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Abstract: The number of solid organ transplant recipients (SOTRs) is growing as a consequence of
an increase in transplantations and longer survival; these patients, thus, frequently suffer various
comorbidities and are subjected to the detrimental effects of immunosuppressive agents, which
expose them to a higher risk of developing malignancies. These drugs also complicate the surgical
treatment of neoplasms, as they can hinder wound healing, especially when associated with other
unfavorable factors (e.g., previous radiotherapy, diabetes, etc.). We herein present our experience
with a 74-year-old SOTR who underwent a radical extended parotidectomy and reconstruction
with a submental island flap for a persistent cutaneous squamous carcinoma after radiotherapy;
his complicated clinical course was characterized by incredibly slow wound healing. The current
literature was reviewed to provide a succinct overview of the main difficulties of head and neck
surgery in SOTRs. In particular, the immunosuppressive regimen can be tapered considering the
individual risk and other elements should be carefully assessed, possibly prior to surgery, to prevent
cumulative harm. New developments, including intraoperative monitoring of flap vascularization
through indocyanine green fluorescence video-angiography and the prophylactic application of
negative pressure wound therapy, when feasible, may be particularly beneficial for high-risk patients.

Keywords: head and neck surgery; solid organ recipients; wound healing; immunosuppressive
agents; reconstructive flaps

1. Introduction

Solid organ transplant procedures have increased in recent years, leading to a growing
cohort of long-survivor patients receiving chronic therapy with immunosuppressive agents,
which are known to have high potential impacts in the oncologic field [1–4]. In particular,
solid organ transplant recipients (SOTRs) have been shown to develop malignant neoplasms
with a frequency that is up to five times higher than the general population and which
increases proportionally with the time from transplant [1,3]; the ear-nose-throat (ENT)
district is not devoid of these implications, resulting, in particular, in a substantial increase
in the incidence of skin tumors, squamous cell carcinoma of the upper airways, and
sarcomas [1–3,5].

Pharmacological therapies to prevent organ rejection are not only risk factors for the
development of malignancies but may also represent a major obstacle for surgical treatment;
indeed, they have an antiproliferative activity on endothelial cells, fibroblasts, and smooth
muscle cells, consequently hindering inflammatory and reconstructive processes that are
necessary for proper healing [6,7].
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The presence of other conditions negatively impacting wound healing, such as pre-
vious radiotherapy (RT) diabetes mellitus, malnutrition, advanced age, smoking habit,
alcohol consumption, and endocrinological disorders increases post-surgical risks [8–10];
ENT surgeons having to deal with wound healing in these extremely difficult cases often
suffer frustrating failures, and the literature is scarce on the management of such specific
and difficult-to-treat patients [5].

We herein present our experience with a 74-year-old liver transplant recipient, who
underwent salvage surgery following radiotherapy for a persistent skin squamous cell
carcinoma (SCC) with parotid involvement; the pedicled submental island flap (SIF) used
for the reconstruction of the surgical deficit suffered severe difficulties in the engraftment
process and required prolonged wound care. In addition, the literature was reviewed
in search of other cases of reconstructive salvage surgery in transplant recipients and
how postsurgical complications were managed; papers in PubMed, Scopus, and Cochrane
databases were also searched for the most updated data on the epidemiology and etiology
of cancers (in particular head and neck malignancies) in SOTRs, as well as recommendations
regarding surgery, tapering of immunosuppressive therapy during the perioperative period
and management of complications in this population.

2. Case Presentation

A 74-year-old man was referred to our department for a persistent SCC of the skin of
the auricle following upfront RT performed at another hospital. The patient had a history
of liver transplantation for alcoholic cirrhosis 4 years prior and since then he had been on
an immunosuppressant regimen consisting of 3 mg of tacrolimus (TR) daily and 500 mg
of mycophenolate mofetil (MMF) twice daily. His complex medical history also included
hypersplenism-induced leukopenia and thrombocytopenia, portal hypertension causing
esophageal varices and gastropathy, and previous infection with HAV and HBV. The RT
regimen consisted of a total RT dose of 5250 cGy in 10 fractions of 525 cGy each, adminis-
tered between December 2021 and February 2022. Unfortunately, no further information
was available regarding the staging of the disease prior to RT.

Two months after the end of primary RT, the patient developed an ulcerated lesion of
the left preauricular region causing an antalgic trismus and a House–Brackmann grade IV
facial paralysis. A CT scan confirmed the presence of a 2.9 × 2.2 × 5.5 mm skin neoplasm
with deep invasion of the underlying parotid gland, the masseter muscle, and anterior wall
of the external auditory canal in its cartilaginous portion; no obvious bone infiltration or
lymph node metastases were detected (Figure 1).

In our department, he therefore underwent, in June 2022, a radical extended parotidec-
tomy with exposure of the mandibular condyle, concurrent selective neck dissection (levels
IB-II-III-IV), and reconstruction with a pedicled SIF. The pathology report confirmed a
persistent skin SCC, staged (y)(r)pT3pN0 (0/24) L1 Pn1 according to the TNM, VIII edition,
with clear margins (R0).

The perioperative management of his immunosuppressant therapy was previously
discussed with the transplant team: MMF was suspended, while dose reduction of TR
dosage was not advocated, even though blood levels were tested every 3 days after surgery
and the dosage was adjusted to maintain its levels between 5 to 8 ng/mL, according to
current recommendations [11,12].

Three days after surgery, the patient presented a fever (>38 ◦C), inappetence and
significant asthenia; physical examination revealed a centimetric retroauricular dehiscence
of the surgical wound with purulent discharge; no obvious flap necrosis was observed.
Blood tests showed increased inflammatory markers and microbiological tests on wound
discharge were positive for Pseudomonas aeruginosa, Enterobacter aerogenes, and Klebsiella
oxytoca; therefore, antibiotic therapy was switched from a first-generation cephalosporin
(Cefazolin 1 g, which was administered as regular 48 h post-operative antibiotic prophy-
laxis) to piperacillin/tazobactam 4 g/0.5 g four times per day. Despite the improvement
in blood tests and the disappearance of fever, a progressive worsening of wound dehis-
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cence was observed: eight days after surgery, the patient presented with multiple wound
dehiscences with exposure of the mandibular condyle and the mastoid, although without
evidence of flap failure (Figure 2).

Wound care specialists were consulted: wound irrigation with polyhexanide/betaine-
based solution (Prontosan® Wound Irrigation Solution) was suggested for proper cleansing,
and dressings with Ag-based hydrofiber and hydrophobic polyurethane foam (Askina®

Calgitrol® Ag) were chosen due to the evident infection and significant discharge from the
surgical site (Figure 3).

The patient’s white blood cells (WBC) had been roughly stable during initial im-
munosuppressive therapy and following RT, ranging from 3.0 to 3.5 × 109/L, reaching
between 4.0 and 4.5 during the infection’s peak, and slowly returning to previous levels.
Analogously, the patient’s platelet levels ranged from 60 to 70 × 109/L, and a reduction
(from 50 to 55 × 109/L) was observed during the infection. Leukopenia and thrombocy-
topenia were likely multifactorial, with hypersplenism and liver cirrhosis playing a primary
role; previous RT and immunosuppressive agents, despite a more limited impact on WBC,
were still considered to significantly impact immunological response and healing.

The surgical wound showed a progressive, but incredibly slow, improvement: the
patient was discharged after 14 days of systemic antibiotic therapy with no signs of residual
infection, but only a modest reduction in the wound dehiscence; a renewal of the dressing by
home nursing carers every 48–72 h was necessary over a period of approximately 6 months
to allow a complete closure of the defect. No growth factors were administered to prevent
eventual stimulation of residual neoplastic cells, and negative pressure wound therapy
(NPWT) was excluded due to practical difficulties regarding its long-term application on
an outpatient basis. As of today, regular clinical and radiological follow-up has shown no
recurrence of disease.
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Figure 1. A CT scan displaying the skin neoplasm with deep invasion of the underlying parotid gland,
the masseter muscle, and the anterior wall of the external auditory canal in its cartilaginous portion.
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3. Discussion

In recent times, many fields in medicine and surgery have been challenged by the con-
sequences of their own success: the increasing efficacy of different therapies has increased
the prevalence of patients suffering from various comorbidities and receiving multiple
therapeutic agents, with an obvious impact on the difficulty of their treatment [2,3]. In the
field of organ transplantation, continuous technical and pharmacological advances have
led to a substantial increase in the survival of SOTRs, who are nonetheless subjected to the
negative consequences of chronic immunosuppression [1,3,6,7,13,14]. Of particular interest
to the ENT surgeon are the increases in the incidence and aggressiveness of head and neck
malignancies, along with the significant delay in wound healing [15,16].

Indeed, frustratingly slow tissue renewal may be experienced in patients receiving
immunosuppressant therapy for an organ transplant, especially if it is added to other
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detrimental factors, as in the case of our patient (a 74-year-old, previously irradiated and
suffering from leuko- and thrombocytopenia).

The literature has, in fact, widely discussed the significant impact of RT on the pro-
cess of wound healing; the roles of obesity, diabetes mellitus, malnutrition, sarcopenia,
advanced age, smoking, alcohol consumption and endocrinological disorders have also
been extensively assessed, with a risk of impaired healing that exponentially increases
when these conditions are combined [8,9,17,18].

The literature on head and neck reconstructive surgery in SOTRs is, unfortunately,
extremely limited. Miller et al. [19], in 2011, presented a worrisome report of 11 complica-
tions (45% major) on 22 free flaps in 8 of 17 SOTRs, noting that 36% of patients and 45% of
complicated flaps had a history of previous irradiation.

Sbitany et al. [20] reported on twenty-four free tissue transfers in SOTRs, of which
only eight were for the reconstruction of the head and neck region; among these, two
suffered from delayed healing. Interestingly, the authors reported a significant association
with the use of prednisone as the immunosuppressive drug and perioperative morbidity;
sirolimus was not related to delayed healing, although it was administered in three of
four patients suffering from vascular thrombosis. Particularly interesting is the case series
by the MD Anderson Cancer Center [21], with 25 SOTRs receiving 28 free tissue transfer
flaps (in 5 cases with a history of previous RT): despite particularly accurate perioperative
management of patients, surgical complications affected 13 cases, although mainly mild
sequelae were reported (primarily hematoma or delayed wound healing).

In such a complex scenario, it is far beyond the goals of the present paper to provide
guidelines on the management of immunosuppressive therapy in this specific field, which is
a prerogative of dedicated experts, but we aim to offer ENT surgeons a succinct overview of
the burden and difficulties associated with surgery and wound healing in SOTRs, especially
when associated with RT or other hindering factors.

3.1. Epidemiology and Etiology of Cancers in SOTRs

SOTRs are, by definition, vulnerable patients: indeed, they receive chronic immuno-
suppressive agents, exposing them to infections, and generally suffer from a range of
comorbidities, that may be unrelated to the cause of the transplant, represent adverse
sequelae of the transplant process, or be caused by the same detrimental factors that
determined the organ failure (e.g., alcohol consumption in liver recipients for alcoholic
cirrhosis) [3,14]. Despite this, cancer is the second leading cause of death in SOTRs, ac-
counting for 13–20% of annual treatment mortalities, with a two- to five-fold increase in the
risk of neoplasms compared with the general population [5,14,15,22–25].

Skin tumors are the most common cancers in SOTRs, characterized by an inversion
in the incidence of basal and squamous cell carcinoma, with the latter being far more
frequent [3,15]; some authors have suggested considering cutaneous squamous cell car-
cinoma (cSCC) in SOTRs as a separate entity from cSCC in non-SOTRs given its peculiar
aggressiveness and therapeutic needs [25]. Lymphoproliferative malignancies are ranked
second in terms of frequency.

The head and neck region, which is involved in less than 4% of cancers in the general
population, represents the primary site of approximately 15% of malignancies in SOTRs [15].
In this site, cSCC still represents the majority of cases, whereas mucosal SCC of the upper
aerodigestive system has a less pronounced, although still significant, increase in the
relative risk (1.67 in a recent wide study, with thyroid and salivary gland tumors reaching
1.85 and 2.91, respectively) [1].

The mechanism underlying the excess of risk in this subpopulation is likely multifacto-
rial: on one hand, tumor-associated factors may also determine organ failure (e.g., sclerosing
cholangitis, which increases both liver failure and neoplasia) and end-organ disease may
lead to an increase in oncogenic substances; on the other hand, immunosuppressant agents
may induce neoplastic transformation through direct carcinogenesis or the indirect effects
of immunosuppression [14]. In the latter case, these drugs reduce the possibility of de-
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tecting cells with early neoplastic mutations by acting on different immunosurveillance
pathways [14]; in addition, the reduced immune response allows easier replication of
viruses (such as HPV and EBV), whose ability to induce neoplastic transformation is well
known. This effect also appears to be dose-dependent by direct comparison [26,27] and by
the apparently higher rate of malignancies in patients receiving an organ transplant with a
greater need for immunosuppression (e.g., lung and heart) [14].

3.2. Surgical Approach

Specific recommendations for head and neck reconstructive surgery in SOTRs are lack-
ing, mainly due to the rarity of the cases reported. An analogy with patients with previous
RT (i.e., salvage surgery), whose role has been extensively studied, is thus advisable [28].
Radiation has, in fact, a consistent effect on wound healing, provoking vascular damage,
tissue hypocellularity, and fibrosis, which makes the surgical field less able to counteract
any detrimental factors [28].

The specific role of chemotherapy in the damage of local tissues is not equally studied
in the literature, especially in the head and neck region, where it is almost invariably
associated with RT; it is thus rational that the same sensitizing properties to radiation
exploited for oncologic purposes may apply to the actinic damage to tissues. Chemotherapy
agents also have a systemic impact that may act synergically to impair wound healing [26].

In this scenario, the use of a vascularized flap to provide additional healthy tissue
to the surgical field has been shown to reduce post-surgical complications in the head
and neck region (e.g., fistulas after laryngectomy) and the transfer of muscular, highly
vascularized tissue has been linked to better outcomes [28]. A personalized approach is
obviously necessary, but a lower threshold for SOTRs in this direction appears warranted.
Locoregional flaps are often preferred in fragile subjects due to their faster harvesting
and insetting, and in most cases (as in our report), they are also chosen for their superior
color matching in skin reconstruction; however, the donor site of the flap may have been
included in the previous radiation field.

Conversely, the literature on the impact of previous RT on the success rate of anastomo-
sis in free flaps is somewhat contradictory, but in most cases, it appears not relevant [18,29].
Free tissue transfers are therefore preferred by many surgeons for their higher efficacy,
and in the largest case series in head and neck surgery in SOTRs, the use of free flaps
for reconstruction of the surgical defect is widely reported; it is thus advisable to opt for
this type of reconstruction in patients who can tolerate it, in selected centers with sig-
nificant experience [19–21,28]. Nevertheless, it is worth stressing that the simultaneous
presence of previous irradiation and immunosuppressive therapy, as in our patient, ex-
ponentially increases the risk of a poor wound outcome, regardless of the reconstructive
strategy adopted.

3.3. Immunosuppressant Therapy and Wound Healing

Immunosuppressant agents are the mainstay to avoid rejection in SOTRs, usually
distinguished as induction and maintenance therapy, but they are related to an increased
risk of developing malignancies and to delayed/insufficient wound healing [3,5,13,30]. The
latter process normally follows a well-structured and sequential pathway: at the beginning,
tissue damage is followed by hemostasis and the release of inflammatory mediators that are
responsible for the chemotaxis of different cells involved in the inflammatory process [9,30].
These cells are responsible for clearing the tissue and producing different chemokines
which, in turn, induce a proliferative phase characterized by neoangiogenesis, matrix
deposition, and the development of granulation tissue [9,30]. The remodeling phase starts
with a partial overlap with the proliferative one: as soon as the extracellular matrix is
produced, it starts to be remodeled with subsequent healing of tissue and eventual scar
formation [9,30].

Immunosuppressant agents hinder this process by acting on different targets, mainly
inhibiting inflammatory and replicative mediators, and are generally recognized as having
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a significant impact on the corresponding steps in wound healing [13,30]. Among these
agents, corticosteroids have long been the mainstay of therapy, but the introduction of
more specific and less toxic drugs has led to a reduction in their use; they are currently
mostly used in the induction phase or in the treatment of re-exacerbations [31]. MMF is
an antimetabolite drug that interrupts purine biosynthesis in T and B lymphocytes [30].
Cyclosporine inhibits calcineurin, which is an important factor for the production of various
cytokines (IL-2, IFN-γ, GM-CSF, TNF-α) involved in T-cell differentiation; TR analogously
inhibits calcineurin activity with a different mechanism but a power that is 10–100-fold
higher than cyclosporine; sirolimus blocks the activity of a mTOR kinase, which is crucial
in several cell functions such as cell replication and in the response to IL-2, IL-15, and
VEGF [31]. As an example, to understand the numerous variables to be considered in the
management of SOTRs, a switch from a calcineurin inhibitor to sirolimus has been shown
to decrease the risk of skin cancer, but has also been associated with hypertension, hyper-
lipidemia, lung toxicity, and impaired wound healing [32]. In particular, its correlation with
wound complications has been mainly investigated in transplant surgery, with evidence
of a significant increase in postsurgical wound morbidity in renal recipients receiving
sirolimus rather than TR, in addition to MMF and prednisone [33,34]. The detrimental
effect of sirolimus on wound healing is so consistent that some authors advocate avoiding
both sirolimus and everolimus (a derivative with similar features but a shorter half-life) in
the perioperative period of transplant surgery to avoid such complications [31].

3.4. Wound Healing Management in SOTRs: A Pragmatic Approach

Because the literature is particularly lacking in large case series of head and neck
reconstruction in previously irradiated SOTRs or indications for their management, many
suggestions may be adapted from studies on other body regions or patients with different
features. In particular, precautions that are routinely applied to all reconstructive surgeries
acquire even more importance in SOTRs. In this scenario, the broad experience at the
MD Anderson Cancer Center has brought about the development of a well-integrated
multidisciplinary team which discusses all the possible comorbidities and needs of patients
before surgery in all head and neck reconstructive procedures [21]. In particular, the more
comorbidities the patient suffers from, the more strictly he/she should be assessed in the
perioperative period to reduce any possible synergic detrimental effects, possibly as early
as surgery is indicated. Concerning possible delayed wound healing, the patient’s glucose
levels should be assessed and aggressively treated as needed, while analogous considera-
tions apply to other endocrinological disorders, especially hypothyroidism. Nutritional
deficiencies, particularly in the elderly, should be corrected in advance, with particular at-
tention to sufficient protein intake, which may also have positive effects on skeletal muscle
mass depletion and sarcopenia. Perioperative antibiotics should be carefully evaluated,
taking into account the propensity of these patients to infections and the apparently lower
rate of complications after transplant surgery due to specific antibiotic prophylaxis [35]; in
our case, an antibiotic preventive regimen was set, but it ended up being insufficient.

In addition, predominant attention should be paid to immunosuppressive therapy
during the entire perioperative period; in particular, a reduction in immunosuppressive
therapy is advised by many authors, as performed in a considerable proportion of patients
in the previously mentioned experience by Schaverien et al. [21] (and in our case). Co-
operation with a transplant expert is therefore essential to determine the risk of rejection
based on the organ involved, previous medical history, the age of the patient, or antigen
mismatches [21,35].

Analogously, a switch to immunosuppressant agents with less impact on wound
healing has to be considered: in fact, based on the present literature avoiding sirolimus and
corticosteroids appears to be a valid option, when feasible [31,35]. Frequent monitoring
of the transplanted organ is obviously essential in this phase, especially when a change in
treatment is made.
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Concerning specific indications for head and neck reconstructive techniques in SOTRs,
other than the previously mentioned comparison of free and pedicled flaps, the literature
is unfortunately lacking; a previous report [35] on wound healing after kidney or liver
transplant highlighted the predominant role of intraoperative contamination, prolonged
preoperative stay, and hypothermia on wound healing. Despite the limited evidence, it is
thus reasonable that normal precautions, such as tension-free reconstruction or the removal
of insufficiently vascularized tissue, should be implemented. In this regard, the recent
introduction in head and neck surgery of intraoperative monitoring of flap vasculariza-
tion through indocyanine green (ICG) fluorescence video-angiography has provided the
surgeon with a reliable and quantitative tool, allowing for eventual targeted trimming of
hypovascularized areas based upon a flap-to-normal skin/mucosa ICG ratio [36–38]. The
authors have increasing confidence in the use of this technology and advocate its adoption
in all cases of head and neck flaps, especially in patients with multiple risk factors for
vascular impairment.

Our case aligns with the previously mentioned case series [19–21] that report a high
percentage of postoperative complications in SOTRs despite several precautions; postoper-
ative care and monitoring are therefore fundamental. Schaverien et al. [21] have advocated
a rapid awakening protocol in substitution of overnight ventilation under sedation due to
the risk of hypotension and consequent fluid overload. A strict monitoring protocol is also
necessary for early detection of any complications and wound dehiscences; in this case,
advanced wound care techniques should be immediately introduced after multidisciplinary
discussion with wound care specialists (as adopted in our patient). Analogously to the
surgical approach, there are no specific indications for wound healing in SOTRs, but the
most appropriate strategy should be chosen depending on factors such as the amount of
discharge or the presence of obvious infection of the wound.

In light of the high risk of infection, it is worth noting that wound care agents with
antimicrobial properties may paradoxically impair the wound healing process, and there is
no evidence of the benefit of their prophylactic use in uninfected fields [39]. In the event
of a local infection, the choice of local antibiotic creams must be targeted using a specific
antibiogram. Analogously, some evidence in the literature, although limited, supports
the use of iodopovidone dressings over silver dressings for their inferior cytotoxicity [39].
In recent times, researchers have been investigating the biological mechanisms of bac-
terial wound impairment, including the competitive or synergic mechanisms between
different microorganisms and the crucial role of wound microbiota [10]. This has led to
studies not only on new targeted antimicrobial agents, but also on the possible use of skin
probiotics [10].

An important tool, which can operate synergically with other techniques, is repre-
sented by NPWT: this system, by applying negative pressure on the surgical site previ-
ously prepared with proper foams and films, has demonstrated an increase in the rate of
healing [40]. Its application to the head and neck region has been slower given the difficul-
ties in its application due to the complex topography and presence of different orifices [40].
It is worth stressing that NPWT must be avoided in the presence of conditions like an
active tumor in the wound, untreated osteomyelitis, necrosis, or when in direct contact
with a nerve or a vessel, and therefore an expert should be consulted for its application.
Nonetheless, a recent review [40] highlighted that the use of this technology is increas-
ing and, with proper adaptations, is now used even in conditions that were previously
considered contraindications (e.g., pharyngeal phistulas) [41]. A recent systematic review
investigated the results of its immediate application (on day one) at the site of insetting
of free flaps for head and neck reconstruction, reporting a successful result in 54 out of
56 flaps [41]. The prophylactic application of NPWT may therefore represent an option for
patients with a significant risk of wound healing, such as in SOTRs.
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4. Conclusions and Future Perspectives

For decades, ENT surgeons have been facing the difficulties of impaired wound
healing after complex surgical procedures, but the increasing prevalence of multiple risk
factors is raising the bar in this field. In light of this, immunosuppressive therapy in SOTRs
represents one of the prevalent conditions to consider, and every attempt should be made to
inhibit its detrimental effects, including partial withdrawal of immunosuppressive therapy.
In the future, better definition of the specific role of any of these drugs is desirable, as
well as personalized care based on the specific alteration of the healing [42]. Moreover,
research in wound care techniques is providing better agents that promote specific healing
pathways or better delivery of those already known; the recent introduction of growth
factors is particularly interesting, whose use to date has been limited to non-oncologic
fields to avoid the induction of neoplastic proliferation. The prophylactic use of NPWT
appears to be another valuable tool to consider [42].
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11. Truně Cka, P.; Boillot, O.; Seehofer, D.; Pinna, A.D.; Fischer, L.; Ericzon, B.-G.; Troisi, R.I.; Baccarani, U.; Ortiz De Urbina, J.; Wall,

W. Once-Daily Prolonged-Release Tacrolimus (ADVAGRAF) Versus Twice-Daily Tacrolimus (PROGRAF) in Liver Transplantation.
Am. J. Transplant. 2010, 10, 2313–2323. [CrossRef] [PubMed]

12. Boudjema, K.; Camus, C.; Saliba, F.; Calmus, Y.; Salamé, E.; Salamé, S.; Pageaux, G.; Ducerf, C.; Duvoux, C.; Mouchel, C.; et al.
Reduced-Dose Tacrolimus with Mycophenolate Mofetil vs. Standard-Dose Tacrolimus in Liver Transplantation: A Randomized
Study. Am. J. Transplant. 2011, 11, 965–976. [CrossRef] [PubMed]

https://doi.org/10.1002/hed.25937
https://www.ncbi.nlm.nih.gov/pubmed/31512806
https://doi.org/10.1111/ctr.13669
https://www.ncbi.nlm.nih.gov/pubmed/31310037
https://doi.org/10.1016/S1470-2045(07)70315-7
https://www.ncbi.nlm.nih.gov/pubmed/17913661
https://doi.org/10.1111/ajt.14140
https://www.ncbi.nlm.nih.gov/pubmed/28394489
https://doi.org/10.1002/lary.28163
https://www.ncbi.nlm.nih.gov/pubmed/31271452
https://www.ncbi.nlm.nih.gov/pubmed/33491626
https://doi.org/10.1097/TP.0000000000001392
https://doi.org/10.1177/0022034509359125
https://www.ncbi.nlm.nih.gov/pubmed/20139336
https://doi.org/10.1098/rsob.200223
https://www.ncbi.nlm.nih.gov/pubmed/32993416
https://doi.org/10.1038/s41579-024-01035-z
https://www.ncbi.nlm.nih.gov/pubmed/38575708
https://doi.org/10.1111/j.1600-6143.2010.03255.x
https://www.ncbi.nlm.nih.gov/pubmed/20840481
https://doi.org/10.1111/j.1600-6143.2011.03486.x
https://www.ncbi.nlm.nih.gov/pubmed/21466650


J. Clin. Med. 2024, 13, 4790 10 of 11

13. Røine, E.; Bjørk, I.T.; Øyen, O. Targeting Risk Factors for Impaired Wound Healing and Wound Complications after Kidney
Transplantation. Transplant. Proc. 2010, 42, 2542–2546. [CrossRef] [PubMed]

14. Acuna, S.A. Etiology of Increased Cancer Incidence after Solid Organ Transplantation. Transplant. Rev. 2018, 32, 218–224.
[CrossRef]

15. Liu, Q.; Yan, L.; Xu, C.; Gu, A.; Zhao, P.; Jiang, Z.-Y. Increased Incidence of Head and Neck Cancer in Liver Transplant Recipients:
A Meta-Analysis. BMC Cancer 2014, 14, 776. [CrossRef] [PubMed]

16. Piselli, P.; Burra, P.; Lauro, A.; Baccarani, U.; Ettorre, G.M.; Vizzini, G.B.; Rendina, M.; Rossi, M.; Tisone, G.; Zamboni, F.; et al.
Head and Neck and Esophageal Cancers after Liver Transplant: Results from a Multicenter Cohort Study. Italy, 1997–2010.
Transpl. Int. 2015, 28, 841–848. [CrossRef] [PubMed]

17. Galli, A.; Colombo, M.; Prizio, C.; Carrara, G.; Lira Luce, F.; Paesano, P.L.; Della Vecchia, G.; Giordano, L.; Bondi, S.; Tulli, M.; et al.
Skeletal Muscle Depletion and Major Postoperative Complications in Locally-Advanced Head and Neck Cancer: A Comparison
between Ultrasound of Rectus Femoris Muscle and Neck Cross-Sectional Imaging. Cancers 2022, 14, 347. [CrossRef] [PubMed]

18. Kruse, A.L.D.; Luebbers, H.T.; Grätz, K.W.; Obwegeser, J.A. Factors Influencing Survival of Free-Flap in Reconstruction for Cancer
of the Head and Neck: A Literature Review. Microsurgery 2010, 30, 242–248. [CrossRef] [PubMed]

19. Miller, M.W.; Dean, N.R.; Cannady, S.B.; Rosenthal, E.L.; Wax, M.K. Free Tissue Transfer for Head and Neck Reconstruction in
Solid Organ Transplant Patients. Head Neck 2012, 34, 1143–1146. [CrossRef] [PubMed]

20. Sbitany, H.; Xu, X.; Hansen, S.L.; Young, D.M.; Hoffman, W.Y. The Effects of Immunosuppressive Medications on Outcomes in
Microvascular Free Tissue Transfer. Plast. Reconstr. Surg. 2014, 133, 552e–558e. [CrossRef] [PubMed]

21. Schaverien, M.V.; Dean, R.A.; Myers, J.N.; Fang, L.; Largo, R.D.; Yu, P. Outcomes of Microvascular Flap Reconstruction of the
Head and Neck in Patients Receiving Systemic Immunosuppressive Therapy for Organ Transplantation. J. Surg. Oncol. 2018, 117,
1575–1583. [CrossRef] [PubMed]

22. Noone, A.M.; Pfeiffer, R.M.; Dorgan, J.F.; Magder, L.S.; Bromberg, J.S.; Lynch, C.F.; Morris, C.R.; Pawlish, K.S.; Engels, E.A.
Cancer-Attributable Mortality among Solid Organ Transplant Recipients in the United States: 1987 through 2014. Cancer 2019,
125, 2647–2655. [CrossRef] [PubMed]

23. Villeneuve, P.J.; Schaubel, D.E.; Fenton, S.S.; Shepherd, F.A.; Jiang, Y.; Mao, Y. Cancer Incidence among Canadian Kidney
Transplant Recipients. Am. J. Transplant. 2007, 7, 941–948. [CrossRef] [PubMed]

24. Webster, A.C.; Craig, J.C.; Simpson, J.M.; Jones, M.P.; Chapman, J.R. Identifying High Risk Groups and Quantifying Absolute Risk
of Cancer after Kidney Transplantation: A Cohort Study of 15,183 Recipients. Am. J. Transplant. 2007, 7, 2140–2151. [CrossRef]
[PubMed]

25. Rabinovics, N.; Hadar, T.; Mizrachi, A.; Bachar, G.; Purim, O.; Popovtzer, A. Adjuvant Treatment for Head and Neck Cancer in
Solid Organ Transplant Recipients. Oral Oncol. 2015, 51, e23–e25. [CrossRef] [PubMed]

26. Dantal, J.; Hourmant, M.; Cantarovich, D.; Giral, M.; Blancho, G.; Dreno, B.; Soulillou, J.-P. Effect of Long-Term Immunosuppres-
sion in Kidney-Graft Recipients on Cancer Incidence: Randomised Comparison of Two Cyclosporin Regimens. Lancet 1998, 351,
623–628. [CrossRef] [PubMed]

27. Benlloch, S.; Berenguer, M.; Prieto, M.; Moreno, R.; Juan, F.S.; Rayón, M.; Rayón, R.; Mir, J.; Segura, A.; Berenguer, J. De Novo
Internal Neoplasms after Liver Transplantation: Increased Risk and Aggressive Behavior in Recent Years? Am. J. Transplant. 2004,
4, 596–604. [CrossRef] [PubMed]

28. Kwon, D.; Genden, E.M.; de Bree, R.; Rodrigo, J.P.; Rinaldo, A.; Sanabria, A.; Rapidis, A.D.; Takes, R.P.; Ferlito, A. Overcoming
Wound Complications in Head and Neck Salvage Surgery. Auris Nasus Larynx 2018, 45, 1135–1142. [CrossRef] [PubMed]

29. Nakamizo, M.; Yokoshima, K.; Yagi, T. Use of Free Flaps for Reconstruction in Head and Neck Surgery: A Retrospective Study of
182 Cases. Auris Nasus Larynx 2004, 31, 269–273. [CrossRef] [PubMed]

30. Bootun, R. Effects of Immunosuppressive Therapy on Wound Healing. Int. Wound J. 2013, 10, 98–104. [CrossRef]
31. Kearney, L.; Hogan, D.; Conlon, P.; Roche, M.; O’Neill, J.P.; O’Sullivan, J.B. High-Risk Cutaneous Malignancies and Immunosup-

pression: Challenges for the Reconstructive Surgeon in the Renal Transplant Population. J. Plast. Reconstr. Aesthet. Surg. 2017, 70,
922–930. [CrossRef] [PubMed]

32. Ventura-Aguiar, P.; Campistol, M.; Diekmann, F. Expert Opinion on Drug Safety Safety of MTOR Inhibitors in Adult Solid Organ
Transplantation Safety of MTOR Inhibitors in Adult Solid Organ Transplantation. Expert Opin. Drug Saf. 2016, 15, 303–319.
[CrossRef] [PubMed]

33. Dean, P.G.; Lund, W.J.; Larson, T.S.; Prieto, M.; Nyeberg, S.L.; Ishitani, M.B.; Kremers, W.K.; Stegall, M.D. Wound-Healing
Complication after Kidney Transplantation: A Prospective, Randomized Comparison of Sirolimus and Tacrolimus. Transplantation
2004, 77, 1555–1561. [CrossRef] [PubMed]

34. Maenaka, A.; Kinoshita, K.; Hara, H.; Cooper, D.K.C. The Case for the Therapeutic Use of Mechanistic/Mammalian Target of
Rapamycin (MTOR) Inhibitors in Xenotransplantation. Xenotransplantation 2023, 30, e12802. [CrossRef]

35. Mehrabi, A.; Fonouni, H.; Wente, M.; Sadeghi, M.; Eisenbach, C.; Encke, J.; Schmied, B.M.; Libicher, M.; Zeier, M.; Weitz, J.; et al.
Wound Complications Following Kidney and Liver Transplantation. Clin. Transplant. 2006, 20 (Suppl. S17), 97–110. [CrossRef]
[PubMed]

36. Galli, A.; Giordano, L. ASO Author Reflections: The Role of Indocyanine Green Fluorescence Video Angiography in Enhancing
the Accuracy of Head and Neck Surgical Oncology. Ann. Surg. Oncol. 2022, 29, 8362–8363. [CrossRef] [PubMed]

https://doi.org/10.1016/j.transproceed.2010.05.162
https://www.ncbi.nlm.nih.gov/pubmed/20832540
https://doi.org/10.1016/j.trre.2018.07.001
https://doi.org/10.1186/1471-2407-14-776
https://www.ncbi.nlm.nih.gov/pubmed/25338638
https://doi.org/10.1111/tri.12555
https://www.ncbi.nlm.nih.gov/pubmed/25778395
https://doi.org/10.3390/cancers14020347
https://www.ncbi.nlm.nih.gov/pubmed/35053512
https://doi.org/10.1002/micr.20758
https://www.ncbi.nlm.nih.gov/pubmed/20146384
https://doi.org/10.1002/hed.21893
https://www.ncbi.nlm.nih.gov/pubmed/22076843
https://doi.org/10.1097/PRS.0000000000000012
https://www.ncbi.nlm.nih.gov/pubmed/24675207
https://doi.org/10.1002/jso.25035
https://www.ncbi.nlm.nih.gov/pubmed/29723399
https://doi.org/10.1002/cncr.32136
https://www.ncbi.nlm.nih.gov/pubmed/31034602
https://doi.org/10.1111/j.1600-6143.2007.01736.x
https://www.ncbi.nlm.nih.gov/pubmed/17331115
https://doi.org/10.1111/j.1600-6143.2007.01908.x
https://www.ncbi.nlm.nih.gov/pubmed/17640312
https://doi.org/10.1016/j.oraloncology.2015.02.004
https://www.ncbi.nlm.nih.gov/pubmed/25753559
https://doi.org/10.1016/S0140-6736(97)08496-1
https://www.ncbi.nlm.nih.gov/pubmed/9500317
https://doi.org/10.1111/j.1600-6143.2004.00380.x
https://www.ncbi.nlm.nih.gov/pubmed/15023152
https://doi.org/10.1016/j.anl.2018.03.008
https://www.ncbi.nlm.nih.gov/pubmed/29692326
https://doi.org/10.1016/j.anl.2004.03.003
https://www.ncbi.nlm.nih.gov/pubmed/15364362
https://doi.org/10.1111/j.1742-481X.2012.00950.x
https://doi.org/10.1016/j.bjps.2017.03.005
https://www.ncbi.nlm.nih.gov/pubmed/28457679
https://doi.org/10.1517/14740338.2016.1132698
https://www.ncbi.nlm.nih.gov/pubmed/26667069
https://doi.org/10.1097/01.TP.0000123082.31092.53
https://www.ncbi.nlm.nih.gov/pubmed/15239621
https://doi.org/10.1111/xen.12802
https://doi.org/10.1111/j.1399-0012.2006.00608.x
https://www.ncbi.nlm.nih.gov/pubmed/17100709
https://doi.org/10.1245/s10434-022-12298-2
https://www.ncbi.nlm.nih.gov/pubmed/35871671


J. Clin. Med. 2024, 13, 4790 11 of 11

37. Giordano, L.; Familiari, M.; Galli, A.; Howardson, B.; Bussi, M. Trimming of Facial Artery Myomucosal Flap (FAMM) Using
Indocyanine Green Fluorescence Video-Angiography: Operative Nuances. Ann. Surg. Oncol. 2022, 29, 8361. [CrossRef] [PubMed]

38. Giordano, L.; Galli, A.; Familiari, M.; Canta, D.; Irem, A.; Biafora, M.; Battista, R.A.; Bussi, M. Head and Neck Pedicled Flap
Autonomization Using a New High-Resolution Indocyanine Green Fluorescence Video-Angiography Device. Head Neck 2022, 44,
1496–1499. [CrossRef] [PubMed]

39. Han, S.-K. Innovations and Advances in Wound Healing; Springer: Berlin/Heidelberg, Germany, 2016; ISBN 978-3-662-46586-8.
40. Rosenthal, E.L.; Blackwell, K.E.; McGrew, B.; Carroll, W.R.; Peters, G.E. Use of Negative Pressure Dressings in Head and Neck

Reconstruction. Head Neck 2005, 27, 970–975. [CrossRef] [PubMed]
41. Marouf, A.; Mortada, H.; Khedr, B.; Halawani, L.; Zino Alarki, S.M.K.; Alghamdi, H. Effectiveness and Safety of Immediate

Application of Negative Pressure Wound Therapy in Head and Neck Free Flap Reconstruction: A Systematic Review. Br. J. Oral.
Maxillofac. Surg. 2022, 60, 1005–1011. [CrossRef] [PubMed]

42. Tatara, A.M.; Kontoyiannis, D.P.; Mikos, A.G. Drug Delivery and Tissue Engineering to Promote Wound Healing in the
Immunocompromised Host: Current Challenges and Future Directions. Adv. Drug Deliv. Rev. 2018, 129, 319–329. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1245/s10434-022-12171-2
https://www.ncbi.nlm.nih.gov/pubmed/35867210
https://doi.org/10.1002/hed.27051
https://www.ncbi.nlm.nih.gov/pubmed/35366038
https://doi.org/10.1002/hed.20265
https://www.ncbi.nlm.nih.gov/pubmed/16127668
https://doi.org/10.1016/j.bjoms.2022.04.003
https://www.ncbi.nlm.nih.gov/pubmed/35690503
https://doi.org/10.1016/j.addr.2017.12.001

	Introduction 
	Case Presentation 
	Discussion 
	Epidemiology and Etiology of Cancers in SOTRs 
	Surgical Approach 
	Immunosuppressant Therapy and Wound Healing 
	Wound Healing Management in SOTRs: A Pragmatic Approach 

	Conclusions and Future Perspectives 
	References

