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Background: Primary brainstem lymphoma (PBSL) is rare and malignant. An
understanding of this disease is lacking. We aimed to characterize clinical features,
estimate survival, and explore survival-related factors of PBSL.
Methods: Patients with a histological diagnosis of primary lymphoma in the brainstem
(C71.7) from 1975 to 2016 were retrieved from the Surveillance, Epidemiology, and
End Results (SEER) program. Log-rank tests and univariate and multivariate Cox
proportional hazard analyses were used to identify survival-related factors.
Results: PBSL constituted 2.7% of brainstem malignancies. The median age of the
PBSL patients was 59.5 years. Diffuse large B cell lymphoma (n = 49, 84.5%) was the
most prevalent histology among the 58 cases with reported specific lymphoma
subtype. The majority of PBSLs were localized (n = 46, 52.3%), at low Ann Arbor
Stage (I/II, n = 63, 70.5%), and presented as a single primary (n = 71, 80.7%).
Chemotherapy was applied in 50 (56.8%) cases. Three-year overall survival (OS) and
disease-specific survival (DSS) rates were 42.7% and 53.5%, respectively. Multivariate
analyses showed that independent predictive/prognostic factors for OS were age
(P = 0.004), tumor number (P = 0.029), and chemotherapy (P = 0.001); DSS-related
factors only included age (P = 0.014) and chemotherapy (P = 0.008).
Conclusions: We estimated survival rates for PBSL patients. Factors associated with OS
and DSS were also identified. Our findings addressed the importance of chemotherapy in
treating PBSL patients.
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IMPORTANCE OF THE STUDY

Our study represented the first study to comprehensively investigate PBSL based on a population
dataset. We identified several independent predictors for overall survival (OS) and disease-specific
survival (DSS). Demographical features, tumor-related characteristics, and therapeutical details
were reported.
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INTRODUCTION

Primary central nervous system lymphoma (PCNSL) is an
uncommon variant of extranodal non-Hodgkin lymphoma
(NHL). This disease involves the eye, brain, spinal cord, etc.
but without evidence of systemic disease. It accounts for 1.9%
of all primary central nervous system (CNS) neoplasms and
6.4% of primary CNS malignancies (1). Patients with acquired
or congenital immunodeficient disease are susceptible
to PCNSL (2). The current treatment strategy consisted of
biopsy followed by high-dose methotrexate (HDMTX)-based
chemotherapy (3). The efficacy of craniotomy is controversial
(3, 4). However, the outcomes of these patients remain dismal,
with 5-year overall survival being 37.6% (1).

Primary brainstem lymphoma (PBSL) was rarely
encountered in clinical practice. However, PCNSL located at
the brainstem predicts more severe surgical complications (5).
At present, there are only several case reports from a single
institute (6–18). The existing published studies failed to
estimate the survival of PBSL, let alone explore survival-related
factors. As nationwide datasets, the Surveillance,
Epidemiology, and End Results (SEER) datasets are an ideal
platform to study rare malignant entities, e.g., PBSL (19).
Previous studies leveraged the SEER dataset to characterize
primary spinal lymphoma (20). However, no research yet
applies the SEER dataset to study PBSL. Clinical characteristics
and prognostic/predictive factors of PBSL patients remain
poorly understood. We aim to elucidate survival and survival-
associated factors for overall survival (OS) and disease-specific
survival (DSS) based on a population-based dataset.
METHODS

Case Selection From the SEER Database
The SEER program of the National Cancer Institute is an
authoritative source for cancer statistics in the United States.
Because all the information is collected in a de-identified
manner, the Institutional Review Board’s approval was
exempted. This study extracted data from incidence-SEER 18
Registries Custom Data (with additional treatment fields), Nov
2018 Sub (1975–2016 varying). This dataset covers 27.8% of
the US population (based on the 2010 census). To obtain
quantified PBSL cases, we queried the program by defining
the first ICD-O-3 primary site (brainstem, C71.7) and then
the histology record (lymphoma). Our selection strategy is
detailed in Figure 1, where the goal is to obtain histologically
confirmed PBSL cases and exclude patients without qualified
survival time. SEER*Stat (Version 8.3.9, https://seer.cancer.gov/
seerstat/) was used to retrieve the data.

Definitions of Variables
OS and DSS were our main and additional endpoints,
respectively. Although both marked the length of time from
the date of diagnosis to the date of death, OS took into
account deaths irrespective of causes; in contrast, when
measuring DSS, patients who died from causes other than
Frontiers in Surgery | www.frontiersin.org 2
PBSL were uncounted. We divided surgery extent into gross
total resection (GTR), partial resection (PR), and no surgery,
following the decoding strategy described by Dudley et al. (21)
The Arbor staging system is widely applied to stage
lymphoma anatomically (22) and is reclassified into low stage
(stage I/II) and high stage (stage III/IV). The sequence
number informs the sequence of PBSL among all neoplasms
over the patient’s lifetime. We replaced the sequence number
in SEER with tumor number, where “one primary only” in
the sequence number was defined as a single lesion in tumor
number and others as multiple lesions.

Meanwhile, we dichotomized diagnosis year (1975–1996 vs.
1997–2016), sex (female vs. male), marital status (married
vs. unmarried/unknown), lymphoma type (diffuse B cells vs.
others), stage (localized vs. regional/distant), radiotherapy
(with radiotherapy vs. no/unknown), and chemotherapy (with
chemotherapy vs. no/unknown). Age at diagnosis (0–50,
51–70, and 71+) and race (white, black, and others) were
classified into three groups.

Statistical Analysis
All statistical analyses were conducted using R (version 3.8.0,
2019, http://www.r-project.org/). Since the distribution of age
(p < 0.05) and follow-up time (p < 0.001) were non-normal in
the Shapiro–Wilk normality test, a median with interquartile
range (IQR) was used to describe the two parameters.
Prognostic/predictive factors for both OS and DSS were
evaluated by Cox proportional hazards regression. Kaplan–
Meier curves were used to estimate survival and significant
predictors of OS and DSS. Candidates with a P-value <0.05 in
univariate Cox analysis were subject to multivariate analyses.
All tests were two-sided, and a P-value <0.05 was considered
statistically significant.
RESULTS

Demographics and Clinical Characteristics
of Cohort for Survival Analysis
We identified 143 PBSL cases, constituting 2.7% (n = 5,391)
patients with brainstem malignancies. Finally, 88 PBSL cases
met our criteria (Figure 1A). The median age of the cohort
was 59.5 (IQR 45.8–68.3) years. A child (≤18 years) PBSL
patient was found only in one case. The proportion of male
patients was 52.3% (n = 46). The majority of the patients were
white (n = 77, 87.5) and got married (n = 51, 58%).

All the 58 cases with reported specific lymphoma subtypes
were NHL. B-cell-derived lymphoma (n = 55, 95.8%)
represented the most dominant variants, most of which
(n = 49, 84.5%) were diffuse large B cell lymphoma (DLBCL).
There were two cases with T-cell lymphoma and one case
with mixed small- and large-cell lymphoma. The details of the
remaining variants are plotted in Figure 1B. Based on the
Ann Arbor Staging system, stage I, stage II, and stage IV were,
respectively, found in 62 (70.5%) cases, 1 (1.1%) case, and
13 (14.8%) cases, without PBSL at stage III being identified.
Just over half the lesions (52.3%, n = 46) were localized at
2022 | Volume 9 | Article 829048
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FIGURE 1 | (A) Flow diagram of study cohort selection. (B) Histological variants of primary brainstem lymphoma (PBSL). ALK, anaplastic lymphoma kinase; DLBCL,
diffuse large B cell lymphoma; NOS, not otherwise specified.
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diagnosis. In terms of tumor number, single and multiple PBSLs
were found in 71 (80.7%) and 17 (19.3%) patients (Table 1).
Therapeutical Details and Survival
One-third of patients (n = 30, 34.1%) with PBSL received
surgical treatments, and GTR and PR were achieved in 3
(3.4%) and 27 (30.6%) cases, respectively. The diagnosis of
PBSL was based on positive histology or exfoliative cytology.
Radiotherapy and chemotherapy were applied in 49 (55.7%)
and 50 (56.8%) cases, respectively.

The median follow-up time of the cohort was 12 (IQR 3–50)
months. Only 20 (22.7%) patients survived. Among the 68
(77.3%) dead patients, 47 (53.4%) cases succumbed to PBSL,
while the other 21 (23.9%) patients died from causes other
Frontiers in Surgery | www.frontiersin.org 3
than PBSL progression. The 1-, 3-, and 5-year OS rates of
patients with PBSL were 51.3%, 42.7%, and 32.1%,
respectively; the figures for DSS were 64.3%, 53.5%, and
45.0%, respectively (Figure 2).
Prognostic/Predictive Factors
Kaplan–Meier long-rank tests showed that patients diagnosed
during 1975–1996 (Figure 2A), older age (Figure 2B), single
PBSL (Figure 2C), and no use of chemotherapy (Figure 2D)
were related to poor OS. In the univariate Cox analyses,
consistent results were found. Subsequent multivariate tests
identified several independent prognostic/predictive factors,
including age (3-year OS of ≥71 years vs. ≤50 years = 14.6%
vs. 50.6%, HR [95% CI] 2.957 [1.416, 6.178], P = 0.004),
2022 | Volume 9 | Article 829048
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TABLE 1 | Demographic, histological, and therapeutic details of primary
brainstem lymphoma.

Variables Overall
(N = 88)

Variables Overall
(N = 88)

Diagnosis year Ann_Arbor_Stage

1997–2016 62 (70.5%) Stage I 62 (70.5%)

1975–1996 26 (29.5%) Stage II 1 (1.1%)

Age at diagnosis (years) Stage IV 13 (14.8%)

Median 59.5 Missing 12 (13.6%)

Interquartile range 45.8–68.3 Tumor number

Sex Single 71 (80.7%)

Female 42 (47.7%) Multiple 17 (19.3%)

Male 46 (52.3%) Surgical extent

Race GTR 3 (3.4%)

White 77 (87.5%) PR 27 (30.6%)

Black 5 (5.7%) No surgery 51 (58.0%)

Other 6 (6.8%) Missing 7 (8.0%)

Marital status Radiotherapy

Married 51 (58.0%) Yes 49 (55.7%)

Single 23 (26.1%) No/unknown 39 (44.3%)

Widowed 7 (8.0%) Chemotherapy

Divorced 2 (2.3%) Yes 50 (56.8%)

Separated 1 (1.1%) No/unknown 38 (43.2%)

Missing 4 (4.5%)

Stage

Localized 46 (52.3%)

Reginal 1 (1.1%)

Distant 10 (11.4%)

Missing 31 (35.2%)

Chen et al. Primary Brainstem Lymphoma
tumor number (3-year OS of single vs. multiple = 32.4%
vs. 45.4%, HR [95% CI] 2.083 [1.078, 4.022], P = 0.029), and
use of chemotherapy (3-year OS of no/unknown vs. with
chemotherapy = 23.7% vs. 57.5%, HR [95% CI] 2.558
[1.498,4.368], P = 0.001, Figure 3).

In contrast, both DSS-associated factors, identified in
Kaplan–Meier long-rank tests, namely, older age
(Supplementary Figure 1A) and no use of chemotherapy
(Supplementary Figure 1B), were verified in univariate and
multivariate Cox analyses (Supplementary Figure 2). The
3-year DSS of ≥71 years vs ≤50 years (HR [95% CI] 2.938
[1.241,6.952], P = 0.014) was 22.6% vs. 60% and the figure for
no/unknown vs. with chemotherapy (HR [95% CI] 2.288
[1.244,4.209], P = 0.008) was 35.9% vs. 64.5%.
DISCUSSION

To the best of our knowledge, our study represented the first
study to investigate PBSL based on a population dataset
comprehensively. With the power of the SEER database, we
were able to collect 88 cases with PBSL to characterize the
Frontiers in Surgery | www.frontiersin.org 4
survival and prognostic/predictive factors of PBSL patients. In
a nutshell, most patients were diagnosed in their sixth decade.
Overall, only around half of PBSL patients survived 1 year
after diagnosis. Age at diagnosis and sequence number were
independent predictors for OS; age at diagnosis independently
predicted DSS. The application of chemotherapy improved
both OS and DSS.

Clinical Features, Survival, and Prognostic
Factors of PBSL
The common location of PCNS is the frontal lobes (23, 24). The
proportion of PBSL in brainstem malignancies remains
unknown. Our SEER data showed PBSL accounted for 2.7% of
malignant brainstem tumors, indicating the rare nature of this
entity. The literature search revealed only one study reported a
child with a brainstem DLBCL (11). Likewise, our study
unveiled that only one child suffered PBSL. PBSL mainly
affected adults in their sixth decade with a slight male
predominance. Parallel to previous case reports (6–18), our
study confirmed that all PBSLs were NHLs. The prognosis of
PBSL is poor. We found that major PBSL patients died during
the study. Nearly half of patients died within 1 year after
diagnosis; only 32.1% survived 3 years after diagnosis. This
finding was similar to previous studies. Among the published
10 cases (6–9, 11–13, 16, 17) with survival status, 7 died
within 1–18 months after diagnosis (7, 8, 11–13, 16, 17). In
addition, we identified that older age was associated with
poorer OS and DSS and multiple PBSLs with poorer OS.

Predictive Factors of PBSL (Chemotherapy)
Combined modality therapy (chemotherapy plus radiotherapy)
was an effective initial treatment for PCNSL (25). Accordingly,
our SEER study findings showed that the use of chemotherapy
prolonged both OS and DSS. However, chemotherapy
regimens were unfeasible in the SEER database, precluding
us from investigating the effectiveness of individual
chemotherapy regimens. For these PBSLs reported previously,
regimens contained HDMTX alone (11, 16), HDMTX plus
cytarabine (AraR) (9), HDMTX plus HD dexamethasone (6),
and HDMTX plus rituximab plus temozolomide (8).

Radiotherapy in PBSL
Gamma knife surgery (GKS) was reported as a safe and effective
approach for PCNSL (26). The accurately targeted ability of GKS
made it an ideal method for managing brainstem lesions.
Campbell et al. (7) treated PBSL patients by delivering GKS to
tumor margin with a dose of 11 Gy. Two months later, they
observed a 50% size reduction of the enhanced lesion. Kim
et al. (11) also applied GKS at 12 Gy in addition to HDMTX
and found the patient tolerated GKS well. Unfortunately,
evaluation of the long-term benefit of radiotherapy treatment
was inaccessible, as both cases died of causes other than PBSL
in 6 and 10 months, respectively. Instead of GKS, Sato et al.
(16) combined high-dose methotrexate and 30 Gy of whole-
brain radiation and 10 Gy of focal radiation in 2 Gy fractions
in two PBSL cases. One patient achieved remission 14.4 months
2022 | Volume 9 | Article 829048
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FIGURE 2 | Kaplan–Meier overall survival curves of PBSL patients stratified by diagnosis year (A), age at diagnosis (B), tumor number (C), and use of chemotherapy (D).
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into their study, and another patient succumbed to death 18
months after diagnosis. Due to the limited case number, we
could not identify a significant role of radiotherapy. Therefore,
the efficacy of radiotherapy needs to be investigated.

Surgical Treatment for PBSL
According to recently released National Comprehensive Cancer
Network (NCCN) guidelines, the treatment strategy for PCNSL
Frontiers in Surgery | www.frontiersin.org 5
patients incorporated biopsy with the least invasive approach,
followed by a clinical trial or high-dose methotrexate-based
regimen (27). Distinct from other CNS malignancies,
cytoreductive surgery is not a standard of care for PCNSL (28).
This resulted from no gain of survival benefit or even worsened
prognoses after surgery (29, 30). However, Rae et al. recently
reported that the survival of craniotomy-treated PCNSL patients
was significantly improved compared to biopsy-treatment
2022 | Volume 9 | Article 829048
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FIGURE 3 | Forest plot based on univariate and multivariate Cox proportional hazard analysis of overall survival (OS) for PBSL patients. GTR, gross total resection;
OS, overall survival; PR, partial resection. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

Chen et al. Primary Brainstem Lymphoma
PCNSL patients in The National Cancer Database-Participant
User File (NCDB) and SEER databases. They argued that
previous studies were conducted in the pre-modern
neurosurgical era when the assistance of intraoperative
monitoring, neuro-navigation, and fluorescent-guided tumor
resection was lacking (3). In their study, the authors further
established a risk category (RC), where high RC involved deep
location (e.g., brainstem and basal ganglia), age > 55 years, etc.
Subsequently, they found that survival benefits could be obtained
in low RC but not in high RC based on their institutional series
(3). In specific to PBSL, our study failed to identify the benefits
of OS or DSS from GTR/PR over no surgery. The brainstem is a
critical anatomical structure, and injury involving the brainstem
leads to disastrous consequences (5). Taken together, aggressive
tumor resection of PBSL was not advocated.
Frontiers in Surgery | www.frontiersin.org 6
Study Limitations and Strengths

Our study contained several limitations. First, chemotherapy
prolonged both OS and DSS, indicating its significant role in the
survival of PBSL patients. However, the administration of
specific compounds or combinations of compounds was
unavailable in the SEER database. Second, it was known that
patients with lymphoma subtypes had different outcomes. Due
to its rarity, we could only identify nine cases with non-
DLBCL. Merging these nine PBSLs into one subgroup (to
achieve DLBCL vs. non-DLBCL) was not suitable and resulted
in misleading as outcomes of these subtypes differed significantly
(3). Thus, we did not investigate the impact of the lymphoma
subtype on the survival of PBSL patients. Moreover, as a
retrospective review, this study suffered from inherent selection
2022 | Volume 9 | Article 829048
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bias. Nevertheless, the present study is the first to comprehensively
characterize PBSL patients based on the largest cohort size. These
findings are valued tremendously in terms of future clinical
evaluation of survival and designation of clinical trials.
CONCLUSIONS

Our study revealed the prognosis of PBSL was poor. Only around
half of PBSL patients survived 1 year after diagnosis. While the
sequence number affected OS but not DSS, age influenced both
OS and DSS. The use of chemotherapy prolonged OS and DSS,
addressing the significance of chemotherapy in treating PBSL
patients. Future studies should focus on investigating effective
chemotherapeutical regimes.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material; further inquiries can be
directed to the corresponding author/s.
Frontiers in Surgery | www.frontiersin.org 7
AUTHOR CONTRIBUTIONS

JC and XM contributed to data curation, formal analysis, and
original draft; JC, XM, GX and FZ contributed to
conceptualization and methodology; JC, BC, YQ, and JZ
provided resources; JC, YQ, GX, XM, and FZ wrote the paper;
BC, XM, and JZ generated the figures/table for data
visualization; BC and FH supervised the study; FH and GX,
validated the findings; YQ, GX, and FZ reviewed and edited the
paper. All authors contributed to the article and approved the
submitted version.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.829048/
full#supplementary-material.
REFERENCES

1. Ostrom QT, Patil N, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS.
CBTRUS statistical report: primary brain and other central nervous system
tumors diagnosed in the United States in 2013-2017. Neuro Oncol. (2020)
22:iv1–96. doi: 10.1093/neuonc/noaa200

2. Schabet M. Epidemiology of primary CNS lymphoma. J Neurooncol. (1999)
43:199–201. doi: 10.1023/A:1006290032052

3. Rae AI, Mehta A, Cloney M, Kinslow CJ, Wang TJC, Bhagat G, et al.
Craniotomy and survival for primary central nervous system lymphoma.
Neurosurgery. (2019) 84:935–44. doi: 10.1093/neuros/nyy096

4. Su C, Karakousis G, Zhang PJ, Bai HX. Letter: craniotomy and survival for
primary central nervous system lymphoma. Neurosurgery. (2018) 83:
E190–1. doi: 10.1093/neuros/nyy326

5. Cloney MB, Sonabend AM, Yun J, Yang J, Iwamoto F, Singh S, et al. The
safety of resection for primary central nervous system lymphoma: a single
institution retrospective analysis. J Neurooncol. (2017) 132:189–97. doi: 10.
1007/s11060-016-2358-8

6. Alsherbini K, Beinlich B, Salamat MS. Diffusely infiltrating central nervous
system lymphoma involving the brainstem in an immune-competent
patient. JAMA Neurol. (2014) 71:110–1. doi: 10.1001/jamaneurol.2013.
1578

7. Campbell PG, Jawahar A, Fowler MR, Delaune A, Nanda A. Primary central
nervous system lymphoma of the brain stem responding favorably to
radiosurgery: a case report and literature review. Surg Neurol. (2005)
64:400–5. discussion 405. doi: 10.1016/j.surneu.2004.12.028

8. Enam SA, Ali R. B-cell lymphoma of the brainstem with central neurogenic
hyperventilation. J Pak Med Assoc. (2011) 61:925–7. https://jpma.org.pk/
article-details/2986?article_id=2986

9. Jianhua C, Xiuqin L, Quancai C, Heyang S, Yan H. Rapid eye movement
sleep behavior disorder in a patient with brainstem lymphoma. Intern
Med. (2013) 52:617–21. doi: 10.2169/internalmedicine.52.8786

10. Kim B, Banh L, McNeill P, Macfarlane A, McKelvie P, Thien C, et al.
Persistent hiccups and Horner’s syndrome in a case of primary CNS
lymphoma with diffuse cerebral, hypothalamic and lateral brainstem
involvement – An exercise in clinical neuroanatomy. J Clin Neurosci.
(2020) 81:397–400. doi: 10.1016/j.jocn.2020.09.061
11. Kim J, Kim YZ. A case of primary central nervous system lymphoma located
at brain stem in a child. Brain Tumor Res Treat. (2016) 4:155–9. doi: 10.
14791/btrt.2016.4.2.155

12. Kontogeorgi E, Papadopoulos D, Zafeiropoulou E, Karagkounis G, Argyrakos
T, Stranjalis G, et al. A 24 year-old woman with relapsing brainstem
manifestations and multiple focal brain lesions. Natural killer cell
lymphoblastic lymphoma/leukemia. Brain Pathol. (2015) 25:115–6. doi: 10.
1111/bpa.12235

13. Larner AJ, D’Arrigo C, Scaravilli F, Howard RS. Bilateral symmetrical
enhancing brainstem lesions: an unusual presentation of primary CNS
lymphoma. Eur J Neurol. (1999) 6:721–3. doi: 10.1046/j.1468-1331.1999.
660721.x

14. McCue MP, Sandrock AW, Lee JM, Harris NL, Hedley-Whyte ET. Primary
T-cell lymphoma of the brainstem. Neurology. (1993) 43:377–81. doi: 10.
1212/WNL.43.2.377

15. Prakash B, Nayak SD, Mathew V, Bhaskar N, Natarajan M, Pranesh MB.
Non-Hodgkin’s lymphoma of the brainstem with atrial septal mass. J Assoc
Phys India. (2003) 51:311–3. https://www.japi.org/article/files/non-
hodgkin_s_lymphoma_of_the_brainstem_with_atrial_septal_mass.pdf

16. Sato S, Shibahara I, Inoue Y, Hide T, Kumabe T. New radiologic findings of
hypertrophic olivary degeneration in 2 patients with brainstem lymphoma.
World Neurosurg. (2019) 123:464–8.e1. doi: 10.1016/j.wneu.2018.11.161

17. Shams PN, Waldman A, Plant GT. B cell lymphoma of the brain stem
masquerading as myasthenia. J Neurol Neurosurg Psychiatry. (2002)
72:271–3. doi: 10.1136/jnnp.72.2.271

18. Termsarasab P, Katirji B. Brainstem lymphoma in a myasthenia gravis patient
on azathioprine. J Clin Neurosci. (2015) 22:415–8. doi: 10.1016/j.jocn.2014.06.
104

19. Bilimoria KY, Stewart AK, Winchester DP, Ko CY. The National Cancer Data
Base: a powerful initiative to improve cancer care in the United States.
Ann Surg Oncol. (2008) 15:683–90. doi: 10.1245/s10434-007-9747-3

20. Yang W, Garzon-Muvdi T, Braileanu M, Porras JL, Caplan JM, Rong X, et al.
Primary intramedullary spinal cord lymphoma: a population-based study.
Neuro Oncol. (2017) 19:414–21. doi: 10.1093/neuonc/now178

21. Dudley RW, Torok MR, Gallegos DR, Mulcahy-Levy JM, Hoffman LM, Liu
AK, et al. Pediatric low-grade ganglioglioma: epidemiology, treatments, and
outcome analysis on 348 children from the surveillance, epidemiology, and
2022 | Volume 9 | Article 829048

https://www.frontiersin.org/articles/10.3389/fsurg.2022.829048/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2022.829048/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2022.829048/full#supplementary-material
https://doi.org/10.1093/neuonc/noaa200
https://doi.org/10.1023/A:1006290032052
https://doi.org/10.1093/neuros/nyy096
https://doi.org/10.1093/neuros/nyy326
https://doi.org/10.1007/s11060-016-2358-8
https://doi.org/10.1007/s11060-016-2358-8
https://doi.org/10.1001/jamaneurol.2013.1578
https://doi.org/10.1001/jamaneurol.2013.1578
https://doi.org/10.1016/j.surneu.2004.12.028
https://jpma.org.pk/article-details/2986?article_id=2986
https://jpma.org.pk/article-details/2986?article_id=2986
https://doi.org/10.2169/internalmedicine.52.8786
https://doi.org/10.1016/j.jocn.2020.09.061
https://doi.org/10.14791/btrt.2016.4.2.155
https://doi.org/10.14791/btrt.2016.4.2.155
https://doi.org/10.1111/bpa.12235
https://doi.org/10.1111/bpa.12235
https://doi.org/10.1046/j.1468-1331.1999.660721.x
https://doi.org/10.1046/j.1468-1331.1999.660721.x
https://doi.org/10.1212/WNL.43.2.377
https://doi.org/10.1212/WNL.43.2.377
https://www.japi.org/article/files/non-hodgkin_s_lymphoma_of_the_brainstem_with_atrial_septal_mass.pdf
https://www.japi.org/article/files/non-hodgkin_s_lymphoma_of_the_brainstem_with_atrial_septal_mass.pdf
https://doi.org/10.1016/j.wneu.2018.11.161
https://doi.org/10.1136/jnnp.72.2.271
https://doi.org/10.1016/j.jocn.2014.06.104
https://doi.org/10.1016/j.jocn.2014.06.104
https://doi.org/10.1245/s10434-007-9747-3
https://doi.org/10.1093/neuonc/now178
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


Chen et al. Primary Brainstem Lymphoma
end results database. Neurosurgery. (2015) 76:313–9. discussion 319; quiz
319-20. doi: 10.1227/NEU.0000000000000619

22. Carbone PP, Kaplan HS, Musshoff K, Smithers DW, Tubiana M. Report of
the committee on Hodgkin’s disease staging classification. Cancer Res.
(1971) 31:1860–1.

23. Coulon A, Lafitte F, Hoang-Xuan K, Martin-Duverneuil N, Mokhtari K,
Blustajn J, et al. Radiographic findings in 37 cases of primary CNS
lymphoma in immunocompetent patients. Eur Radiol. (2002) 12:329–40.
doi: 10.1007/s003300101037

24. Erdag N, Bhorade RM, Alberico RA, Yousuf N, Patel MR. Primary
lymphoma of the central nervous system: typical and atypical CT and MR
imaging appearances. AJR Am J Roentgenol. (2001) 176:1319–26. doi: 10.
2214/ajr.176.5.1761319

25. DeAngelis LM, Yahalom J, Thaler HT, Kher U. Combined modality therapy
for primary CNS lymphoma. J Clin Oncol. (1992) 10:635–43. doi: 10.1200/
JCO.1992.10.4.635

26. Dong Y, Pan L, Wang B, Wang E, Zhang N, Cai P, et al. Stereotactic
radiosurgery in the treatment of primary central nervous system
lymphoma. Chin Med J (Engl). (2003) 116:1166–70. https://medcentral.net/
doi/pdf/10.3760/cma.j.issn.0366-6999.2003.08.110

27. N.C.C. Network, Central Nervous System Cancers (Version 1.2021), 2021.
https://jnccn.org/view/journals/jnccn/18/11/article-p1537.xml

28. Yun J, Iwamoto FM, Sonabend AM. Primary central nervous system
lymphoma: a critical review of the role of surgery for resection. Arch
Cancer Res. (2016) 4. doi: 10.21767/2254-6081.100071
Frontiers in Surgery | www.frontiersin.org 8
29. Bellinzona M, Roser F, Ostertag H, Gaab RM, Saini M. Surgical removal of
primary central nervous system lymphomas (PCNSL) presenting as space
occupying lesions: a series of 33 cases. Eur J Surg Oncol. (2005) 31:100–5.
doi: 10.1016/j.ejso.2004.10.002

30. Bataille B, Delwail V, Menet E, Vandermarcq P, Ingrand P, Wager M, et al.
Primary intracerebral malignant lymphoma: report of 248 cases. J Neurosurg.
(2000) 92:261–6. doi: 10.3171/jns.2000.92.2.0261

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as
a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Cen, Hu, Qiu, Xiao, Zhou, Ma and Zhang. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
2022 | Volume 9 | Article 829048

https://doi.org/10.1227/NEU.0000000000000619
https://doi.org/10.1007/s003300101037
https://doi.org/10.2214/ajr.176.5.1761319
https://doi.org/10.2214/ajr.176.5.1761319
https://doi.org/10.1200/JCO.1992.10.4.635
https://doi.org/10.1200/JCO.1992.10.4.635
https://medcentral.net/doi/pdf/10.3760/cma.j.issn.0366-6999.2003.08.110
https://medcentral.net/doi/pdf/10.3760/cma.j.issn.0366-6999.2003.08.110
https://jnccn.org/view/journals/jnccn/18/11/article-p1537.xml
https://doi.org/10.21767/2254-6081.100071
https://doi.org/10.1016/j.ejso.2004.10.002
https://doi.org/10.3171/jns.2000.92.2.0261
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org

	Primary Brainstem Lymphoma: A Population-Based Study
	IMPORTANCE OF THE STUDY
	INTRODUCTION
	METHODS
	Case Selection From the SEER Database
	Definitions of Variables
	Statistical Analysis

	RESULTS
	Demographics and Clinical Characteristics of Cohort for Survival Analysis
	Therapeutical Details and Survival
	Prognostic/Predictive Factors

	DISCUSSION
	Clinical Features, Survival, and Prognostic Factors of PBSL
	Predictive Factors of PBSL (Chemotherapy)
	Radiotherapy in PBSL
	Surgical Treatment for PBSL
	Study Limitations and Strengths

	CONCLUSIONS
	DATA AVAILABILITY STATEMENT
	AUTHOR CONTRIBUTIONS
	SUPPLEMENTARY MATERIAL
	REFERENCES


