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Abstract: Background: Classical Hodgkin's lymphoma (cHL) is a lymph node disease, however, 

extranodal involvement is present in about 10% of affected individuals. Various forms of direct 

central nervous system (CNS) involvement have been reported, including intracranial, epidural, 

leptomeningeal, and intramedullary spinal cord cHL (Table 1). We hereby describe the clinical 

presentation, work up, and outcomes of two distinctive cases of cHL with intracranial extra-axial 

spread in patients receiving novel combination and traditional chemotherapy. Methods: This case 

series (n=2) was conducted following the CARE guidelines. Institutional review board (IRB) 

approved protocol #24-015 for HIPPA waiver of subjects in our retrospective study. Results: 

Patients with cHL exhibiting CNS symptoms or relapse refractory cases benefit from neuroimaging 

and excluding infectious etiologies. Suspicious lesions include iso- to hypointensity on T1 weighted 

and iso- to hyperintensity on T2 MR scans. Diagnosis is confirmed with biopsy. Treatment with A-

AVD has shown more benefit than traditional ABVD chemotherapy. There has been shown 

progression free survival with nivolumab-AVD (N-AVD) over brentuximab-AVD (B-AVD). 

Conclusion: cHL with CNS involvement is rare and requires comprehensive workup to exclude 

infectious and other malignancies. Diagnosis relies on neuroimaging and subsequent brain biopsy. 

Treatment with novel N-AVD has shown greater PFS in patients with advanced cHL. 

Keywords: central nervous system (CNS); intracranial lesion; Hodgkin lymphoma; relapse; 

refractory; neuroimaging; ring enhancing; immunotherapy; chemotherapy 

 

1. Introduction 

Hodgkin’s lymphoma (HL) is a malignant proliferation of B-lymphocytes within lymph nodes 

and classically has a high cure rate. HL are commonly classified as cHL or uncommonly nodular 

lymphocyte predominant Hodgkin’s lymphoma (NLPHL) which behaves like indolent non-

Hodgkin’s lymphoma (NHL). Initiation of therapy leads to a 80% cure rate, however, 9-11% of 

patients will be refractory to first line therapy and up to 30% will have relapse following remission 

[1]. In 8-12% of cases, extra-nodal structures such as the liver and lung are involved [2]. Central 

nervous system (CNS) involvement of cHL is unusual and represents relapse, an 

immunocompromised state with higher rates in males, or predisposing infection with Epstein-Barr 

virus (EBV) [3]. The most common abnormality found on neuroimaging when suspecting intracranial 
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neoplasm, is ring enhancement [4]. These lesions are hypodense on non-contrast computed 

tomography (NCCT) scans or hypointense on brain magnetic resonance imaging (MRI). The most 

common pathologies found based on neuroimaging were gliomas (40%) followed by metastatic brain 

(30%) lesions [5]. Clinically, 70% of patients have focal neurological deficits, 40% with nonspecific 

neurocognitive behavioral changes, and 30% with intracranial hypertension [6]. Neuroimaging can 

presumptively diagnose the lesion; however, brain histopathology sampling is required to confirm 

and/or rule out other causes such as infectious, primary cancerous, and non-neoplastic mimics. 

Treatment of first relapse in cHL is salvage chemotherapy followed by autologous stem cell 

transplantation (ASCT) for young and fit patients. In the recent years, there is a paradigm shift to use 

novel antibodies such as brentuximab vedotin and programmed death – 1(PD-1) inhibitors [7–9]. PD-

1 ligand (PD-1L) receptors are highly expressed on Reed-Sternberg cells, a hallmark feature of cHL, 

and can be used as a target for immunotherapy. Additionally, brentuximab vedotin has been used in 

the first line, relapsed setting, and as a maintenance proving a substantial decrease in the risk of 

recurrence. We hereby discuss the management of two intracranial extra-axial metastatic cHL that 

have been treated with traditional chemotherapy and novel agents.  

2. Materials and Methods 

This is a single institution retrospective study conducted at the University of South Alabama 

Health System, data extraction from electronic health records was performed after obtaining IRB 

arrival. Here in, we are describing clinical outcomes and disease characteristics with intracranial 

manifestations of cHL in two cases who were treated with novel agents such as immune checkpoint 

inhibitors and antibody drug conjugates.  

3. Case Presentation  

Case 1 

Thirty-one-year-old male with a history of untreated Mycobacterium nucogenicum isolated on 

bronchoscopy and bronchoalveolar lavage (BAL) culture 6 months prior, stage 4b mixed cellularity 

cHL. He was deemed asymptomatic from the mycobacterium infection, subsequent excisional lymph 

node biopsy confirmed the diagnosis, and the decision was made to start first line A-AVD regimen. 

The patient received 3 cycles with clinical improvement of his constitution symptoms. However, he 

subsequently presented to the hospital with 3-day onset of ataxia. He sustained a total of 3 falls with 

severe frontal headache that he rates as a 9/10 in severity. He denied loss of consciousness, problems 

with his vision, positional worsening, prior history of headaches, and neck pain. He reported 

worsening gait and generalized weakness over the last few days. Vital signs on admission were 

significant: 38.2C, 101 beats/min, and BP 113/52 mmHg. He developed intermittent fevers as high as 

39.4C throughout his hospital course. Physical exam revealed abnormal finger to nose and heel to shin 

testing with broad based magnetic gait and impaired tandem gait. Labs revealed white blood cells 

(WBCs) 1.65x10(3)/mcL with absolute neutrophil count of 1.02x10(3)/mcL, ALP 100 u/L, ALT 75 u/L, 

AST 118 u/L. Lumbar puncture with cerebrospinal fluid (CSF) analysis did not indicate evidence of 

meningitis. Serology was positive for John Cunningham (JC) virus, cytomegalovirus (CMV), Ebstein 

Barr virus (EBV) but the CSF was negative for JC virus, CMV and herpes simplex virus (HSV). NCCT 

demonstrated vasogenic edema within the right temporal lobe. MRI brain with and without contrast 

revealed spherical 1.0 x 1.0 x 1.1 cm lesion that increased in size to 2.4 x 2.1 x 2.2 cm in 3 weeks (Figures 

1 and 2). Patient underwent a right pteronial craniotomy with stereotactic right temporal tip dural 

mass biopsy by neurosurgery. Histopathology confirmed cHL of the brain with reactive gliosis of the 

brain parenchyma. He was initiated on a dexamethasone taper over 5 days and salvage therapy with 

DHAP as inpatient and eventually immunotherapy with pembrolizumab with gemcitabine, 

vinorelbine, and liposomal doxorubicin (pembro-GVD) as outpatient. Repeat positron emission 

tomography (PET) CT scan demonstrated positive response and MRI of brain negative for recurrence 

of disease. Subsequently, the patient had progressive disease after 3 lines of therapy and deem stem 

cell transplant ineligible eventually transitioned to hospice and end of life care.  
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Figure 1. Pretreatment sagittal T1 (A), coronal T1 (B), axial T1 (C) post-contrast images demonstrating 

homogenously enhancing spherical lesion that measured 2.4 x 2.1 x 2.2 cm with anterior 

pachymeningeal enhancement (red circle). Perfusion scan of cerebral blood volume (D) demonstrates 

relative value of 2.09 which was consistent with lymphoma. 

 

Figure 2. Pre-T2 axial (A) and Post-T2 axial (B) contrast FLAIR images demonstrating anterior 

pachymeningeal enhancement, central hyperintensity, and peripheral hypointensity (blue arrow).  

Pretreatment MR imaging of brain with sb1000 (C) with enhancement (D). 
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Case 2 

Twenty-eight-year-old female with no significant past medical history except 3 uncomplicated 

caesarean sections presented for neck swelling. She was found to have persistent cervical 

lymphadenopathy despite multiple trials of antibiotics. She underwent a right neck excisional lymph 

node biopsy which revealed cHL and histopathology showcasing interfollicular proliferation of large 

and multilobulated and single lobe cells with prominent nucleoli consistent with Reed-Sternberg 

cells. Immunohistochemical staining showed diffuse positivity for CD15/30 with a Ki67 index of 80%. 

PET-CT neck demonstrated enlarged right neck cervical lymph nodes and MR brain demonstrating 

characteristic diffusion weighted images (DWI) with apparent diffusion coefficient (ADC) 

restrictions and T2 FLAIR enhancement within the frontal lobes (Figures 3 and 4). MRI of the chest, 

abdomen, and pelvis demonstrated right supraclavicular, retroclavicular, infraclavicular, right 

axillary, and right subpectoral lymph nodes. Initiation of chemotherapy was delayed due to 

pregnancy; the patient was in her third trimester and opted to start chemotherapy after delivery. 

During that period, she was monitored clinically. Subsequently, the patient was started on 

chemotherapy with ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine). Later, developed 

neurological symptoms for which brain imaging, CSF evaluation, extensive infectious, and 

paraneoplastic testing were all negative. The patient had a negative positron emission tomography 

(PET) CT scan after 2 cycles of chemotherapy. Chemotherapy was continued with omitting bleomycin 

per The United Kingdom Risk-Adapted Therapy in Hodgkin Lymphoma (RATHL) trial. The 

patient’s neurological symptoms continued to improve with chemotherapy, and she was in complete 

remission at the end of chemotherapy. Follow up brain imaging indicated improvement in the 

leptomeningeal enhancement. 

 

Figure 3. Pretreatment PET-CT scan (A) demonstrating fluoride-18 FDG metabolic uptake with bulky 

right cervical, supraclavicular, superior mediastinal, and axillary adenopathy (B). Axial MR imaging 

of brain demonstrating DWI (D) with regional ADC restriction (C) in bilateral frontal lobes and left 

parafalcine region adjacent to the left frontal horn (yellow circles). 
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Figure 4. Pretreatment post- axial (A) and coronal (B) contrast T1 MRI that demonstrates 

leptomeningeal enhancement within the bifrontal lobes, predominantly within the parafalcine region. 

Pretreatment axial pre (C) and post (D) T2 FLAIR contrast enhancement within the bifrontal lobes 

(orange arrows). 

4. Discussion 

In patients with newly diagnosed or relapse refractory cHL exhibiting neurological symptoms, 

an evaluation for potential direct and or indirect involvement of the nervous system is necessary. 

CNS involvement occurs in only 0.01-0.5% of cases and any intracranial space-occupying lesion in a 

patient with a history of cHL demands consideration of secondary etiologies [10–13]. Intracranial cHL 

typically results from direct invasion from surrounding bony structures or perineural spread from 

cranial nerves [14]. Several case repots and series have been published in the literature and are 

summarized in Table 1. The current first line chemotherapy regimens have minimal CNS penetration. 

The 5 years follow up on the ECHELON trial showed a survival advantage with A-AVD compared 

to ABVD. Further, the SWOG S1826 trial inducting progression free survival advantage with 

nivolumab as compared to brentuximab with AVD. Probably, rapid control of the systemic disease 

aid to decrease risk of lymphomatous CNS involvement. However, this type of lymphoma is not well 

known to have CNS involvement. In the relapse or refractory setting if the malignancy is driven by 

an infectious oncogene such as EBV, this very low risk CNS disease might increase. 
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4.1. Radiological Findings 

Radiologically, the first-line imaging modality should be a NCCT scan [14,15]. Characteristic 

findings include a hyperattenuating lesion associated with edema, while immunocompromised 

patients may have a more heterogenous or even hypoattenuating appearance [14]. MRI reveals iso- 

to hypointense lesion(s) on T1 weighted scans and iso- to hyperintensity on T2 weighted images [16]. 

DWI in immunocompetent patients show strong restricted diffusion with low ADC, however, 

lymphomatous spread in immunocompromised patients is more heterogenous with scattered lesions 

[17]. In high grade tumors and other metastatic tumors, there is high ADC due to significant 

vasogenic edema [15]. Our immunocompromised patient in case 1 revealed peripheral restricted 

diffusion on DWI with T1 isotensity, T2/FLAIR central hyperintensity, and peripheral T2/FLAIR 

hypotensity (Figures 1 and 2). In a similar sense, case 2 demonstrated restricted diffusion on DWI 

and low ADC (Figure 3). 

4.2. Infectious Considerations 

Brain abscess occur from either a hematogenous spread, neighboring infective infiltration, or 

immunocompromised state. Mechanistically, brain abscesses begin as a focal area of cerebritis and 

form a fibrovascular capsule within 1-2 weeks [18]. Multiple studies reported specific features 

favoring brain abscesses including peripheral edema, central necrosis, extra parenchymal spread, and 

capsular enhancement. Peripheral edema, central necrosis, and extraparenchymal spread commonly 

produces short TE/short TR hypointensity with long TE/long TR hyperintensity with respect to CSF. 

Capsular features included short TE/short TR iso-to hyperintensity with long TE/long TR iso-to 

hypointensity secondary to paramagnetic hydroxyl free radicals produced by glial macrophages [19]. 

In addition to the above intra-axial abscesses commonly demonstrate high signal on DWI and low 

ADC values. However, in instances of untreated abscesses, higher ADC signaling can be seen and 

therefore a premature closure of intracerebral malignancy may masquerade as an underlying abscess. 

A study using a high-resolution 3D gradient echo (susceptibility weighted imaging [SWI]) sequence 

determined that 9/12 pyogenic abscess had features of the dual rim sign. This was defined as one ring 

most adjacent to a lesion being hyperintense and outer most rim being hypointense [18,20]. 

4.3. Treatment 

Lesions outside the blood-brain barrier (extra-axial, leptomeningeal and dural based lesions), 

are permeable to immunotherapy antibodies and chemotherapy drugs [16]. Due to a lack of clinical 

trials, there are no definitive treatment guidelines. Voorheesof and Beaven reviewed 16 patients 

undergoing varied therapies reported radiological evidence of treatment response in 11 patients and 

complete response in 9 patients [9]. It is essential to obtain tissue sampling for confirmatory diagnosis 

and to avoid administering corticosteroids preemptively, as retrospective studies have shown an 

increased rate of inconclusive biopsies following steroid use. In Case 1, the patient underwent a 

stereotactic brain biopsy confirming cHL. Subsequently, he was initiated on a dexamethasone taper 

followed by DHAP (dexamethasone, high dose cytarabine, and cisplatin). In patients with refractory 

or relapsed cHL, novel therapies include pembrolizumab in combination with traditional 

chemotherapy with liposomal doxorubicin, gemcitabine and vinorelbine (Pembro + GVD) which 

showed a curative rate prior to autologous hematopoietic stem cell transplant (Auto-SCT) of 93% [9]. 

Our patients received a combination of multiple regimens encompassing both traditional and novel 

therapies during and before the diagnosis of intracranial disease.  

Conclusion 

The key learning points from these cases are (1) to investigate all space-occupying lesions with 

confirmatory biopsy (2) to request comprehensive workup including neuroimaging with cHL exhibiting 

CNS symptoms to exclude secondary diseases processes such as infectious etiology and non-neoplastic 

mimics. Case reports with CNS involvement in various locations document complete remission with 
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appropriate therapy, see Table 1. However additional large-scale studies should be conducted for 

additional exploration of presentation, underlying pathophysiology and tailored treatment approaches.  

Table 1. Summary of Intracranial Hodgkin’s Lymphoma Cases Reported in Literature from 1986 to 2024. 

Ref Study/year Age(years)/Gender(M=male, 

F=female) 

Location Type Outcome 

[21] Bender and 

Mayernik/1986 

34M Parietofrontal, 

Frontal lobe 

and dura 

Nodular 

sclerosis 

Excellent 12 

months remission 

with XRT and CT 

[22] Deckert-

Schluter/1998 

62F Fronto-

parietal lobe 

Lymphocytic 

rich 

Excellent 13 

months remission 

with XRT and CT 

[23] Figueroa et 

al/2004 

23F Posterior 

Fossa 

Nodular 

sclerosis 

Excellent 3 months 

remission with XRT 

and CT 

[24] Hirmiz et 

al/2004 

38M Parietal lobe Nodular 

sclerosis 

Excellent 12 

months remission 

with XRT and CT 

[25] Subklewe/2007 65F Temporal lobe Mixed 

cellularity 

Excellent 18 

months remission 

with reduction of 

immunotherapy 

medications and 

XRT 

[26] Morawa et 

al/2007 

51M Frontal lobe Relapse of 

mixed-

cellularity 

Excellent, 

unknown follow 

up, remission with 

XRT and CT 

[27] Apollonsky et 

al/2008 

22F Frontal lobe Nodular 

sclerosis 

Excellent, 48 

months remission 

with XRT and CT 

[28] Gerstner et 

al/2008 

46M, 72M, 37F, 19M, 44M, 

23M 

Unknown Unknown 

 

5/8 patients are 

alive without 

disease progression 

at 10 months, only 

2/8 alive at 35 

months  

[29] Almhanna et 

al/2009 

65M Temporal lobe Nodular 

sclerosis 

Poor response, 

resection followed 

by XRT and CT  

[30] Torgerson et 

al/2011 

79F Temporal lobe Nodular 

sclerosis  

Poor response, 

received only XRT 

[31] Gressi et 

al/2013 

77M, 59M, 65F Cerebellum, 

Brain stem, 

Temporal lobe 

Unknown  77M – Excellent 

with XRT, NED  

59 M – N/A 

65 F – Excellent 

with CT, NED  

[32] Van 

Blydenstein et 

al/2014 

41M Parietal lobe Nodular 

sclerosis  

Poor response, no 

treatment given, 

DOD  

[33] Szczepanek et 

al/2020 

33F Temporal lobe 

and 

cerebellum 

mixed 

cellularity  

Excellent, complete 

regression with 

XRT and CT  

[34] Ahmed et 

al/2021 

35M Parietal lobe Lymphocyte 

rich 

Disease 

progression after 

multiple rounds of 

CT  

[35] Lee et al/2024 27M Dura Lymphocyte 

rich  

Excellent response 

with CT and SCT  
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XRT: radiation therapy, SCT: stem cell transplantation, CT: computed tomography, N/A: not available, and NED: 

no evidence of disease. 
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