation of OS prediction were 0.697
(95%Cl: 0.662-0.732), and C-index for internal validation of CSS prediction were 0.709 (95%Cl: 0.692-
0.727).

For example, we selected a 57-year-old, married white female with stage IV and first primary tumor of
vertebral column, and he received surgery therapy. His total points for CSS was 589, and the probability of
survival time less than 5 year is 0.467. Besides, his total points for OS was 549, and the probability of
survival time less than 5 year is 0.491.

Discussion

DLBCL is the most common subtype of spinal lymphoma, thus it is vital to understand the epidemiology,
prognosis and survival prediction of DLBCL. In this study, 917 cases with baseline information were
included into the survival analysis. Because of the data based on the large population, we were able to
get the incidence trend and calculate the APC from 1991 to 2016. The trend of all and spinal DLBCL both
were increased significantly from 1991 to 2003, while the amplitude of decrease of all DLBCL was not
significant in the last ten years. Thus, it is vital and possible to research the prognostic factors and
predict the survival possibility of the individual patient by new nomograms.

Despite of the increased incidence, it is delightful that the OS and DSS of spinal DLBCL significantly
improved in 2010 to 2016 when compared to 1991 to 2009, suggesting that with current lifestyle and
medical conditions, the survival is optimistic in recent years. Except for improving medical care and
finance,[19] reducing the incidence of the tumor by intervening independent prognostic factors was also
essential. In our study, except for year of diagnosis, we demonstrated age of diagnosis and
chemotherapy were significantly associated with the prognosis for OS and CSS, primary site was
significantly associated with the prognosis for CSS.

To our knowledge, age was were vital and risk factors for patient with DLBCL in other primary sites.[8, 9,
12, 14] As expected, younger age had more favorable survival than older age in both univariate and
multivariate survival analysis, and the optimal cutoff value was identified as 65 year and 75 year. The K-
M survival analysis demonstrated that older age was associated with worse prognosis for CSS and OS,
with patients more than 75 years having significantly worse prognosis than patients with between 66 and
75 years, with patients under 65 years having better prognosis than patients with between 66 and

75 years.

Han et al reported that sacrum was the rarest primary site.[20] This was represented in this population. In
addition, this study showed primary site have significant association with prognosis for CSS, with DLBCL
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occurred in pelvic bones, sacrum and coccyxy having better prognosis. Thus, paying more attention to
patients with spinal DLBCL occurred in vertebral column is necessary.

Ann Arbor Stage as commonly staging metric for ymphoma was utilized for DLBCL. In this study, the
largest number of patients with recorded staging were those diagnosed stage |, followed by stage IV and
I, which was consistent with the previous papers.[12, 21] Race diversity in cancer patients still existed.
Black men were diagnosed with more advanced than other races, and might have worse in US.[22] In
addition, sex as baseline characteristics often were considered as independent prognostic factors in
different bone tumors.[12, 13, 23] Except for above baseline characteristics, it is intuitive and possible
that the survival time of patients with first primary larger than patients with secondary primary or more.
Thus, these factors must be taken into account in the survival analysis. Surprisingly, race, sex, and Ann
Arbor Stage were observed no association with the prognosis of OS/CSS in univariate survival analysis.
Of course, these factors were not deserved to be included into multivariate survival analysis.

As we all know, DLBCL as one of hematological malignancies, chemotherapy was an optimal treatment.
Han et al reported that the majority of patients should receive chemotherapy except individuals whose
survival time was too short to receive treatment.[20] Flouzat-Lachaniette et al demonstrated that
chemotherapy for DLBCL could significantly shrink the epidural tumor volume.[24] Furthermore, radiation
also might be alternative treatment for patients with DLBCL. Peng et al thought the combination of
chemotherapy and radiotherapy could efficiently relieve nerve root and spinal cord compression.[25]
Several clinicians suggested that the outcome of combination treatment was better than patients treated
with radiation or chemotherapy alone. However, the curative effect of radiation lacked statistical support.
Considering DLBCL was malignant and aggressive cancer, Han et al observed that surgical
decompression significantly improved recovery from neurological deficit.[20] This view was supported by
Wang et al, the study showed the 5-year OS rates of patients treated by surgery plus chemotherapy and
those received chemotherapy alone were 80.1% and 49.8% respectively.[12] However, Binn et al found
there was no significant difference between surgery combined chemotherapy and chemotherapy alone.
[26], and even Peng et al considered that decompression surgery had negative impact on prognosis.[25]
In our study, based on a large population, we first pointed out that chemotherapy, not surgery and
radiation, was the independent prognostic factor for spinal DLBCL. In another word, chemotherapy have
favorable curative effect on patients, but radiation alone or surgery alone was not associated with the
treatment outcome.

By multivariate analysis, new homograms have been generated to predict individual survival possibility
for that it could integrate all prognostic-related factors and could comprehensively evaluate the
cumulative effects of factors on tumor patients. In addition, the new nomogram not only could compare
the individual's survival time with the 5-year survival (60 months), but also revealed the population
propensity in different subgroups and the distribution of prognosis, which was different from traditional
nomogram. For example, we gave one case to display. Furthermore, the C-index and 95%CI for CSS and
OS showed the ideal validation of survival prediction.
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Of course, several limitations existed in the present study. Firstly, because of limitation of the SEER
database, some basic information was not enrolled, including smoking, body mass index, family history.
Secondly, we only could obtain the rough treatment. Detail surgical methods and chemotherapy and
radiation protocol were not able be acquired. Thirdly, several selection bias might exist in the retrospective
trial because of its inherent flaws.

Conclusions

Spinal DLBCL is a rare aggressive tumor, mainly in male white patients with stage I in vertebral column.
Younger age, year of diagnosis and chemotherapy are closely associated with the favorable prognosis for
OS. Primary site vertebral column predicts better prognosis for CSS. Surgery and radiation are not an
efficient treatment modality. Nomogram is an ideal tool to predict the survival possibility, and is benefit
for oncologist to make clinical decisions.
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Supplemental Figure

Supplement 1. The optimal cut-off values of age (A) and year of diagnosis (B) were identified by X-tail
program.
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Figure 1

Incidence trend of all (A) and spinal diffuse large B-cell lymphoma (B) between 1991 and 2016. Annual
age-adjusted incidence (per 1000000) is illustrated. Abbreviation: APC, annual percentage change;
DLBCL, diffuse large B-cell lymphoma
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Figure 2

Kaplan—Meier analysis of overall (OS) and cancer-specific survival (CSS).
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A

Study
ID

Age*
<65
66-75
>76

Year of diagnosis*

ES (95%CI)

1
1.978(1.546-2.530)

4.296(3.382-5.457)

1991-2009 1

2009-2016 it 0.769(0.607-0.975)

Chemotherapy*

Yes 1

No 1.977(1.592-2.453)
1 1
0 6

B

Study

ID ES (95%CI)

Age*

<65 1

66-75 2.094(1.492-2.939)

=176 3.896(2.812-5.398)

Sex

Female 1

Male 1.061(0.810-1.390)

Year of diagnosis*
1991-2009
2009-2016

Primary site*

Pelvic bones,
sacrum, coccyx

Vertebral column

1
0.694(0.508-0947)

1
1.374(1.038-1.821)

Chemotherapy*
Yes 1
No 2.513(1.873-3.370)
I |
0 6
Figure 3

95% confidence interval of variables by multivariable regression analysis for overall survival (A) and
cancer-specific survival (B) of spinal diffuse large B-cell lymphoma (diagnosed 1991-2016)

Page 17/20



A
CSS for patients stratified by age

— <65
— 6675

100

—_ >75
= 80 ——
2
2 g0
»
= The
o 404
g
)

o 20+
P<0.001
0 T T T T T 1
0 20 40 60 80 100 120
C Survival months

CSS for patients stratified by year of diagnosis

100 —— 1991-2009
E —=—  2010-2016
= 80
2
§ 60
w
bt
& 40-
I
O
o 204
P=0.030
0 T T T 1
0 20 40 60 80
Survival months
E
CSS for patients stratified by chemotherapy
100- o ves
= No
w 80
2
§ 60
w
s
o 404
=4
[
o 204
P<0.001
0 1 I 1 1 I 1
0 20 40 60 80 100 120
Survival months
G

CSS for patients stratified by primary site

100 )
=== Pelvic bones, sacrum, coccyx
—=— Vertebral column
80—

60+

40

Percent survival

204

=0.032
0 T T T T T 1
0 20 40 60 80 100 120

Survival months

Figure 4

OS for patients stratified by age
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Survival analysis of cancer-specific survival among patients with spinal diffuse large B-cell ymphoma
was stratified by age (A), year of diagnosis (C), chemotherapy (E) and primary site (G). Survival analysis
of overall survival among patients with spinal diffuse large B-cell ymphoma were stratified by age (B),
year of diagnosis (D) and chemotherapy (F). Abbreviation: CSS, cancer-specific survival; OS, overall
survival
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Figure 5

Nomograms were used to predict survival of patients with spinal diffuse large B-cell lymphoma for
cancer-specific survival (A) and overall survival (B).
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