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A B S T R A C T   

Primary adrenal lymphoma (PAL) and primary renal lymphoma (PRL) are rare extranodal lymphomas, pre-
dominantly of diffuse large B-cell lymphoma subtype. Primary adrenal and renal lymphomas (PARL) exhibit a 
high predilection for the central nervous system (CNS). Therefore, current guidelines support the use of CNS 
prophylaxis in PARL, particularly in cases of high-risk Central Nervous System International Prognostic Index 
(CNS-IPI). However, the route of administration (i.e. systemic vs. intrathecal chemotherapy) has not been clearly 
elucidated. With this in mind, we initiated an international collaboration and literature review to analyze 50 
patient cases, 20 of which received CNS prophylaxis. Based on our analysis, we conclude that PARL may indicate 
a need for CNS chemo-prophylaxis in the form of systemic high-dose methotrexate (HD-MTX) over intrathecal 
methotrexate (IT-MTX), although IT-MTX may still have utility in certain cases.   

1. Introduction 

Primary adrenal lymphoma (PAL) and primary renal lymphoma 
(PRL) are both extremely rare types of non-Hodgkin lymphoma, mostly 
composed of the diffuse large B-cell lymphoma (DLBCL) subtype [1, 2]. 
PAL and PRL (referred to as PARL hereafter) are defined as lymphomas 
histologically proven in the adrenal gland or kidney, respectively, with 
no evidence of primary involvement elsewhere [1, 3]. Because of their 
scarcity and poor prognosis, conclusions about epidemiology, overall 
prognosis, pathogenesis, and best treatment options remain unsettled. 

Central nervous system (CNS) involvement in DLBCL occurs in less 
than 5% of patients, resulting in an overall survival (OS) of less than six 
months [4]. The Central Nervous System International Prognostic Index 
(CNS-IPI) is the most commonly used tool in determining the risk of CNS 
relapse in DLBCL. It was developed and validated to predict the 

development of CNS relapse and progression in DLBCL patients in order 
to identify high-risk patients where CNS prophylaxis is indicated [5]. 
Risk factors used to calculate the CNS-IPI are age greater than 60 years 
old, poor performance status, high lactate dehydrogenase (LDH), more 
than one extranodal site, stage III/IV, and adrenal/renal involvement. 
High risk CNS-IPI is defined by having 4–6 of the risk factors. Traditional 
guidelines state that patients with high-risk CNS-IPI scores have a >10% 
risk of CNS relapse and should be given CNS prophylaxis, while patients 
with low and intermediate-risk scores have <5% risk of CNS relapse and 
prophylaxis can be deferred [5]. More recent studies have refined this 
approach, and state that prophylaxis should also be given for activated 
B-cell-like (ABC) cell-of-origin [6], MYC/BCL2 double expressers [7], 
high-grade B-cell lymphoma with translocation of MYC and BCL2 
and/or BCL6 (also known as double/triple hit lymphoma) [8], and 
certain high-risk locations (e.g. primary testicular)[9]. However, 
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guidelines regarding the optimal route of administration have not been 
clearly elucidated. Here, we provide data analysis of 50 cases of PARL on 
disease biology, risk of CNS relapse, CNS prophylaxis, and outcomes. 

2. Materials and methods 

Data collection includes patients from Tulane University (1) and Italy 
(16). Additionally, we conducted a comprehensive literature review on 
PARL cases reported from January 1st 1998 to January 1st 2021 in 
PubMed. Keywords used (single or in combination) included: primary 
adrenal lymphoma, PAL, primary renal lymphoma, PRL, diffuse large B- 
cell lymphoma, DLBCL, and CNS prophylaxis. Excluded cases include 
PARL with CNS involvement at onset, unknown or unidentified staging, 
unclear if CNS prophylaxis used, unclear individual OS outcomes, and 
histology other than DLBCL (e.g. NK/T-cell, follicular, etc.). Patients 
under the age of 18 were also excluded. Finally, only cases that used 
rituximab-based chemotherapy were included in this analysis to limit a 
possible confounder to OS (Fig. 1A). Data was tabulated for the 
following 12 variables: age, gender, Ann Arbor stage, CNS-IPI score, 
laterality, cell of origin (germinal center B-cell-like (GCB) vs. ABC), 
chemotherapy, CNS prophylaxis (and type), disease relapse, CNS 
relapse, prognosis (alive or dead), and OS in months. Patients were then 
stratified by either stage (early-stage [Ann Arbor I and II] vs. advanced- 
stage [Ann Arbor III and IV] or CNS-IPI risk [low-intermediate vs. high 
risk]). Fisher’s Exact Test was used to compare all categorical variables, 
with a two-tailed p-value equal or less to 0.05 set as statistically sig-
nificant. Student’s t-test was used for statistical comparison of contin-
uous variables. OS was calculated using the Kaplan–Meier method, and 
comparison between OS curves made using the log-rank test. Statistical 
significance was set as p-value < 0.05 for all tests. 

3. Case report 

A 39-year-old man presented with gross hematuria and right flank 
pain for two weeks. Vital signs were stable, and the physical exam was 
unremarkable. All labs drawn within the first few weeks of presentation 
were within normal limits, including complete blood count, complete 

metabolic profile, serum renin, aldosterone, cortisol, plasma normeta-
nephrine and total metanephrine, and urine metanephrine and norme-
tanephrine. A CT scan revealed a 5.1 × 4.2 × 3.8 cm mass in the left 
adrenal gland. Due to the concern for adrenocortical carcinoma, an en- 
bloc resection with left adrenalectomy and distal pancreatectomy, 
splenectomy, and diaphragm resection with aortic lymph node dissec-
tion was performed. Surprisingly, pathology revealed an ABC-DLBCL 
(CD10 negative, BCL6 negative, MUM1 positive) expressing BCL2 but 
not MYC (30%) with a high Ki-67 proliferation marker expression of 
70–80%. Fluorescence in situ hybridization (FISH) was abnormal for 
BCL6 rearrangement. The spleen and resected aortic lymph nodes were 
negative for involvement by lymphoma. Bone marrow biopsy showed 
normal cytogenetics and was negative for malignancy. The patient was 
diagnosed with a stage IE PAL. The patient received six cycles of R-CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincristine, and predni-
sone). He also received one dose of intrathecal methotrexate and three 
doses of systemic high-dose methotrexate for CNS prophylaxis. PET scan 
six months after surgery showed complete remission, and he remained 
disease free and alive at last follow-up two years after the diagnosis. 

4. Results 

Literature review yielded 704 cases available for review. Of these, 30 
cases had CNS involvement at onset, 241 case had unknown/ uniden-
tified staging, 114 cases had unclear CNS prophylaxis usage, 168 cases 
had unclear survival outcomes per case, 72 cases had non-DLBCL his-
tology, and 46 cases did not use rituximab-based chemo (Fig. 1). 33 
cases of PARL from 21 distinct sources remained [10–30], along with 17 
institutional cases (50 cases total; Supp. Table 1). 

Twenty of 50 (40%) cases received CNS prophylaxis (Table 1). The 
CNS prophylaxis group had a higher male predominance compared to 
the Non-CNS prophylaxis group (p = 0.03), along with a slightly younger 
age that was not significant (58.4 versus 65.3 years; p = 0.06). There was 
no difference between the prophylaxis and non-prophylaxis groups with 
regards to GCB cell of origin (p = 0.69), advanced stage (p = 0.39), mean 
CNS IPI (p = 0.65), or rate of CNS relapse (p = 0.49). Rates of CNS 
relapse were lower in the early-stage (1/19; 5.3%) and low-intermediate 

Fig. 1. Flowchart of patient selection process.  
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risk groups (1/13; 7.7%), although the difference was only significant in 
the early-stage group (p = 0.04) (Fig 2A). Notably, CNS prophylaxis did 
not have an effect on CNS relapse in either the early stage (p = 1.0) or 
advanced-stage groups (p = 0.28) (Fig 2B). 

In terms of OS, there was no difference between the adrenal and 
renal groups (median OS of 24 months in adrenal vs. unreached in renal; 
p = 0.08, Fig. 3A). We also did not observe a significant difference be-
tween the early vs. advanced-stage groups (median OS of 45 months for 
early and 28 months for advanced-stage; p = 0.91, Fig. 3B) or the low/ 
intermediate vs. high-risk CNS-IPI groups (median OS of 45 months for 
early and 28 months for advanced-stage; p = 0.91, Fig. 4A). 

CNS prophylaxis showed a survival benefit that extended to both 
advanced-stage (p = 0.04, Fig. 3D) and high-risk CNS-IPI (p = 0.01, 
Fig. 4C) diseases. However, there was no difference noted in either the 
early-stage (p = 0.13, Fig. 3C) or low/intermediate risk CNS-IPI groups 
(p = 0.19, Fig. 4B). 

Finally, we analyzed whether the type of CNS prophylaxis used - 
intrathecal methotrexate or cytarabine (IT-chemo) versus high dose 
systemic methotrexate with or without IT-chemo (HD-MTX) affected OS. 

Notwithstanding the small number of cases (10 HD-MTX and 10 IT- 
chemo), we observed a significant trend in improved survival in the 
HD-MTX group compared to IT-chemo only group (median OS: 28 
months in IT-chemo and unreached in HD-MTX; p = 0.02; Fig. 4D). 

5. Discussion 

Here, we provide data analysis of 50 cases of PARL, on disease 
biology, CNS prophylaxis, and outcomes. Lower rates of relapse were 
seen in early stage and low/intermediate-risk CNS-IPI, which is consis-
tent with previous studies on DLBCL in general [5, 6]. Notably, the 
median OS was not reached with CNS prophylaxis across all stage and 
CNS-IPI categories. CNS prophylaxis showed a survival benefit in both 
advanced-stage and high-risk CNS-IPI groups. CNS prophylaxis did not 
reach significance in the early-stage and low/intermediate groups, but 
analysis was likely limited by small sample size. Finally, there was a 
significant trend in improved survival in the HD-MTX group compared 
to IT-chemo. This may indicate a need for CNS chemo-prophylaxis in the 
form of systemic HD-MTX over IT-MTX, but larger scale studies should 
be used to confirm these findings. 

Our analysis showed that CNS prophylaxis did not significantly affect 
the rate of CNS relapse in any of the CNS-IPI or stage groups. The effect 
of CNS prophylaxis on early stage and low/intermediate-risk CNS-IPI 
groups was likely hindered by small sample sizes. With the use of CNS 
prophylaxis, no cases of CNS relapse were observed within the early 
stage and low/intermediate-risk CNS-IPI groups, which suggests a po-
tential benefit to CNS prophylaxis within this patient population. 
Despite the fact that CNS prophylaxis failed to improve rates of CNS 
relapse in patients with advanced stage disease, we still detected a better 
OS in patients who received prophylaxis in this group. One plausible 
explanation could be that prophylaxis delays the onset of CNS relapse, 
resulting in longer OS, but similar relapse rates. Progression-free sur-
vival (PFS) analysis would be useful to confirm this finding, however 
this information was not available within our data set. In addition, the 
type of CNS prophylaxis might have played a role in this discrepancy, as 
all patients who suffered a CNS relapse within the IT-MTX group had 
advanced stage disease. Given these potential variables, we argue that 
while CNS prophylaxis did not significantly affect CNS relapse rates in 
our analysis, its benefit on OS is a better indicator of its utility in this 

Table 1 
Baseline characteristics of CNS Prophylaxis vs. Non-CNS Prophylaxis groups.   

CNS prophylaxis 
(n = 20) 

Non-CNS prophylaxis 
(n = 30) 

p- 
value 

General    
Age - mean ± SD 58.4 ± 12.4 65.3 ± 13.6 0.06 
Male - no. (%) 17 (85) 16 (53.3) 0.03     

Lymphoma 
characteristics - no. (%)    

DLBCL 20 (100) 30 (100) 1 
GCB cell of origin 6 (30) 2/17 (11.8) 0.69 
Adrenal 13 (65) 22 (73.3) 0.55 
Renal 7 (35) 8 (26.7) 
Rituximab chemo 20 (100) 30 (100) 1 
Advanced stage 14 (70) 17 (56.7) 0.39 
CNS-IPI, mean ± SD 3.8 ± 0.8 4.0 ± 1.2 0.65 
CNS relapse 3 (15) 8 (26.7) 0.49     

Prophylaxis - no. (%)    
Intrathecal only 10 (50) 0 (0)  
HD-MTX ± Intrathecal 10 (50) 0 (0)   

Fig. 2. CNS relapse Percentage. (A), Percent relapse according to category (Early vs. Advanced stage, Low vs. Intermediate/High risk). (B), Percent relapse according 
to CNS prophylaxis and stage. 
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population. 
Due to the limited number of PARL cases in the community, the 

preferred route of administration for CNS prophylaxis (IT-chemo vs. HD- 
MTX) remains uncertain and mirrored after general DLBCL in most 
cases. Methotrexate is a poor penetrator of the blood brain barrier (BBB), 
unless given in high doses to reach a therapeutic level in the brain pa-
renchyma [31, 32]. IT-chemo attempts to bypass the BBB, but the actual 
concentrations of drug penetration into parenchyma via this method are 
quite low [33]. HD-MTX has been demonstrated to be safely 

administered in high risk DLBCL patients, with a low (3%) CNS recur-
rence rate when combined with R-CHOP [34]. Although there is no 
standard protocol for administration, the most common regimen for 
HD-MTX prophylaxis involves 2–4 courses of 3–3.5 g/m2 given between 
days 11 to 15 of alternating cycles [35–38]. On the other hand, 
numerous studies have concluded that intrathecal methotrexate is 
insufficient to prevent CNS relapse [9, 39, 40]. Our retrospective anal-
ysis corroborates these findings in a limited sample size, as HD-MTX 
therapy resulted in OS that was significant over intrathecal therapy 

Fig. 3. Probabilities of OS. (A), Probabilities of 
OS of all Adrenal and Renal DLBCL patients 
using the Kaplan-Meier method and compared 
using the log-rank test. (B), Probabilities of OS 
were compared in subgroups dichotomized by 
stage (Early vs. Advanced stage) using the log- 
rank test. (C), Probabilities of OS were 
compared in the Early stage subgroup dichoto-
mized by use of CNS prophylaxis using the log- 
rank test. (D), Probabilities of OS were 
compared in the Advanced stage subgroup 
dichotomized by use of CNS prophylaxis using 
the log-rank test.   

Fig. 4. Probabilities of OS. (A), Probabilities of 
OS were compared in subgroups dichotomized 
by CNS-IPI (Low vs. Intermediate/High risk) 
using the log-rank test. (B), Probabilities of OS 
were compared in the low/intermediate-risk 
CNS-IPI group dichotomized by use CNS pro-
phylaxis using the log-rank test. (C), Probabil-
ities of OS were compared in the high-risk CNS- 
IPI group dichotomized by use CNS prophylaxis 
using the log-rank test. (D), Probabilities of OS 
were compared in subgroups dichotomized by 
route of CNS prophylaxis (IT-chemo vs. HD- 
MTX) using the log-rank test.   

J. Xie et al.                                                                                                                                                                                                                                       



Leukemia Research Reports 16 (2021) 100263

5

alone (p = 0.02; Fig 4D). Additionally, none of the 10 patients receiving 
HD-MTX developed CNS relapse, while 30% (3/10) of the IT-chemo 
group suffered CNS relapse at some point (not shown). Larger data 
sets are required to further confirm the benefit of HD-MTX over 
IT-chemo in preventing CNS relapse and improving OS of patients with 
PARL. 

Overall, HD-MTX is usually well-tolerated by most patients. How-
ever, renal toxicity, hepatotoxicity, and to some degree neutropenia 
could be encountered especially in the setting of older and frail patients. 
Nevertheless, CNS prophylaxis with HD-MTX has been successfully used 
in older patients up to 80 years old [34-36, 41]. Most practices limit the 
use of HD-MTX in patients older than 80 years, in the setting of MTHFR 
677TT genotype polymorphism, active HBV/HCV infections, and 
chronic renal insufficiency especially when creatinine is greater than 
2.0 mg/dL [37]. 

IT-chemo, in addition to its unclear benefit in reducing CNS relapse 
in DLBCL, is not without side effects. It can result in neurotoxicity 
including paraplegia, cauda equina syndrome, spinal cord lesions, sei-
zures, encephalopathy [42]. In 690 R-CHOP treated patients aged ≥70 
years, when IT-chemo prophylaxis was given in addition to R-CHOP, the 
admission rate from all-cause infection increased (no CNS infections 
noted), while no benefit was observed [40]. A single-institution study of 
complications of IT-chemo used as either prophylaxis or treatment had a 
few patients experience significant neurological events including par-
esthesias and paralysis, while almost one-third of patients had common 
symptoms of nausea, vomiting, headache, and fever suggestive of 
chemical arachnoiditis secondary to the infused medication [43]. It has 
been noted that the incidence of chemical arachnoiditis increases with 
the number of cycles and dosage of IT-chemo, but is lower in those who 
receive it for prophylaxis rather than treatment [44]. Despite these po-
tential side effects, in patients with a relative contraindication to sys-
temic HD-MTX, intrathecal prophylaxis remains an acceptable option. 

As a retrospective study based on systematic review, we concede that 
our conclusions can be limited by confounders, reporting bias and 
differing protocols for treatment. However, given the rarity of PARL and 
the scarcity of available data, prospective trials are currently lacking. 
Therefore, we offer an attempt to analyze outcomes based on the liter-
ature available in hopes of aiding clinical decision-making in future 
cases. 

6. Conclusion 

PARL are rare presentations of DLBCL, more likely to be associated 
with high-risk features such as ABC cell-of-origin and advanced-stage 
disease. The current literature and our findings support the use of HD- 
MTX over IT-MTX, particularly in advanced-stage disease and high- 
risk CNS IPI. Larger sample sizes are needed to confirm this in the 
early-stage and low/intermediate-risk CNS IPI groups. In the event that a 
patient meets exclusion criteria or cannot tolerate HD-MTX, intrathecal 
prophylaxis remains an acceptable option. 
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