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Exploring tumor-related language disorders: Pretreatment and post-treatment considerations ki
Introduction which is not surprising, given the number of cortical and subcortical

Over the past two decades, research in the field of neuro-oncology has
focused on investigating the impairments that arise following surgical
treatments and on developing strategies to alleviate them, particularly
through brain mapping and behavioral intraoperative assessment.'?
However, studying the deficits that brain tumors cause to language prior
to any treatment is equally important as these preoperative deficits can
not only offer crucial insights regarding the first clinical symptoms of the
disease, but they can also provide a unique window into the intricacies of
the language system. Furthermore, studying the different patterns of
neuroplasticity can enhance our understanding of how the language
network is reshaped after the occurrence of a brain tumor or its surgical
removal, ultimately fostering improvements in the overall quality of life
for patients undergoing treatment for brain tumors. The present
communication briefly discusses the relationship between brain tumors
and language functions within the context of neuro-oncology.

Pretreatment language deficits

The language deficits caused by brain tumors or their surgical
removal have been previously defined as cancer- or tumor-related apha-
sias. Several studies, especially during the early years of studying the
consequences of brain tumors in language, attempted to describe these
deficits according to the traditional syndrome taxonomy.> > Although all
these studies come from different eras and different research groups, they
share a common finding, that is, mild anomic aphasia is the most com-
mon aphasic symptom, whereas global aphasia is very rare. However, the
term “aphasia” and the traditional stroke taxonomy (e.g., Broca's or
Wernicke's) have been built on anatomical models of language that are
centered around cerebral arterial territories. Therefore, it is unknown if
they are adequate to provide accurate descriptions of the impairments
caused by brain tumors, which do not adhere to cerebral territorial
boundaries. We consider the term “tumor-related language disorders” as
more representative since it provides a more board scope of deficits
related to language.®

The specific language errors emerging in tumor-related language
disorders are not very different from vascular aphasias since they relate
to language itself, regardless of the underlying pathology. While anomias
and word-finding difficulties are the most prominent language symp-
toms, even from the early stages of the disease, other errors should not be
excluded. For instance, circumlocutions, agrammatism, semantic para-
phasias, phonological paraphasias, neologisms, and various acquired
dyslexia forms have also been reported.>’ Interestingly, anomic errors
and word-finding difficulties seem to be independent of tumor location,
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areas involved in naming.®’

Neuroplasticity and tumor-related language disorders

Compared to other pathologies where lesions develop suddenly, such
as strokes or traumatic brain injuries, brain tumors grow slowly, allowing
neuroplasticity to reorganize and relocate brain functions, thereby slowing
down the manifestation of symptoms or even temporally reducing their
severity.!%!! Such phenomena often challenge the traditional localiza-
tion view of language, as evidenced by numerous cases of patients with
similar symptoms but very dissimilar brain tumors or by patients with
similar brain tumors that exhibited different types of language impair-
ments.'®!! The current literature is not conclusive regarding the exact
factors that can accurately predict the type and severity of linguistic
deficits. Notably, tumor grade emerges as a critical factor since it has
been argued that slow-growing low-grade gliomas typically induce mild
symptoms, whereas aggressive and infiltrative tumors are more likely to
cause severe language deficits.>'? Regarding tumor volume and location,
in a promising research, Iuvone et al.'® concluded that tumor location has
more predictive value of neurocognitive deficits than tumor volume as it
was found that large tumors may cause fewer symptoms than smaller
tumors, which are located in essential for language cortical areas.

The dynamic nature of reorganization that is triggered by neuro-
plasticity at the pretreatment stage also highlights the importance of
brain mapping during awake brain surgery. According to Duffau's
“temporospatial hierarchical model for neuroplasticity,” functions can be
preserved within the tumor or relocated to perilesional, ipsilateral, or
even contralateral cortical areas, potentially unrelated to language.'’
Therefore, language mapping using electrical stimulation becomes
indispensable to identify eloquent cortical areas and protect them from
the resection process.

Moreover, neuroplasticity's influence extends to the postoperative
phase, as Duffau's model argues that different neuroplasticity patterns
(e.g., functions within the tumor, perilesional, ipsilateral, or contralat-
eral) have different predictive values regarding the recovery process, that
is, reorganization approximate to the lesion typically leads to better
outcomes compared to contralateral reorganization.

Iatrogenic (post-treatment) language deficits

The term iatrogenic deficits refer to impairments resulting from brain
tumor treatment, irrespective of the modality used, whether it involves
surgery (under general anesthesia or awake), radiotherapy, or
chemotherapy.
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Awake brain surgery typically results in lower rates of new neuro-
logical deficits, including language impairments, compared to proced-
ures under general anesthesia; however, postoperative deficits remain a
concern. Distinguishing between transient and permanent deficits is
crucial since certain symptoms, especially those caused by transient
factors like cerebral edema, may resolve quickly, unlike deficits resulting
from vascular injury or damage to eloquent brain regions, which could
lead to more permanent language impairments. This distinction is
frequently observed in studies focusing on post-treatment language dis-
orders, often revealing transient (and in many cases severe) deficits
following awake craniotomies, which rarely result in permanent
impairment. For instance, Gravesteijn et al.'* reported that 25% of pa-
tients who underwent awake brain surgery and 11% of those who un-
derwent surgery under general anesthesia experienced early severe
neurological deficits, including aphasia. While a significant proportion of
these deficits were transient for both groups, patients who underwent
surgery under general anesthesia developed more (new) permanent
neurological deficits than those who had awake brain surgery. Regarding
the type of postoperative deficit (regardless of the surgery type), it has
been argued again that anomias and word-finding difficulties are the
most dominant language symptoms.'®> However, various other types of
linguistic deficits are also possible, and in most cases, they can be pre-
dicted by the location of the resection. For example, resection of the left
supplementary motor area (SMA) may lead to a sudden inability to
initiate speech and language, or resection of white matter tracts origi-
nating from the left frontal operculum may lead to language production
deficiencies.

Radiotherapy, on the other hand, may induce transient impairments
during the acute phase, whereas delayed deficits may lead to permanent
impairments, such as dementia and aphasia, due to radiation necrosis.
Distinguishing radiotherapy-related deficits from those caused by
chemotherapy is difficult due to concurrent therapy administration in
most cases. Long-term deficits associated with chemotherapy, commonly
referred to as “chemo brain,” encompass a wide range of cognitive
functions, including language, executive functions, learning, memory,
visuospatial abilities, abstract reasoning, and motor coordination. Un-
derstanding and effectively managing iatrogenic language deficits are
paramount for optimizing patient outcomes and enhancing quality of life
following brain tumor treatment.

Therapy considerations and quality of life

In the literature, there is a general consensus that postoperative
therapeutic intervention, particularly speech and language therapy, is
highly beneficial for patients undergoing awake brain surgery and
experiencing permanent tumor-related language disorders. For example,
Thomas et al.'® reported very positive outcomes from language inter-
vention and proposed that all patients who undergo tumor surgery
should be followed by an interdisciplinary team. Another study found
that patients who received speech therapy the first three months after the
operation were more likely to recover to preoperative levels.!” Similarly,
Duffau et al.'® found that all tumor patients who went through speech
and language therapy demonstrated normal scores on the Boston Diag-
nostic Aphasia Examination at the postoperative assessment (3 months
later). Additionally, they reported that all patients returned to the same
social and occupational levels as before the operation. However, the
impact of brain tumors on patients’ health-related quality of life is
generally considered understudied, mainly due to the often-fatal
outcome of the disease and the relatively low incidence of brain
tumors.!%°

According to the International Classification of Functioning,
Disability and Health model (ICF; World Health Organization [WHO],
2001), brain tumors affect body functions, whereas the language
impairment might result either from tumor growth or tumor removal.
With respect to activity, the impact of language disorders on everyday life
can be devastating as adequate communication abilities are mandatory
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for most daily activities.’>?! The activity limitations may be also re-
flected in patient's participation in social life. Similarly to poststroke
aphasia, tumor-related language disorders may lead to social isolation,
loss of employment, and reduced leisure activities, diminishing patient's
psychosocial well-being.

Conclusions

In conclusion, the field of tumor-related language disorders remains
largely unexplored, particularly in the pretreatment stage. The conven-
tional syndrome classification, primarily designed for stroke-based
aphasias, may be inadequate to capture the complexities of language
deficits in brain tumor patients, where lesions are not centered around
cerebral arterial territories and neuroplasticity challenges traditional
localization views. Although word-finding difficulties are frequently
cited as the predominant symptom, both before and after treatment,
there is a scarcity of comprehensive studies that thoroughly explore
language deficits. Delving into the intricate relationship between tumor-
related language disorders and neuroplasticity promises valuable insights
and improvements into early symptomatology and detection, intra-
operative assessments, and postoperative trajectories. Bridging this gap
in understanding holds the potential to refine clinical practices and
optimize outcomes for patients who struggle with the challenges posed
by tumor-related language disorders.
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