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Background: Primary intramedullary spinal cord lymphoma (PISCL) is a rare cause of myelopathies. Considering its poor prog-
nosis, it is essential to determine the appropriate treatment strategies and to develop nomograms to predict
survival outcome for PISCL patients.

Material/Methods: Data were collected from the Surveillance, Epidemiology and End Results (SEER) database. We used 364 pa-
tients to investigate overall survival (OS) and 289 patients for cancer-specific survival (CSS). Kaplan-Meier meth-
od was to evaluate correlations of survival with different treatment strategies and clinicopathologic factors.
Univariate and multivariable analyses were conducted to assess OS and CSS based on different variables. Risk
factors were integrated to build nomograms.

Results: Most of the 414 PISCL patients diagnosed with positive histology had diffuse B cell lymphoma, were under
60 years old, were male, were of white race, had 1 primary tumor, were married, were low stage, and had pre-
viously undergone chemotherapy. We found that radiation therapy had no effect on patient OS and CSS, and
patients receiving chemotherapy alone tended to have better OS and CSS in comparison with other groups.
In addition, we showed that clinicopathologic factors, including histologic type, age, stage, and marital status,
could serve as independent prognostic factors for PISCL patient OS and CSS. These factors were utilized to con-
struct nomograms. The calibration curves demonstrated good agreement. The concordance indexes for OS and
CSS were 0.672 (P=0.024) and 0.683 (P=0.029), respectively.

Conclusions: Practical nomograms were established for patients’ OS and CSS. Besides, this study can guild clinician to make
the right decision for appropriate treatment of PISCL patients.

MeSH Keywords: Chemotherapy, Adjuvant ¢ Drug Therapy ¢ Lymphoma ¢ Nomograms e Survival Analysis
Abbreviations: PISCL - primary intramedullary spinal cord lymphoma; SEER - the Surveillance, Epidemiology and End
Results; OS - overall survival; CSS - cancer-specific survival; DSW — divorced/separated/widowed;
AI/AN - American Indian/Alaska Native; Pl — Asian/Pacific Islander; NOS — not-otherwise-specified;

K-M - Kaplan-Meier; HR — Hazard ratio; 95% Cl — 95% confidence interval
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CLINICAL RESEARCH

Primary intramedullary spinal cord lymphoma (PISCL) is a rare
myelopathy which accounts for 1% of all central nervous sys-
tem lymphomas [1]. Considering the few published case re-
ports of this disease, the clinical features of PISCL are un-
clear, resulting in complicated diagnosis and delayed therapy.
In some cases, diagnosis of this disease is not confirmed un-
til an autopsy is performed [2,3].

From 1980 to present, there have been a total of 394 cases of
PISCL recorded in the literature[1-29]. Among these studies,
the study conducted by Flanagan et al. reported 14 PISCL pa-
tients with 2-year survival of 36% [1], which indicates a high
overall morbidity and infrequent long-term survival. Yang et al.
conducted a population-based study of 346 PISCL patients
using the Surveillance, Epidemiology, and End Results (SEER)
database. They found that the clinicopathologic factors age,
marital status, race, tumor stage, tumor histology, and year
of diagnosis were correlated with PISCL patient survival out-
come [30]. However, there has been no study developing a
clinical nomogram for PISCL patient prognosis. The poor prog-
nosis of PISCL patients suggests the need to construct nomo-
grams for patient OS and CSS.

In this study, we aimed to develop practical nomograms for
the survival outcome of PISCL patients by utilizing the SEER
database. We also evaluated the effect of different therapeu-
tic strategies on PISCL survival.

Material and Methods

Study design and patient selection

Patients were selected from the SEER database from 1973 to
2015, released in April 2018. The SEER database is a prospec-
tive public-use dataset containing patient-level clinical data
from a total of 18 population-based cancer registries. As the 18
registries account for approximately 28% of the United States
population, they are able to represent the overall population.
The SEER database contains clinical, pathological, demographic,
therapeutic, and outcome data.

As demonstrated in Figure 1, patients initially diagnosed with
primary lymphoma of the spinal cord from the first day of
1973 to the last day of 2015 were included for analysis (C72.0).
Patients with positive histology and known data were select-
ed for further investigation. Overall survival (OS) was assessed
based on analysis of 364 patients. After excluding 50 patients
who died due to other causes, there were 289 patients as-
sessed for cancer-specific survival (CSS).

Spinal cord lymphoma patients
initially diagnosed between 1973-2015,
(N=454)

Diagnosed by cytology or other
(n=40)

Positive histology
(N=414)

Diagnosed by autopsy or via death
certificate (n=0)
Active follow-up
(N=414)

l—»

Patients with known
clinicopathological data

(N=364) (05)
Death from other reasons
& (N=75)
Patients with known
clinicopathological data
(N=289) (CSS)

Unknown data
(N=50)

Figure 1. Consort diagram of the study population.
Study variables

There were 9 variables included for analysis: age, sex, first
malignancy or not, marital status, race, histologic type, stage,
radiation therapy, and chemotherapy. Age was divided into 2
groups: <60 and >60 years old. Marital status was categorized
into 3 categories: divorced/separated/widowed (DSW), married,
and single. Race was divided into 4 groups: white, American
Indian/Alaska Native (Al/AN), black, and Asian/Pacific Islander
(P1). The Ann Arbor Stage was utilized for staging of lympho-
ma in the SEER database and was divided into stage I-Il and
stage IlI-IV. The histologic types of PISCL were defined by the
International Classification of Disease for Oncology (3" edi-
tion) and included diffuse B cell lymphoma (9680), follicular
lymphoma (9690-9691, 9695, 9698), other B cell lymphoma
(9670-9671, 9675, 9684, 9687, 9699, 9731), precursor cell lym-
phoma (9727-9728), and other or not-otherwise-specified (NOS)
lymphoma [30]. Radiation therapy and chemotherapy were the
main treatment strategies for PISCL patients, while surgery is
not a conventional treatment method for PISCL. Therefore,
radiation therapy and chemotherapy were included for anal-
ysis while surgery was excluded from the analyzed variables.

Construction and validation of the Nomogram

Kaplan-Meier (K-M) analysis was performed to make compari-
sons of survival duration of OS and CSS between different vari-
able groups of PISCL patients. The log-rank test was utilized
to assess the OS and CSS differences between different vari-
able groups. The independent prognostic factors for PISCL pa-
tients were determined by conducting multivariable analyses
with Cox proportional hazard regression. Based on the results
of multivariable analyses, nomograms were constructed using
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Table 1. Basic characteristics of spinal cord lymphoma patients.

Characteristic pa::;lts (%')!/art;:ge
Total [n (%)] 414 (100)
o dusln sl go e
Age at diagnosis, years
"""" <o) 214 @70
"""" 60l 20  (530)
Chemotherapyln (9]
e 285 617)
N 129 (@83
Radiationfn &l
Yes 162 @o1)
N %2 ©09)
Csextneel
Cmale %8 623
Cfemale 156 6r7)
Radio-chemo-therapy[n (9]
Radiochemo-therapy 06 (256)
Chemotherapy 79 @33
Radiation 56 135
N 3 a7e)
Racefethnictyln 6]
Cwhie 39 ©67)
CaAN 5 w2
Black 34 (8.2)
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Characteristic pa::;l - % ')!/art;:ge
Asian/PI 15 (3.6)
Unknown o 03
Fistmalignantn 8l
e %8 @89)
N w6 aLy
Martalstatuso ]
Mared 33 (63
osw B 18s)
CSinge n (220
Unknown 2 29)
Cstagefneel
Cstagern 26 570
Cstagemev 90 (338)
Unknown s 02
Histologictypeln (8]
Diffuse Bcell ymphoma 94 468
Follicular ymphoma w 14
Other Bcell lymphoma o 155
Precursor cell ymphoma s 12
otherornos 04 251
Csunivalstatusfn 0]
A 186 (@s9)
Dead 28 (51

Unk —unknown; Al — American Indian; AN - Alaska Native; Pl — Pacific Islander; DSW — divorced/separated/widowed;

NOS - not-otherwise-specified.

R package rms version 5.1-2. Then, the nomogram was vali-
dated by evaluating its discrimination and calibration. A con-
cordance index (C-index) was used to evaluate the discrimina-
tion. A calibration curve was calculated by comparing the mean
expected survival rate with the mean observed survival rate.

Statistical analysis

SEER*Stat Software version 8.3.5 was used to collect primary data
in the SEER database. Two-tailed P values less than 0.05 were
considered statistically significant. All of the analyses were per-
formed using R software version 3.5.1 (https://www.r-project.org/).

Results

Basic characteristics of PISCL patients

As demonstrated in Table 1, there were 414 PISCL patients di-
agnosed with positive histology. The median duration of surviv-
al time was 40 months. Most patients tended to be: younger
than 60 years old (n=214,%=47.0), male (n=258,%=62.3), white
race (n=359,%=86.7), with 1 primary tumor (n=368,%=88.9),
and married (n=233,%=>56.3). For the histologic types of
PISCL, most of the population had diffuse B cell lymphoma
(n=194,%=46.8), which was much more prevalent than T cell
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Figure 2. Kaplan-Meier analysis of overall survival (top) and cancer-specific survival (bottom) for PISCL patients according
to (A, F) histologic type, (B, G) stage, (C, H) age, (D, I) marital status, and (E, J) race. DBL — diffuse B cell lymphoma;

FL - follicular lymphoma; OBL - other B cell lymphoma; NOS — not-otherwise-specified; PCL — precursor cell lymphoma;
DSW - divorced/separated/widowed.
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A
Factors HR 95% Cl 4
Histologic type
FLvs. DBL 0.440 0.235-0.823 0.010 —_—
OBL vs. DBL 0.940 0.624-1.415 0.767 — 00—
Others/NOS vs. DBL 1.315 0.939-1.843 0111 —a—
PCLvs. DBL 0.368 0.051-2.644 0.321 =
Gender (male vs. female) 1.013 0.755-1.360 0.929 —a—
Stage (lll-IV vs. 1-11) 1.254 0.936-1.680 0.130 ——
Radiation (yes vs. no) 1.061 0.794-1.418 0.689 —.—
Chemotherapy (yes vs. no) 0.688 0.509-0.930 0.015 —a—
Therapy
Chemotherapy vs. no 0.560 0.375-0.837 0.005 —a—
Radiation vs. no 0.756 0.463-1.234 0.264 —a
Radio-and-chemo-therapy vs. no 0.669 0.437-1.024 0.064 —a—
First malignant (yes vs. no) 0.656 0.419-1.028 0.066 —_—
Age (>60 vs. <60) 2.650 1.953-3.595 <0.001 ——
Race
Asian/Pl vs. Al/AN 2257 0.487-10.453 0.298 _ 0
Black vs. Al/AN 1.084 0.249-4.725 0.914 _ 0
White vs. Al/AN 1.197 0.296—4.836 0.801 B —
Marital status
Married vs. DSW 0.447 0.318-0.629 <0.001 —a—
Single vs. DSW 0.432 0.281-0.665 <0.001 —a
FTTTTTTTTTT
0.088 0.250  0.707  2.000
HR (95% Cl)
B
Factors HR 95% Cl P
Histologic type
FLvs. DBL 0.452 0.240-0.852 0.014 —_—
OBL vs. DBL 1.015 0.663—1.552 0.946 —
QOthers/NOS vs. DBL 1.289 0.902-1.841 0.164 ——
PCL vs. DBL 0.564 0.076-4.213 0.577 o
Gender (male vs. female) 1.265 0.925-1.731 0.141 —0—
Stage (Ill—IV vs. 1-11) 1.363 1.003-1.853 0.048 —a—
Radiation (yes vs. no) 0.705 0.419-1.186 0.188 _—
Chemotherapy (yes vs. no) 1.026 0.631-1.669 0.917 —_——
Therapy
Chemotherapy vs. no 0.594 0.316-1.118 0.107 —_—
Radiation vs. no NA-NA
Radio-and-chemo-therapy vs. no NA-NA
First malignant (yes vs. no) 0.840 0.528-1.335 0.460 — e
Age (>60 vs. <60) 2367 1.661-3.373 <0.001 —a
Race
Asian/Pl vs. Al/AN 1.303 0.267-6.349 0.743 -
Black vs. Al/AN 0.789 0.176-3.530 0.757 =
White vs. Al/AN 0.606 0.143-2.573 0.497 =
Marital status
Married vs. DSW 0.536 0.370-0.776 0.001 —a—
Single vs. DSW 0.652 0.395-1.077 0.095 —_—
L L L
0.088 0.250 0.707 2.000
HR (95% Cl)

Figure 3. Univariate analysis (A) and multivariable analysis (B) of clinicopathologic factors of overall survival. DBL — diffuse B cell
lymphoma; FL — follicular lymphoma; OBL — other B cell lymphoma; NOS - not-otherwise-specified; PCL — precursor
cell lymphoma; Al = American Indian; AN — Alaska Native; Pl = Pacific Islander; DSW — divorced/separated/widowed;
NOS - not-otherwise-specified.

lymphoma. Most of the patients were Ann Arbor Stage I-lI categories according to radiation therapy and chemotherapy:
(n=236,%=57.0). There were 285 patients (51.7%) who under-  a combined radiation therapy and chemotherapy (radio-chemo-
went chemotherapy and 162 patients (39.1%) who underwent  therapy) subgroup (n=106,%=25.6), a chemotherapy alone
radiation therapy. To assess the influence of different treat- group (n=179,%=43.3), a radiation therapy alone subgroup
ment strategies on OS and CSS, we regrouped patients into 4 (n=56,%=13.5), and a no radiation therapy or chemotherapy
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A
Factors HR 95% (I P
Histologic type
FLvs. DBL 0.387 0.166-0.904 0.028 —_—
OBL vs. DBL 1.286 0.777-2.130 0.328 —a—
Others/NOS vs. DBL 1.652 1.070-2.550 0.023 —a—
PCLvs. DBL 0.566 0.078-4.105 0.574 —a—
Gender (male vs. female) 1.040 0.708-1.526 0.842 —a
Stage (II1-1V vs. I-11) 1393 0.960-2.022 0.081 —a
Radiation (yes vs. no) 1309 0.903-1.899 0.155 —a
Chemotherapy (yes vs. no) 0.680 0.462-1.003 0.052 —
Therapy
Chemotherapy vs. no 0.543 0.320-0.921 0.023 —a—
Radiation vs. no 0.888 0.473-1.667 0.7M —a—
Radio-and-chemo-therapy vs. no 0.821 0.476-1.418 0.480 —a—
First malignant (yes vs. no) 27029829.306 0-Inf 0.993
Age (>60 vs. <60) 1.987 1.364-2.894 <0.001 —a
Race
Asian/Pl vs. Al/AN 1.559 0.302-8.040 0.59 _ 0
Black vs. Al/AN 1.080 0.241-4.830 0.920 _
White vs. Al/AN 0.945 0.233-3.843 0.937 —_—
Marital status
Married vs. DSW 0.434 0.274-0.690 <0.001 —a—
Single vs. DSW 0.457 0.264-0.789 0.005 —a—
TTTTTTTTTI
0.088 0354 1410
HR (95% Cl)
B
Factors HR 95%(l P
Histologic type
FLvs. DBL 0.362 0.153-0.854 0.020 —a
OBL vs. DBL 1.145 0.678-1.931 0.612 —a—
Others/NOS vs. DBL 1.556 0.978-2.476 0.062 —a—
PCLvs. DBL 0.688 0.090-5.272 0.719
Gender (male vs. female) 1.364 0.902-2.063 0.141 —
Stage (II1-1V vs. I-11) 1.551 1.042-2.309 0.031 —a—
Radiation (yes vs. no) 1.033 0.522-2.046 0.926 —
Chemotherapy (yes vs. no) 0.853 0.453-1.606 0.622 —a
Therapy
Chemotherapy vs. no 0.791 0.340-1.836 0.585 —a—
Radiation vs. no NA-NA
Radio-and-chemo-therapy vs. no NA-NA
First malignant (yes vs. no) 35697345.938 0—Inf 0.993
Age (>60 vs. <60) 1.981 1.296-3.030 0.002 —
Race
Asian/Pl vs. AI/AN 1.059 0.192-5.843 0.947 _—
Black vs. Al/AN 0.850 0.181-4.000 0.837 _—
White vs. Al/AN 0.581 0.134-2.526 0.469 _
Marital status
Married vs. DSW 0.422 0.252-0.709 0.001 —a—
Single vs. DSW 0.491 0.258—0.933 0.030 —a—
TTTTTTTTTT
0.088 0354 1410
HR (95% Cl)

Figure 4. Univariate analysis (A) and multivariable analysis (B) of clinicopathologic factors of cancer-specific survival. DBL — diffuse
B cell lymphoma; FL — follicular lymphoma; OBL — other B cell lymphoma; NOS — not-otherwise-specified; PCL — precursor
cell lymphoma; Al = American Indian; AN — Alaska Native; Pl = Pacific Islander; DSW — divorced/separated/widowed;

NOS - not-otherwise-specified.

subgroup (n=73,%=17.6). The demographic characteristics of ~ Survival analysis of demographic, pathological, and clinical
therapy subgroups for spinal cord lymphoma patients are ex- variables
hibited in Supplementary Table 1.
The K-M analysis indicated that follicular lymphoma type
(Figure 2A, 2F), younger age (Figure 2C, 2H), and married and
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Figure 5. Kaplan-Meier analysis of overall survival (top) and cancer-specific survival (bottom) for PISCL patients according to
(A, D) chemotherapy vs. no treatment, (B, E) radiation therapy vs. no treatment, and (C, F) radio-chemo-therapy vs. no

treatment.

single patients (Figure 2D, 2I) were found associated with longer
survival for both OS and CSS (P<0.05). In the K-M analysis, there
was no significant difference between stage I-Il and stage IlI-IV
for OS or CSS (Figure 2B, 2G), but the race variable was signifi-
cantly different on OS but not CSS (Figure 2E, 2J). Then, the uni-
variate analysis for each variable was conducted. The univariate
analysis for subgroups of some variables was consistent with
the K-M analysis. However, sex, stage, and race did not make
a significant difference in the univariate analysis for OS or CSS
(Figures 3A, 4A). The multivariable regression model demon-
strated that follicular lymphoma type [Hazard ratio (HR)=0.452,
95% confidence interval (95% Cl)=0.24-0.852, P=0.014], stage
-1V (HR=1.363, 95% Cl=1.003-1.853, P=0.048), older age
(HR=2.367, 95% Cl=1.661-3.373, P<0.001), and married status
(HR=0.536, 95% Cl=0.37-0.776, P=0.001) could serve as inde-
pendent prognostic factors for PISCL patient OS (Figure 3B).
The multivariable analysis for CSS showed that follicular lym-
phoma type [HR (hazard ratio)=0.362, 95% Cl (confidence in-
terval)=0.153-0.854, P=0.02], stage IlI-IV (HR=1.551, 95%
(C1=1.042-2.309, P=0.031), older age (HR=1.981, 95% Cl=1.296—
3.03, P=0.002), being married (HR=0.422, 95% Cl=0.252-0.709,

P=0.001), and being single (HR=0.491, 95% CI=0.258-0.933,
P=0.03) were able to independently predict patient progno-
sis (Figure 4B).

Survival analysis of different treatment strategies

Considering the poor prognosis for PISCL patients, we further
assessed the influence of different treatment strategies on
0S and CSS. The radiation therapy demonstrated no effect
on OS and CSS in the univariate and multivariable analysis
(Figures 3, 4). Patients who underwent chemotherapy exhib-
ited better survival outcomes of OS and CSS in the univariate
analysis, but no significant differences were observed in the
multivariable analysis (Figures 3, 4). The K-M analysis indicated
that patients who only underwent chemotherapy had a better
0S and CSS than those who did not receive either chemother-
apy or radiation therapy (Figure 5A, 5D). In accordance with
the results of univariate analysis, patients who only under-
went radiation therapy did not show a survival benefit com-
pared with those not receiving either therapy (Figure 5B, 5E).
Interestingly, we found that the OS and CSS of PISCL patients
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Figure 6. Kaplan-Meier analysis of overall survival (top) and cancer-specific survival (bottom) for PISCL patients according to
(A, €) chemotherapy alone vs. radiation therapy alone vs. radio-chemo-therapy vs. no treatment and (B, D) chemotherapy

alone vs. radio-chemo-therapy vs. no treatment.

receiving both chemotherapy and radiation therapy was not
significantly different from those not receiving both therapies
(Figure 5C, 5F). Finally, the comparison of combined radiation
therapy and chemotherapy, chemotherapy alone, radiation
therapy alone, and no radiation therapy or chemotherapy on
survival outcome was performed. The patients who only re-
ceived chemotherapy were more likely to have better OS and
CSS compared with other groups, as shown in Figure 6A-6D.

Construction and validation of a nomogram for OS and CSS

The significant independent prognostic factors — histologic type,
age, stage, and marital status — were used to construct a no-
mogram for OS and CSS, as shown in Figure 7A and Figure 7C.
The nomogram exhibited that histology type made the larg-
est contribution to survival outcome, followed by age, marital

status, and stage. Factors in these variables were assigned a
score. Each patient’s probability of survival was calculated by
accumulating scores for every variable. Then, the nomogram
was validated using calibration plots and Harrell’s C-index.
The calibration plots demonstrated the predicted 5-year 0OS
and CSS closely corresponded with the observed OS and CSS
(Figure 7B, Figure 7D). The C-index for established nomograms
predicting OS was 0.672 (P=0.024) and the C-index to predict
CSS was 0.683 (P=0.029).

Discussion

Considering the unclear pathological features of PISCL, we
performed the largest retrospective study on PISCL patients
using the SEER database to construct a nomogram to predict

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

Wu Q etal:
Nomogram of intramedullary spinal cord lymphoma
© Med Sci Monit, 2019; 25: 7418-7429

A B
. 0 10 20 30 40 50 60 70 80 90 100
Points n n A i A h h A h !
Stage Stage llI-IV
Stage -l 0.9 T T T T T
A >‘60
% <60 £ 084 T
[ DBL = T
Histologic type —L T L d g 074 /
FL O0BL Others/NOS =
Single £
Marital status r L 1 3 064
Married DSW fg )
Total points r r r T T T T T T T T T T T ! E 057
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 £ /
E 044 —
Linear predictor r T T T T T T T T T T T T T T d T
-16 -14 -12 -10 -08 -06 -04 -02 00 02 04 06 08 10 12 14 < 1
2 031
1-year survival probability r T T T T T T — T °
0.90 0.85 0.80 075 070 0.65 0.60 0.5 0.50 0.450.40 0.35 024
3-year survival probabilit 0?2 0f3 0{4 DTS 0{6 Ol.7 DI.B
¢ i 09 08 07 06 05 04 03 02
Predicted 5-year survival probability
5-year survival probabili r T T T T T T d
0.9 08 0.7 0.6 0.5 04 03 0.2
0 10 2 30 40 50 60 70 80 90 100
Points L ! ) ) h h ’ h ) h 1
S Stage lll-1V
tage
¢ Stage Il 1.0 T AL I I A T
>60
foe <60 2 09
| P 0BL =
Histologic type r T 1 2 084 I
sl DBL Others/NOS - ] 1
ingle £
Marital status r . ] z 074 7
Martied osw z /I
I
Total points r T T T T T T T T T T T 1 & 064
0 20 40 60 80 100 120 140 160 180 200 20 240 %
E 05
Linear predictor T T T T T T T J 2
-20 -15 -1.0 -0.5 0.0 0.5 1.0 15 20 <
2 044
1-year survival probability r T T T T T T J <
09 08 07 0.6 05 04 03 02 034
3-year survival probability r T T T T T T T J 0!3 gf4 ()!5 0:(, g'] 0{8 0'.9
0.9 0.8 0.7 0.6 0.5 04 03 0.2 0.1
Predicted 5-year survival probability
5-year survival probability r T T T T T T T J
09 0.8 07 06 05 04 03 02 0.1

Figure 7. The nomogram predicted the probability survival of 1-year, 3-year and 5-year OS and CSS in PISCL patients. (A, C) Prognostic
nomogram including tumor stage, age, histologic type, and marital status estimated probability survival of 1-year, 3-year, and
5-year; (B, D) Calibration curves of the prognostic nomogram for OS and CSS.

the survival outcome of PISCL patients. Different treatment
strategies were assessed to provide guidelines for treatment.

The established nomograms in our study can supply a quanti-
fiable prediction for each patient’s OS and CSS, since the no-
mograms can easily incorporate significant prognostic factors.
Nomograms are a very powerful tool for facilitating individual-
ized clinical predictions and can help in developing treatment
strategies. To the best of our knowledge, our study is the first
to develop nomograms for PISCL patients. These nomograms
can help to further subgroup patients according to their ho-
mogeneous prognosis, which enables clinicians to evaluate a
variety of parameters more objectively and accurately so as
to clearly interpret clinical trial outcome.

In our baseline investigation of PISCL, we found PISCL is a
malignancy that tends to occur in young men of white race,
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with a median survival time shorter than 3.5 years. As PISCL
is a rare disease with delayed diagnosis, this may help physi-
cians to diagnose this disease [1]. Our study found that radi-
ation therapy had no benefit for OS and CSS, which is in ac-
cordance with the study of Yang et al. [30]. This may be due
to the severe neurotoxicity caused by radiation therapy. PISCL
is a subtype of primary CNS lymphoma. Abrey et al. found
that delayed neurotoxicity is common in older patients with
primary CNS lymphoma who received radiation therapy [31].
Interestingly, we found that patients only receiving chemother-
apy had better OS and CSS compared with other treatment
strategies. DeAngelis et al. found improved survival outcome
with the combination of chemotherapy plus radiation ther-
apy compared to radiation therapy alone [32]. Our study is
the first to find that chemotherapy alone is superior to com-
bined therapies and radiation therapy in improving PISCL pa-
tient OS and CSS. Sandor et al. reported that chemotherapy
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alone can achieve optimal response and survival for primary
CNS lymphoma [33]. Despite the fact that both chemothera-
py and radiotherapy have changed enormously, the optimal
treatment method for PISCL has not been fully elucidated
because of the rarity of the disease. Considering the variety
of treatment strategies for PISCL, our investigation can help
guide clinicians in making the right decision regarding treat-
ment of PISCL patients.

Our investigation also found several variables associated with
PISCL patients’ OS and CSS in the multivariable analysis, includ-
ing histologic type, stage, and marital status. Interestingly, we
showed married patients were more likely to have a good sur-
vival outcome than those who were widowed or divorced, per-
haps because married patients have better health insurance
status, receive psychological support from family, and have bet-
ter neighborhood socioeconomic status compared to widowed
or divorced patients. Our investigation also confirmed the ac-
curacy of Ann Arbor Stage for lymphoma, since low-stage pa-
tients had better OS and CSS.

Several limitations of our study should be considered. The SEER
database does not provide detailed diagnostic and treatment

information on PISCL patients. This study was limited by its

Supplementary Data

CLINICAL RESEARCH

retrospective nature, causing inevitable bias. Future investi-
gations utilizing prospective data are needed to validate the
results of our investigation. Furthermore, the SEER database
may cause geographic bias, although it contains patients from
17 registries in the United States. Last but not least, due to
the limited number of cases, there was bias in subgroups of
patients. Nevertheless, we are now collecting the clinical in-
formation, other biomarkers, and treatment method of PISCL
patients, and in future research we plan to exclude bias due to
the imbalanced groups and make our conclusions more com-
prehensive and accurate.

Conclusions

We established and validated novel nomograms to predict sur-
vival outcome of ISCL patients. We found chemotherapy alone
is more beneficial than other therapy strategies. Our results
may be useful in generating guidelines for the diagnosis and
treatment of PISCL patients.
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Supplementary Table 1. Demographic characteristics of therapy subgroups for spinal cord lymphoma patients.

Characteristic

No. patients(%) p.dio-chemo-
therapy

Chemotherapy

Therapy

Radiation
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Characteristic No. patients(%) Radio-chemo-

therapy

Marital status [n (%)]

Chemotherapy
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Therapy P-value

Radiation

Other or NOS

104 (25.1) 22

Unk — unknown; Al — American Indian; AN — Alaska Native; Pl — Pacific Islander; DSW — divorced/separated/widowed;
NOS - not-otherwise-specified.
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