Letters to the Editor

the surgical specimen precludes the possibility of neuro-
pathological assessment of invasion and leads to a second
question: “should pathologists report the presence/absence
of brain tissue with which to assess invasion?” Previous
studies have shown that extensive and systematic surgi-
cal sampling in combination with thorough histopathology
assessment increases reporting of brain invasion.* Here we
propose a possible paradigm.

Neurosurgeon’s role:

e Label samples known or likely to contain brain tissue as
“tumor-brain interface.”

Neuropathologist’ role:

¢ Inspect highlighted samples for the presence of brain
tissue.

Based on the above, the following statements can be made:

1. Brain invasion present
2. Brain invasion absent

A more pertinent question is whether the time is ripe to move
away from histopathology definitions and rely on identifying
molecular markers of recurrence and response to therapy—
so-called molecular oncology. Although this is possible for
gliomas, our molecular understanding of meningiomas is
insufficiently developed at the present time. Accurate grading
and systematic tissue collection for research as part of an inter-
national collaboration are required due to the rarity of atypical
(and anaplastic) meningiomas.
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Long-term control and
partial remission after
initial pseudoprogression of
glioblastoma by anti-PD-1
treatment with nivolumab
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Immunotherapy has long been considered a promising
treatment approach without, however, making significant
overall progress over several decades. Only with the intro-
duction of immune checkpoint inhibitors and advanced vac-
cines have these drugs gained widespread use in oncology.
The role of immune checkpoint inhibitors such as antibod-
ies blocking programmed cell death (PD)-1 signaling against
primary brain tumors remains to be determined, since
data from randomized trials are lacking so far.? Still, it has
already been recognized that various immunotherapeutic
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T1-weighted contrast-enhanced MRI showing stable disease during (9/2014) and tumor progression after 6 cycles of maintenance temo-

zolomide (11/2014). Tumor progression was confirmed by MR perfusion (bottom). The MRI scan 3 months after initiation of nivolumab treatment
(3/2015) demonstrates increased contrast enhancement and pronounced edema. Subsequent MRI scans during ongoing nivolumab treatment

indicate partial remission and durable tumor control.

strategies may result in imaging changes which repre-
sent a challenge in differentiating true tumor progression
from immune-related pseudoprogression. We report on a
60-year-old patient in whom glioblastoma was diagnosed
in 2014. Molecular profiling revealed no isocitrate dehydro-
genase mutation and an unmethylated O8-methylguanine
DNA methyltransferase promoter status. The patient under-
went standard treatment consisting of radiotherapy with
concomitant temozolomide chemotherapy followed by 6
cycles of maintenance temozolomide. MRI after comple-
tion of 6 cycles of temozolomide demonstrated increased
contrast enhancement indicating tumor progression, which
was further corroborated by perfusion imaging. A deci-
sion was made to initiate treatment with the PD-1 inhibitor
nivolumab within a clinical trial. Clinically, the patient pre-
sented in overall good performance status but had episodes
with pronounced aphasia that required transient treatment
with steroids. MRI after 3 months of PD-1 inhibitor therapy
demonstrated increased edema and contrast enhancement
(Fig. 1). Because of the clinically stable situation, a deci-
sion was made to continue nivolumab therapy. Subsequent
MR imaging revealed a continuous shrinking of the tumor,
and the patient has now been on nivolumab treatment for
almost 2 years (Fig. 1). Treatment with nivolumab was toler-
ated without relevant toxicity and the patient has been clini-
cally stable without needing further steroid medication.

The clinical and imaging course of this patient highlights
the potential therapeutic activity, but also the challenges

associated with the use of PD-1 inhibitors in glioblastoma
patients. First, it must be assumed that the therapeutic
effects following PD-1 inhibition may only occur after sev-
eral months of treatment, most likely because of the delayed
reinvigoration of the immune system. Furthermore, antitu-
mor immune responses may be associated with increased
edema and contrast enhancement due to immune cell infil-
tration and inflammation. The corresponding MR findings
need to be interpreted with caution, since the differentiation
of immune-related pseudoprogression and true progression
can be challenging. This has been addressed by the recently
developed immunotherapy Response Assessment for
Neuro-Oncology (iRANO) criteria.> Hence, premature cessa-
tion of PD-1 inhibitor therapy should be avoided in order to
allow these drugs to fully exert their therapeutic potential.

In summary, this is one of the first reports supporting the
idea that PD-1 inhibition can exert strong therapeutic activity
against glioblastoma. Furthermore, the clinical course over
almost 2 years as well as the MRI findings suggest that PD-1
inhibition may result in long-lasting tumor control following
initial pseudoprogression.
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