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ARTICLE INFO ABSTRACT

Keywords: T-cell immune attack of cancer cells underlies the efficacy of immune checkpoint inhibitors in many cancer
Glioblastoma subtypes, but is not yet well established in the primary brain cancer glioblastoma. Immune checkpoint inhibitor
Lympk_loc}’fic treatments that disinhibit the immune system to enhance immune clearance of cancer have in rare cases resulted
Ganglionitis in T-cell attack of peripheral ganglia causing lymphocytic ganglionitis. In glioblastoma, lymphocytic ganglionitis
CD8 N . .

Tcell has not been reported and checkpoint inhibitors are not routinely used. Here we report a case of glioblastoma not
Paraneoplastic treated with checkpoint inhibitors in which the primary tumor and peripheral ganglia of the celiac and sym-

pathetic chains, as well as myenteric plexus, are infiltrated by CD8™* cytotoxic T-cells. In addition to the marked
lymphocytic infiltrates, this case is also notable for an unusually long survival (8 years) after diagnosis with
glioblastoma, but an ultimately fatal outcome due to ileus. The findings suggest T-cell immune attack of glio-
blastoma may prolong survival, but also suggest T-cell autoimmune diseases such as lymphocytic ganglionitis

could become a risk with the future use of immune-targeted therapies for glioblastoma.

1.1. Case report

A 57-year-old man with a known history of right temporal lobe
glioblastoma W.H.O. grade IV presented with increasing somnolence
and confusion from a rehabilitation center. His glioblastoma was di-
agnosed 8 years prior and his treatment course included gross total
resection along with multiple cycles of chemotherapy and radiation
treatment. During his hospital course he developed increasing abdom-
inal distention. Imaging at this time showed large intestine dilatation
(megacolon) and was concerning for ileus and a sigmoid volvulus.
Further intervention with a flexible sigmoidoscopy for decompression
was deemed unsafe after the patient became hypotensive. He continued
to decline and subsequently passed.

A full autopsy was performed according to institutional standard
operating procedures. Gross examination showed marked colonic dis-
tention without evidence of perforation, as well as focal adhesions. The
brain and spinal cord were removed and subsequently examined after
fixation. The fresh brain weighed 1340 g. The brain was sectioned,
which grossly showed tissue loss and encephalomalacia of the right
temporal lobe and hippocampus, at the site of the patient's prior sur-
gical resection.

Given the patient's extraordinarily long survival, the original tumor
resection was evaluated further to confirm the diagnosis of

glioblastoma and also to evaluate for an adaptive cell-mediated im-
mune reaction. Sections showed a diffusely infiltrating, hypercellular
lesion composed of severely atypical astroglial cells, numerous mitotic
figures, prominent microvascular proliferation, and pseudopalisading
necrosis supporting the histologic diagnosis of glioblastoma (W.H.O.
grade IV) (Fig. 1A). Immunohistochemistry demonstrated that the
tumor cells were diffusely positive for GFAP with a subset also positive
for Olig2. Scattered tumor cells showed weak positivity for P53, con-
sistent with a non-mutated wild-type pattern. Immunohistochemistry
for the IDH1 R132H specific mutation was negative. Ki67 demonstrated
a high proliferation index labeling 30-40% of tumor cells (data not
shown). Together, these data support a diagnosis of glioblastoma, IDH1
(R132H) wild-type, W.H.O. grade IV. Importantly, prominent perivas-
cular lymphocytic cuffs and tumor infiltrating lymphocytes were ob-
served (Fig. 1B), composed of CD3-positive T-lymphocytes (Fig. 1C),
including an admixed population of CD4-positive helper T-cells
(Fig. 1D) and CD8-positive cytotoxic T-cells (Fig. 1E). Tumor in-
filtrating lymphocytes, particularly CD8-positive cytotoxic T-cells, were
often observed in clusters surrounding tumor cells or with cytoplasmic
processes directly touching tumor cells (Fig. 1E). Furthermore, gran-
zyme positive polarized granules were observed in lymphocytes, in-
dicating an active cytotoxic immune response against tumor cells
(Fig. 1F). CD20-positive B-cells and CD138-positive plasma cells were
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Fig. 1. Tumor-infiltrating lymphocytes. (A-F) Original tumor resection and (G-L) postmortem brain residual/recurrent glioblastoma contain a prominent perivascular
and tumor-infiltrating lymphocyte population (B, G). Immunohistochemistry identifies numerous CD3-positive T-lymphocytes (C) composed of a mixture of CD4-
positive (D) and CD8-positive (E, H) T-cells. Granzyme-positive granules polarized toward tumor cells (F, I). Leptomeningeal lymphocyte infiltrates (J) are composed
of CD20-positive B-cells (K) and CD138-positive plasma cells (L). Magnification: A, G: 100x; B, C, D, J, K, L: 200 x; F, H, I: 600 X .

also observed within the tumor-infiltrated brain parenchyma, but were
rare compared to CD3-positive T-lymphocytes (data not shown).
Microscopic examination of the autopsy-derived brain tissues
identified recurrent/residual glioblastoma with features similar to those
of the initial resection 8 years prior, including pseudopalisading ne-
crosis, microvascular proliferation, and brisk mitotic activity, but also
with large areas of radiation necrosis. Prominent perivascular lym-
phocytic cuffs and extensive lymphocytic infiltration within the tumor
were again observed (Fig. 1G), composed predominantly of CD3-posi-
tive T-lymphocytes with an admixed population of CD4-positive helper
T-cells and CD8-positive cytotoxic T-cells (Fig. 1H). Again, granzyme
positive polarized granules were observed in lymphocytes (Fig. 1I).
Interestingly, a significant leptomeningeal inflammatory infiltrate was
observed adjacent to the recurrent/residual tumor (Fig. 1J), composed

of many CD20-positive B-cells (Fig. 1K) and CD138-positive plasma
cells (Fig. 1L). Notably, very few lymphocytes were observed in brain
regions uninvolved by tumor (data not shown).

Based on the clinical evidence of megacolon, peripheral nerves and
ganglia were sampled at the time of autopsy, including the sympathetic
chain ganglia (Fig. 2A-E) and celiac ganglia (not shown). Samples from
these peripheral ganglia showed a patchy dense CD3-positive lympho-
cytic infiltrate (Fig. 2B), consistent with lymphocytic ganglionitis. The
infiltrating lymphocytes were a mixture of CD4- and CD8-positive cells
(Fig. 2C, D, respectively). There was a notable absence of CD20-positve
B-lymphocytes in the involved ganglia (Fig. 2E). Additionally, the
myenteric plexus of the colon showed foci of lymphocytic infiltration of
the ganglion cells (Fig. 2F) composed of CD3-positive T-lymphocytes
(Fig. 2G).
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Fig. 2. Lymphocytic ganglionitis (A-E) Sympathetic chain ganglia and (F-G) myenteric plexus ganglia with abundant CD3-positive lymphocytes (B, G) composed of
both CD4 and CD8-positive T-cells (C, D, respectively). CD20-positive B-cells were absent from these same lesions (E). Magnification: A, F, G: 600 X ; B-E: 400 X .

One consideration is the remote possibility that the lymphocytic
ganglionitis observed in this case is unrelated to the T-cell reaction to
the glioblastoma and instead is caused by other etiologies. Therefore,
we examined the tissue for other potential causes of lymphocytic
ganglionitis. Case reports of herpes simplex virus (HSV) and varicella
zoster virus (VZV) associated ganglionitis exist with prominent lym-
phocytic infiltrates and neuronophagia (Gilden et al., 2003; Mitchell
et al., 2003; Valyi-Nagy et al., 2017). However, this patient's cere-
brospinal fluid and serum prior to death were negative for various in-
fectious entities, including syphilis (VDRL), HSV (PCR), enterovirus
(PCR), and Cryptococcus (ELISA). Furthermore, CSF and blood cultures
were negative for growth of bacteria, fungi, and mycobacteria. Ad-
ditionally, VZV and HSV immunohistochemistry were negative in both
the sympathetic and celiac ganglia of the autopsy-derived tissue (data
not shown). Finally, this patient had no other known autoimmune
diseases, such as Sjogren's Syndrome, or connective tissue disorders,
both of which have been associated with sympathetic ganglionitis
(DeSchryver-Kecskemeti and Clouse, 1989; Griffin et al., 1990;
Oaklander, 2016).

Considering the robust T-lymphocyte immune cell infiltrate of the
glioblastoma concurrent with the infiltrate of the sympathetic and
myenteric ganglia, these findings support the diagnosis of T-lymphocyte
autoimmune ganglionitis in the setting of glioblastoma (i.e. T-cell
paraneoplastic ganglionitis) involving the celiac and sympathetic
chains, as well as myenteric plexus ganglia.

1.2. Discussion

Glioblastoma has been associated with various manifestations of
immune system dysregulation and autoimmunity (Chongsathidkiet
et al., 2018; Rodriguez-Lobato et al., 2016; Woroniecka et al., 2018);
however in our literature review, lymphocytic ganglionitis has not been
previously described with this tumor type. Here we present a patient
with known glioblastoma with an extraordinarily long survival of eight
years. The host immune microenvironment is becoming increasingly
linked to local tumor control and overall survival (Pages et al., 2018)
and has opened an armamentarium of cancer immunotherapeutics in-
cluding immune-directed monoclonal antibodies, immune check point
inhibitors, and chimeric antigen receptor T-cell infusion (Ottaviano
et al., 2019; Sukari et al., 2019). This patient's prolonged survival may
relate to the extensive lymphocytic infiltrates of the patient's glio-
blastoma. However, this ultimately led to an autoimmune lymphocytic
ganglionitis that impaired function of the patient's gastrointestinal
tract. As has been described previously, myenteric plexus ganglionitis
can result in intestinal obstructive symptoms that result in death
(Horoupian and Kim, 1982; Malhotra et al., 2011; Racalbuto et al.,
2008).

It is unlikely that this patient's prolonged survival is due to mis-
diagnosis of the original tumor resection. Pleomorphic xanthoas-
trocytoma (PXA) is occasionally mistaken for glioblastoma; however,
PXA typically arises in children/young adults and does not have a high
Ki67 proliferation index or pseudopalisading necrosis, as observed in
the patient's tumor (Shaikh et al., 2019). Other factors have been shown
to impart longer survival in patients with glioblastoma, including IDH
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mutations and MGMT promotor methylation (Czapski et al., 2018;
Gately et al., 2019). Although the MGMT methylation status of this
tumor is not known, the patient's tumor was negative for the most
common IDH mutation (IDH1 R132H) by immunohistochemistry.
While it is still possible that the tumor in this case harbors a different
IDH mutation, none of these factors (IDH and MGMT status), even in
combination, would be expected to impart the extraordinarily long
survival observed in this case. Indeed, the median overall survival in
patients with both IDH mutant and MGMT methylated glioblastoma
was only 36 months in one study (Yang et al., 2015). Furthermore, in a
large cohort of long-term glioblastoma survivors (defined as greater
than 5 year survival), the molecular characteristics between long-term
and short-term survivors were remarkably similar (Burgenske et al.,
2019). Thus, there are tumor extrinsic factors that have a significant
impact in long-term glioblastoma survivors.

Glioblastoma is remarkable in its ability to evade the immune
system and it exerts this effects on many aspects of immune system
function, particularly T-cells (Woroniecka et al., 2018). This ability of
glioblastoma to hijack the host immune system likely underlies the
challenges and limited success of immune mediated therapies for this
tumor subtype (Tomaszewski et al., 2019). One recent study demon-
strated that as many as 15% of treatment naive glioblastoma patients
have peripheral blood T-cell levels below 200 per pl, AIDS-defining
levels in HIV-infected individuals. They go on to demonstrate that T-
cells are sequestered in the bone marrow, disabling their ability to exert
anti-tumor effects (Chongsathidkiet et al., 2018). The patient described
in this report had high levels of peripheral CD4-positive T-cells
throughout his prolonged course with the disease (not shown). To-
gether, these results suggest enhancing the adaptive cellular immune
response to glioblastoma may lengthen survival, but it might also in-
crease the risk of lethal autoimmune disease.

1.3. Materials and methods

Consent for the autopsy was obtained from the decedent's next of
kin, which included provisions to save tissue for diagnostic and re-
search purposes. Autopsy was performed according to our department's
standard operating procedure. The brain and spinal cord were removed
and placed directly into 10% neutral buffered formalin and allowed to
fix for 14 days before sectioning. Formalin fixed paraffin embedded
tissue was sectioned and stained with H&E with or without luxol fast
blue prior to examination. All antibodies used in this study (CD3, CD4,
CD8, CD20, CD138, GFAP, Olig2, P53, Ki67, IDH1 R132H, VZV, HSV1/
2) were obtained from Dako (Agilent Pathology Solutions, Santa Clara,
CA). Immunohistochemistry staining was performed on a Dako
Autostainer Link48 (Agilent Pathology Solutions, Santa Clara, CA),
according to our institution's standard operating procedure.
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