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Abstract

Laryngeal transplant (LT) is a promising option to restore quality of life in patients with severe
laryngeal dysfunction or a laryngectomy. These patients may be tracheostomy tube dependent or
gastrostomy tube dependent and may lose their ability to verbally communicate. The loss of these
important functions frequently results in social isolation and a severe decrease in quality of life.
Laryngeal transplant has the potential to restore all of these important laryngeal functions. Herein, we
report the first known documented LT performed in the setting of laryngeal chondrosarcoma.
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O n February 29, 2024, our team
performed a total laryngeal trans-
plant (LT) on a patient with active

laryngeal chondrosarcoma. This was the
third documented LT in the United States.
Laryngeal transplant is an example of vascu-
larized composite allograft transplantation,
in which multiple tissue components are
transplanted. These components can include
the larynx, pharynx, esophagus, trachea,
thyroid and parathyroid glands, neurovascu-
lar structures, and skin.

HISTORICAL PERSPECTIVE
To date, only 3 case reports with detailed in-
formation about human total LT have been
published, all from different institutions.
The first human total LTwas successfully per-
formed in the United States in 1998.1 The pa-
tient was a 40-year-old man in whom
laryngeal stenosis developed after a motor
vehicle accident. Postoperatively, he began
speaking at 3 days, and his voice was consid-
ered normal after 36 months. He was able to
swallow without aspirating 3 months after
surgery. He kept his tracheotomy as a precau-
tion. The larynx was explanted after 14.5
years because of chronic rejection.2
Mayo Clin Proc. n September 2024;99(9):1445-1448 n http://dx.doi
www.mayoclinicproceedings.org n ª 2024 Mayo Foundation for M
including those for text and data mining, AI training, and similar te
The second transplant was performed in
the United States in 2010 for a 51-year-old
woman with acquired laryngotracheal steno-
sis.3 She was already receiving long-term
immunosuppression for a kidney-pancreas
transplant. She was able to speak at 14
days, and her voice was nearly normal at
18 months. At 11 months, she was able to
eat a normal diet. She continues to be trache-
ostomy tube dependent.

A third LT was performed in Poland in
2015.4 This patient was a 34-year-old man
receiving immunosuppression for a kidney
transplant. A T3N1 laryngeal squamous cell
cancer developed, and he underwent a total
laryngectomy with postoperative irradiation.
Severe fistulas and infections developed after
radiation therapy. He was disease free from
laryngeal cancer for 6 years at the time of
his LT and was considered cured. Initial
voice production occurred at 14 days, and
he was speaking normally at 2 years. He is
eating without difficulty. He was the first
LT patient to have his tracheostomy closed.

A review was recently published summa-
rizing 11 transplant patients, which included
the 3 discussed here.5 Two additional trans-
plants have been reported without details.6,7
.org/10.1016/j.mayocp.2024.07.001
edical Education and Research. Published by Elsevier Inc. All rights are reserved,
chnologies.

1445

http://crossmark.crossref.org/dialog/?doi=10.1016/j.mayocp.2024.07.001&domain=pdf
https://doi.org/10.1016/j.mayocp.2024.07.001
http://www.mayoclinicproceedings.org


MAYO CLINIC PROCEEDINGS

1446
CURRENT INDICATIONS AND CHALLENGES
The previous cases have demonstrated that
human LT can be a viable option for select
candidates and result in significant quality
of life improvement. However, widespread
use of LT has not been adopted for various
reasons. The surgery is technically difficult
and requires a collaborative team. Because
of synkinetic reinnervation of the recurrent
laryngeal nerves, vocal fold function is diffi-
cult to predict. The requisite lifelong immu-
nosuppression and its associated risks deter
many surgeons from performing LT. Current
dogma prevents the use of immunosuppres-
sion in patients who have active cancer
because of the concern of increasing recur-
rence or metastasis risk. This significantly
limits the number of potential LT candidates
because most patients who would benefit
have laryngeal cancer. More research is
needed to better understand the potential
utility of LT and to expand the candidate
pool. Until now, there has been no dedicated
human clinical trial evaluating the safety and
efficacy of LT.

OUR PROGRAM
Our team at Mayo Clinic in Arizona has
established the Larynx and Trachea Trans-
plantation Program. The program includes
both discovery science and a human clinical
trial. The clinical program has been
approved by the United Network for Organ
Sharing. As a part of the program, we are
conducting a clinical trial of multiple LTs
to provide a consistent place dedicated to of-
fering LT, better understanding its safety and
efficacy, and expanding its utility. Further-
more, we are studying the ethics and patient
expectations of LT to provide better
informed consent. Our efforts have demon-
strated feasibility and patient desire for LT.
To date, more than 60 patients have been
referred from outside providers, self-
referred, or recruited within our hospital.

OUR FIRST PATIENT
Our team performed a total LT on February
29, 2024. The patient is a 59-year-old man
who had previous subtotal resections of a
low-grade chondrosarcoma with various
Mayo Clin Proc. n September 2024;99
attempts at complex reconstruction. Subtotal
resection is a standard practice for low-grade
chondrosarcoma, given the slow-growing
nature and low risk for metastasis of this
cancer. The multiple surgeries and recon-
structive attempts resulted in a nonfunc-
tional larynx. The patient was
tracheostomy tube dependent because of se-
vere stenosis. He had a severely strained
voice that limited his ability to communi-
cate. He was able to swallow with some dif-
ficulty. However, his ability to swallow
without aspirating was thought to be sec-
ondary to his severe laryngeal stenosis pre-
venting aspiration, not proper swallow
function. Any attempts at opening the pa-
tient’s laryngeal airway would likely have
resulted in aspiration and loss of ability to
swallow safely. The only remaining option
to completely eradicate the laryngeal chon-
drosarcoma and to improve his ability to
communicate was to perform a total laryn-
gectomy. Any other option would not have
had the same chance at cure and would
have likely worsened any remaining laryn-
geal function.

The patient was already receiving immu-
nosuppression from a previous kidney trans-
plant. Therefore, there were no added long-
term risks from immunosuppression.
Because low-grade chondrosarcomas have a
low likelihood of metastasizing, the patient
and our team believed that the potential
benefit of waiting for a transplant donor out-
weighed the risks. After the surgery, patho-
logic analysis of the removed diseased
larynx did demonstrate an area of intermedi-
ate-grade chondrosarcoma. All surgical mar-
gins were negative.

During the surgery, the larynx, pharynx,
proximal esophagus, proximal trachea, thy-
roid gland, and parathyroid glands were
transplanted (Figure). We anticipate recov-
ery of laryngeal functions to take a minimum
of 1 year because of the slow recovery of
nerve function and the time needed to train
appropriate laryngeal mechanics. At this
early stage, the patient is able to communi-
cate with a voice quality estimated to be
about 60% of normal, to swallow liquids
and solids without limitation but not yet at
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www.mayoclinicproceedings.org

https://doi.org/10.1016/j.mayocp.2024.07.001
http://www.mayoclinicproceedings.org


FIGURE. The composite transplant included the larynx, pharynx, proximal esophagus, proximal trachea,
thyroid gland, parathyroid glands, recurrent laryngeal nerves, and superior laryngeal nerves. The
vasculature is not shown.

FIRST TOTAL LARYNGEAL TRANSPLANT FOR MALIGNANCY
a volume high enough to have his gastric
feeding tube removed, to cap his tracheos-
tomy tube intermittently, and he has
regained sensation to the transplanted lar-
ynx. The patient is happy with his decision
to have an LT and has no regrets.

FUTURE OF LARYNGEAL
TRANSPLANTATION
Although our transplantation in the setting
of active cancer is another step toward
expanding LT indications, more needs to
be done before LT can be used to its full po-
tential. In the opinion of our team, primary
areas of focus should include better under-
standing ethical implications and patient ex-
pectations, optimizing proper vocal fold
movement after transplantation, reducing/
removing the need for immunosuppression,
and safely using LT for patients with more
aggressive forms of laryngeal cancer.
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Exciting work in these areas is being per-
formed by our team and others.8-10 Our
team envisions a day in the near future
when LT can be performed in active cancer
patients with minimal immunosuppression
and volitionally controlled vocal folds.
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