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Background. Vascular endothelial growth factor/receptor (VEGF/R) inhibitors are used in chemotherapy protocols to limit tumor
angiogenesis. Recent evidence shows they are associated with hoarseness, but their impact on vocal cord function has not been
fully identifed. Objectives. To describe the preliminary laryngeal fndings in patients undergoing chemotherapy with VEGF/R
inhibitors, and to describe possible mechanisms of their efect on vocal fold function. Methods. A retrospective case series was
conducted in a tertiary medical center between July 2008 and August 2022. Cancer patients developing hoarseness while un-
dergoing chemotherapy with VEGF/R inhibitors underwent videolaryngostroboscopy. Results. Te study included four patients.
Tere were three females and one male, treated for breast, lung, and unknown primary cancer, respectively. All 4 patients
developed hoarseness 2–7 days after initiating treatment with the VEGF/R inhibitor drugs afibercept (n� 1) and bevacizumab
(n� 3). In all patients, videolaryngostroboscopy revealed vocal fold bowing and pronounced glottic insufciency. Tere were no
signs of mucositis or paralysis. In three patients, treatment involved speech therapy, with or without vocal fold augmentation.Te
average follow-up was 10months (range 8–12months). In 2 patients, there was a return of normal voice quality with resolution of
vocal fold bowing. In one patient, who remained on chemotherapy, there was persistent bowing. Conclusions. VEGF/R inhibitors
are associated with vocal fold bowing and glottic insufciency. Tis appears to be a reversible side efect. To our knowledge, this is
only the second clinical description of the efect of VEGF/R inhibitors on vocal fold function.

1. Introduction

VEGF is a key factor in angiogenesis [1–7]. Trough acti-
vation of the VEGF receptor (VEGF/R), it stimulates vas-
cular endothelial cell proliferation and promotes endothelial
cell survival [8, 9]. Aberrant angiogenesis has been impli-
cated in cancer proliferation and metastasis [10]. Inhibition
of VEGF/R signaling has emerged as a signifcant anticancer
strategy.

With the increased use of VEGF/R inhibitors in che-
motherapy protocols, consistent side efects have become
apparent. Side efects such as hypertension [11, 12], hem-
orrhage [13], proteinuria, thrombosis, and poor wound-
healing [14] are well documented. Recently, several case
series have identifed dysphonia as an additional

complication [15, 16], which appears dose-related [17]. Only
one study [18] has described the clinical appearance of the
vocal folds following VEGF/R inhibitor therapy. Te pur-
pose of our study was to add to this growing body of lit-
erature by describing the laryngeal fndings in patients
undergoing chemotherapy with VEGF/R inhibitors and to
discuss possible mechanisms for their efect on vocal fold
function.

2. Methods

A retrospective case series was performed in a tertiary
medical center between July 2008 and August 2022. Cancer
patients who developed voice change during or closely
following chemotherapy (less than 1month) with VEGF/R
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inhibitors were included. Recordings of video-
laryngostroboscopic examinations of each patient were
reviewed. Vocal folds were evaluated for mucositis, hem-
orrhage, and mass lesions. During phonation, the vocal folds
were evaluated for symmetry, amplitude, periodicity, mu-
cosal wave, and glottic closure. Maximum phonatory time
using sustained phonation of the vowel/e/was routinely
recorded in our assessment, and the data were used for this
case series.

Voice samples were obtained in a sound-treated room at
comfortable loudness and pitch. Voice analysis was per-
formed with the Kay/Pentax CSL (Computer Speech Lab-
oratory) Model 4500 and the MDVP (Multi-Dimensional
Voice Program). Patients were asked to sustain the vowel/a/
for four seconds, and the following acoustic variables were
measured: average fundamental frequency (F0), relative
average perturbation (RAP), jitter, shimmer, noise-to-
harmonic ratio (NHR), and voice turbulence index (VTI).

2.1. Statistical Analysis. Data analysis was performed using
SPSS-22 for Windows (Statistical Package for the Social
Sciences, SPSS Inc., Chicago IL, USA®). Te variables were
investigated using visual (histograms and probability plot)
and analytical methods (Kolmogorov–Smirnov/Shapir-
o–Wilk test) to determine whether or not they were nor-
mally distributed. Categorical variables were interpreted by
frequency tables. We performed analyses to describe and
summarize the distributions of variables. Te continuous
variables were expressed as mean and standard deviation or
as median and interquartile range, depending on the nor-
mality of their distribution. In two diferent periods of the
disease, paired Student’s t-test was used for variables with
normal distribution. Te statistically signifcant two-
tailedp value was considered as p< 0.05.

3. Results

Four patients (three females and 1 male, aged 45, 52, 65, and
64, respectively) were included in the study (Table 1). Te
primary diagnoses were lung, breast, lung, and colon cancer,
respectively. None of the patients smoked or had preexisting
laryngeal disease. Tey denied symptoms related to gastro-
esophageal refux, or refux laryngitis. Patients 1, 2, and 4
received VEGF/R inhibitor bevacizumab, while patient 3
received afibercept. All 4 patients developed dysphonia
2–7 days following the initiation of VEGF/R inhibitors.
Video laryngostroboscopy revealed vocal fold bowing,
a midline glottic gap, and glottic insufciency in all patients.
Photos of Patient 4 in full abduction and adduction are
shown in Figures 1(a) and 1(b). Te average maximum
phonatory time (MPT) was 4.7 seconds (range 4 to
6 seconds). 3 patients underwent speech therapy. Te av-
erage duration of dysphonia following initiation of VEGF/R
inhibitor therapy was 6.7months (range 4 to 10months).
Te average follow-up was 10months (range 8–12months).
In patients 2 and 3, there was a return of normal voice
quality with resolution of vocal fold bowing. In patient 1,
who remained on chemotherapy, there was persistent left-

sided bowing. Patient 4 remains on VGEF/R inhibitor
therapy and at this time is not interested in pursuing in-
terventions. Acoustic analysis was included in the study
(Table 2). Te average jitter was 4.11% (range 3.03% to
5.19%). Te average shimmer was 7.59% (range 5.98% to
9.23%). Te average HNR was 26.75 (range 24 to 31). Te
average GRBAS score was 4.75 (range 4–6). Te average
VHI-10 score was 18.5 (range 13–22). In patients 2 and 3,
there was return of normal parameters with the average
maximum phonatory time (MPT) of 19s, average jitter
0.91%, average shimmer 2.46%, average HNR 18, GRBAS
score 0, and average VHI-10 score of 4 after the end of
VEGF/R inhibitor therapy.

4. Discussion

Abnormal angiogenesis, a hallmark of cancer proliferation,
growth, and metastasis, is mediated by various proangiogenic
factors. Te VEGF pathway is one of the most important and
best-studied angiogenic pathways. Inhibition of this pathway
has emerged as a breakthrough in treating cancer patients
[10]. Two common VEGF/R inhibitors used in conjunction
with chemotherapy regimens are afibercept and bev-
acizumab. Afibercept is a protein comprised of segments of
the human VEGF/R [19]. It functions as a decoy receptor for
VEGF, thereby preventing VEGF from binding to its cell
receptor and inhibiting tumor metastasis. Antitumor activity
has been observed in ovarian carcinoma [20]. Bevacizumab is
a monoclonal anti-VEGF antibody [21]. It prevents VEGF/R
binding and inhibits the growth of tumor blood vessels. In
conjunction with certain chemotherapy regimens, bev-
acizumab has demonstrated improved survival in colorectal
cancer [11] and non-small-cell lung cancer [22, 23].

Voice change, hoarseness, and vocal fold palsy are well-
documented side efects of several chemotherapy agents
including vinca alkaloids [24] and cisplatin [25]. Recently,
voice change has been observed in patients receiving che-
motherapy treatment protocols that include VEGF/R in-
hibitor drugs [17, 18, 26]. In our small series, the dysphonia
was secondary to bilateral vocal fold bowing with glottic
insufciency. In 2 patients, there was also evidence of mild
vocal fold atrophy. Te underlying pathophysiology for
these clinical fndings is not clear, but there are several
possible mechanisms. First, VEGF is implicated in neuro-
protection [27, 28]. Quattrini et al. showed the correlation
between the severity of diabetic neuropathy and a decrease
in VEGF [27]. Tey proposed that reduced VEGF levels
might promote motor neuron degeneration by limiting
neural tissue perfusion. It is possible that partial or selective
recurrent laryngeal nerve denervation could produce tran-
sient vocal fold bowing with preserved mobility. Selective
laryngeal EMG studies would be required to clarify this
issue. Second, VEGF/R inhibitors might have an impact on
vocal fold anatomy. Growth factors have been implicated as
having a role in vocal fold lamina propria regeneration [29].
Hirano et al. demonstrated that injection of basic fbroblast
growth factor (bFGF) to an aged and atrophic vocal fold
resulted in improved mucosal wave and resolution of glottic
insufciency [29]. VEGF is known to stimulate collagen and
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elastin synthesis by smooth muscle [30]. It is possible that
local changes in VEGF levels could infuence the lamina
propria characteristics and lead to vocal fold bowing and
mucosal atrophy. Tird, VEGF has been implicated in
muscle regeneration. VEGF/R inhibitors have been reported
to induce muscle weakness and pain [16]. Fourth, VEGF/R
inhibitors may have a synergistic efect with other neuro-
toxic chemotherapy agents, such as cisplatin and paclitaxel,
on neural dysfunction by inhibiting neural microvasculature
function. Kirchmair et al. showed that VEGF gene therapy
reversed cisplatin-induced neuropathy by restoring neural
blood fow and peripheral nerve function [31]. Of note is that
one of our patients (patient 1) presented with vocal fold
hemorrhages. Bleeding and thromboembolic events have
been associated with VEGF/R inhibitor treatment [16]. Fifth,
VEGF/R inhibitors induce endothelial apoptosis with cap-
illary regression in selected organs. Capillaries on larynx
may be sensitive to VEGF/R inhibitors and undergo re-
gression [32]. Tese proposed mechanisms are hypothetical
with no studies proving the direct association between these
clinical fndings and patients receiving VEGF/R inhibitor
drugs. A real association would only be possible with
a prospective series or even in animal experiments.

In our small series, the vocal fold dysfunction induced by
VEGF/R inhibitors appeared to be reversible. Although one
patient (patient 2) required a vocal fold medialization, her
bowing at the time of injection was unilateral and mild and
signifcantly improved compared to her initial examination.
Patient 1 remained on chemotherapy with persistent bow-
ing, but in between each cycle of therapy, she reported voice
improvement. We recognize that this is a small series, and
further study is required to determine the reversibility of
VEGF/R inhibitor therapy on voice quality.

Te VEGF/R inhibitor drugs in this series were given in
combination with other chemotherapy agents, which may
cause voice change themselves [25]. However, we have not
previously encountered the specifc fnding of vocal fold
bowing in patients receiving chemotherapy protocols that
did not include VEGF/R inhibitors. A larger prospective
series with patients receiving solely VEGF/R inhibitors are
required to confrm our observations.

5. Conclusion

Voice change has been reported as an adverse efect of
chemotherapy treatment protocols with VEGF/R inhibitor
drugs. However, to our knowledge, this is only the second
clinical description of their efect on vocal fold function. Te
underlying pathophysiology, which may represent neu-
ropathy, myopathy, or a loss of the lamina propria, requires
further investigation.

Data Availability

Te retrospective data used to support the fndings of this
study are included within the article.

Disclosure

Te paper was presented in part as a poster at the Academy
of Otolaryngology/Head & Neck Surgery Annual Meeting,
October 6, 2009, San Diego, CA, United States.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Table 2: Acoustic analysis.

G Age MPT
(s)

Jitter
(%)

Shimmer
(%) HNR F0 GRBAS VHI-10

1 F 45 5 3.025 5.982 25 158 5 22
2 F 52 5 4.255 7.895 27 170 4 18

18 0.950 2.525 19 206 0 5
3 M 64 4 3.980 7.255 31 145 6 21

20 0.865 2.388 17 120 0 3
4 F 65 6 5.185 9.230 24 175 4 13

(a) (b)

Figure 1: (a) Patient 4: vocal fold abduction. (b) Patient 4: vocal fold adduction. Midline glottic gap is noted.
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