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The incidence of second primary neoplasms arising in the skin reconstructive flap (SNAF) is increasing
because of the increase in head and neck flap reconstruction and cancer survival. Prognosis, optimal
treatment, and their clinicopathological-genetic features are under debate and are difficult to
diagnose. We retrospectively reviewed SNAFs based on a single center’s experience over 20 years.
Medical records and specimens of 21 patients with SNAF who underwent biopsies between April 2000
and April 2020 at our institute were retrospectively analyzed. Definite squamous cell carcinoma and
the remaining neoplastic lesions were subclassified as flap cancer (FC) and precancerous lesions (PLs),
respectively. Immunohistochemical studies focused on p53 and p16. TP53 sequencing was conducted
using next-generation sequencing. Seven and 14 patients had definite FC and PL, respectively. The
mean number of biopsies/latency intervals was 2.0 times/114 months and 2.5 times/108 months for
FC and PL, respectively. All lesions were grossly exophytic and accompanied by inflamed stroma.

In FC and PL, the incidences of altered p53 types were 43% and 29%, respectively, and those of
positive p16 stains were 57% and 64%, respectively. Mutation of TP53 in FC and PL were 17% and
29%, respectively. All except one patient with FC under long-term immunosuppressive therapy
survived in this study. SNAFs are grossly exophytic tumors with an inflammatory background and
show a relatively low altered p53 and TP53 rate and a high p16 positivity rate. They are slow-growing
neoplasms with good prognoses. Diagnosis is often difficult; therefore, repeated or excisional biopsy
of the lesion may be desirable.

Despite the surprising pathological variety, surgery plays a significant role in treating head and neck tumors. Since
the introduction of flap reconstruction by Bakamjian et al.!, radical resection has pushed back the boundaries of
previous decades, reinforced by evolving flap reconstruction techniques. Meanwhile, remarkable refinements in
chemotherapy and radiotherapy and the phenomenal introduction of immune checkpoint therapy have enabled
the long-term survival of patients with cancer. In this new era, second primary carcinomas arising in the skin
paddle of the flap, known as flap cancer, have been reported (Supplementary Material 1)>-!. This carcinogenesis is
relatively unique; therefore, the evidence is limited to a few sporadically reported cases. In addition, the etiology
of the disease is under study, and the definition of flap cancer remains ambiguous. Furthermore, differentiating
between flap cancers and local relapse of the primary disease is occasionally difficult, although the treatment
may differ. Therefore, to overcome these issues, this study aimed to elucidate the etiologic features of flap cancers
through clinical and pathological evaluation of cases accumulated over 20 years, with the largest cohort in a
single report. To better understand the disease’s etiology, the medical term “second primary neoplasm arising
in the skin paddle of the reconstructive flap (SNAF)” is used in this study.
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Methods

Patients and lesions.  This was a retrospective study using data from our institutional medical records and
pathological archives. SNAF was suspected when a grossly abnormal lesion was spatially related to the recon-
structed skin paddle. Biopsies were performed on 26 Japanese patients with suspected SNAF at our institute
between April 2000 and April 2020. In this study, lesions fulfilling the following three criteria were defined as
local relapses and excluded from the study: (1) the lesion was identified within 5 years of the last therapy, (2) the
initial surgical margin was positive for the tumor, and (3) the lesion was located at the periphery of the skin pad-
dle. Five cases defined as local relapses were excluded, and a total of 21 patients were retrospectively evaluated.
Furthermore, the latency interval was defined as the period between the completion of the initial therapy and
the final biopsy, which confirmed the diagnosis of SNAE

To elucidate the clinical features of SNAF compared with those of typical head and neck squamous cell carci-
noma (HNSCC), the data of patients with HNSCC who were initially surgically treated at our institute between
January 2013 and December 2015 were reviewed as a control cohort. Patients with the following features were
excluded from this control cohort: p16-positive oropharyngeal squamous cell carcinoma; second primary tumor;
primary tumor of the nasopharynx, external ear canal, or salivary gland; and cervical metastasis of an unknown
primary tumor. Detailed clinical and genomic information of the patients and the primary tumor are described
in our previous reports®24,

All of the patients provided written informed consent and the study was approved by the institutional revies
boards of the National Cancer Center Hospital, Japan (Approval No. 2018-179). The study was conducted fol-
lowing the Declaration of Helsinki and Ethical Guidelines for Medical Research Concerning Humans of the
Ministry of Education, Culture, Sports, Science, and Technology, Japan.

Pathology. Pathological information was obtained and reviewed from the initial surgical specimen to the
final biopsy specimen for the 21 patients enrolled in this study. Furthermore, longitudinal pathological changes
in biopsy specimens were assessed, and the distinction between them and the initial surgical specimens was
clarified.

Immunohistochemical (IHC) studies focused on p53 (Dako Omnis, clone DO-7) and p16 (Ventana, clone
E6H4). For p53 expression, IHC results were classified into wild-type and altered types. Non-regionalized patchy
stains were judged as “+/-"; these lesions were categorized as wild-type. In addition, lesions lacking stain were
considered as “-” (lost), weak or equivoval stain were considered as “+” and strong regionalized stains were
judged as “++” (accumulation); these were classified as the altered type (Supplementary Material 1 2). Lesions
with significantly increased p16 expression in both the nuclei and cytoplasm in at least 70% of the neoplastic
cells were defined as p16-positive tumors.

Among the 21 lesions biopsied with suspicion of SNAF based on macroscopic findings, those with definite
evidence of malignancy were classified as flap cancers. Moreover, among the SNAFs, those with dysplasia and
severe cellular and structural atypia were pathologically diagnosed as precancerous lesions.

TP53 sequencing. DNA extraction and sequential analysis were performed using our stocked FFPE biopsy
specimens. Paraffin blocks of specimens were deparaffinized, microdissected, and subjected to DNA extrac-
tion using a Gene-Read DNA FFPE Tissue Kit (Qiagen, Hilden, Germany). Next-generation sequencing (NGS)
libraries were prepared via two-step tailed PCR; each pool contained 36 pairs of primers targeting frequently
mutated regions of TP53. Pair-stich read sequencing was performed using MiSeq (Illumina,San Diego, CA,
USA) and MiSeq Reagent Micro Kit v2 (300 cycles) (Illumina). Sequence variations with variant allele frequen-
cies and depths of more than 5% and 100x, respectively, were identified as candidate mutations. More detailed
sequencing protocols are available in our previous reports*>?*.

Statistical analysis. Differences in the distribution of baseline characteristics between the control cohort,
patients with flap cancer, and those with precancerous lesions were evaluated using Fisher’s exact test. In addi-
tion, the Kaplan-Meier survival method was used to estimate the median disease-specific survival. Survival
time was defined as the number of survival months from the date of the last biopsy until the date of death or the
last visit for the SNAF group and the completion of initial therapy until the date of death or the last visit for the
control cohort. Finally, we tested for crude differences between the SNAF and control cohorts using a log-rank
test. All statistical tests were two-sided, and 95% confidence intervals were calculated. Furthermore, all statistical
analyses were conducted using EZR (Saitama Medical Center, Jichi Medical University, Japan), a graphical user
interface for R (The R Foundation for Statistical Computing, Vienna, Austria).

Results

Flap cancer. Characteristics of the patients are described in Table 1. Seven cases were defined as definite flap
cancers, and all were squamous cell carcinomas. The mean latency interval was 114 months (range 24-312). The
mean number of biopsies required to diagnose flap cancer was 2.0 (range 1-4) (Fig. 1). Lesions were located on
the central and peripheral parts of the skin paddle in six and one cases, respectively (Fig. 2).

On macroscopic evaluation, all lesions protruded, and features of infiltrative growth, including ulcers, were
negative. Furthermore, on histological evaluation, excessive keratinization was identified in the epithelium,
accompanied by strong inflammatory features in the submucosal layer (Fig. 3). On IHC staining, 43% (three
cases) showed altered p53 types, and 57% (four cases) were positive for p16. All but one lesion was eligible for
NGS; mutation rate of TP53 was 17% (one case). Concordance rate of p53 and TP53 status was 83% (five cases);
no TP 53 mutation was detected in one p53 altered-type case (Table 2).
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Figure 1. Number of biopsies and latency intervals of all cases. Time is the latency interval and the number of
months from the completion of the initial therapy until the date of the last biopsy. The mean number of biopsies/
latency intervals were 2.0 times/114 months and 2.5 times/108 months for flap cancer and precancerous lesions,
respectively. Diagnosing flap cancer and precancerous lesions tended to require repeated biopsies over a long
period.

Therapies for flap cancers were as follows: total resection of the flap in two cases, local resection of the flap
in four cases, and active surveillance in one case. Of the six cases that underwent resection of the lesions, the
postoperative diagnosis was flap cancer in all cases. Lesions were carcinoma in situ in two cases. Regarding
the remaining four cases, including the one fatal case, lesions were mainly limited to the epithelium with scant
stromal invasion in very small areas. In all six cases, deep margins were clear, and horizontal margins were all
positive for dysplasia or carcinoma in situ.

In one patient who was undergoing long-term immunosuppressive therapy with a history of systemic lupus
erythematosus and interstitial pneumonia, flap cancer showed rapid progression. Despite radical resection,
including total resection of the flap and adjacent structures such as the mandible and tongue with negative surgi-
cal margins, the patient died of the disease owing to uncontrolled rapid local relapse. This was the only patient
who died of the disease in this study (Table 1).

Precancerous lesions. Fourteen patients showed precancerous lesions. The mean latency interval was
108 months (range 2-312). In addition, biopsies were repeatedly performed for the same lesion with a mean
number of 2.5 (range 1-7) repetitions (Fig. 1).

On a macroscopic evaluation, all lesions protruded, and features of infiltrative growth, including ulcers,
were negative. Moreover, on histological evaluation, excessive keratinization was identified in the epithelium,
accompanied by strong inflammatory features in the submucosal layer (Fig. 4). On IHC staining, 7% (one case)
showed altered p53 types, and 64% (nine cases) were positive for p16. These macroscopic and histological findings
of precancerous lesions closely resembled those of the preceding lesions that later became flap cancers (Fig. 5).
All lesions were eligible for NGS; mutation rate of TP53 was 28% (four case). Concordance rate of p53 and TP53
status was 100% (14 cases) (Tables 1 and 2).

Therapy for precancerous lesions was performed as follows: partial resection of the flap and active surveillance
in one and 13 cases, respectively. None of the patients died of the disease (Table 1).

Discrepancies between the SNAF group and the control cohort. The clinical and pathological
characteristics of the three groups are presented in Table 2. At study entry, the control cohort was significantly
older than the SNAF group (p <0.01). The SNAF group showed a significant trend toward wild-type p53 and p16
positivity (p <0.01). In addition, survival analysis revealed that the SNAF group was significantly associated with
better survival than the control cohort (p=0.04) (Supplementary Material 3).
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Figure 2. Gross findings and schematic representation of secondary neoplasms arising in the skin paddles of
flaps. (A) Erythema with partial elevation in the center of the skin paddle. Biopsy revealed a well-differentiated
squamous cell carcinoma. (B) Schematic representation of (A). This lesion showed typical macroscopic features
of flap cancers. (C) Erythema with a partial elevation in the skin paddle, partially extending to the skin-mucosa
junction. Biopsy revealed a well-differentiated squamous cell carcinoma. (D) Schematic representation of (C).
This lesion was diagnosed as flap cancer in this study, although conventional classification would have resulted
in a different diagnosis.

Discussion

In this study, we presented 21 SNAFs, comprising seven cases of flap cancer and 14 cases of precancerous lesions
from a single center over 20 years. The findings of this study indicate that the typical features of SNAFs are as
follows: (1) they are grossly exophytic with highly inflamed stroma, (2) they are difficult to diagnose and require
repeated biopsies, (3) they tend to show a relatively slow-growing feature, and (4) when compared with ordinary
HNSCC, SNAFs exhibit a lower incidence of altered p53 type/TP53 mutation and a relatively high p16 positivity
rate?. The correlation between p53 phenotype and TP53 mutation was considered reasonable given the sensitivity
and specificity**. In addition, clinicopathological features, diagnostic measures, optimal treatment, and possible
mechanisms of carcinogenesis are discussed.

This study implies that SNAF is essentially an exceptionally highly differentiated squamous cell carcinoma;
flap cancers and precancerous lesions merely represent different stages of the same phenomenon. Indeed, in this
study, physicians tended to repeatedly biopsy the same lesions before obtaining a final diagnosis (Fig. 1). Based on
this study’s cohort and previous literature!®, SNAF is assumed to be a slow-growing tumor with a good prognosis.
Although we experienced one exceptional case with a poor prognosis, we speculate that the patient’s history of
autoimmune disease and the influence of long-term immunosuppressive therapy may have negatively altered the
pathophysiology. It may be beneficial for physicians to be aware of this unique second primary neoplasm as it is
expected to be curable if carefully monitored and treated; excessive surgery may not be necessary in most cases.

A consensus on the diagnostic criteria of SNAF does not exist; hence, past studies conventionally defined
lesions fulfilling the following five features as flap cancers: (1) there is no tumor remnant after the initial treat-
ment; (2) some years have elapsed since the end of initial treatment; (3) there are no skin malignancies elsewhere
on the body; (4) the tumor is limited to the skin flap and is far from the oral mucosa; and (5) skin squamous cell
carcinoma is confirmed by histopathological examination!®!*16. However, the authors believe that the above
criteria need not be fulfilled universally. For example, even if the initial surgical margins were positive, if the
lesion originated from the center of the skin paddle, judging the lesion to be a local recurrence would be spatially
inconsistent; such a lesion should also be diagnosed as SNAF. In addition, even if skin cancer develops simulta-
neously or atypically throughout the body, it seems reasonable to consider this as an independent lesion if there
is a physical distance from the donor site. Furthermore, if a neoplasm arising from the skin paddle advances,
it will eventually invade the surrounding mucosa, and these lesions should be diagnosed as SNAE. Finally, as
this study suggests that flap cancer is an exceptionally highly differentiated squamous cell carcinoma and does
not differ significantly from precancerous lesions, we recommend that the two should be broadly diagnosed as
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Figure 3. Histologic findings of flap cancer. Excessive keratinization was identified in the epithelium,
accompanied by a strong inflammatory response in the submucosal layer. (A) Low power view. (B) High power
view. (C) The staining result for p53 was +/— (wild-type). (D) The staining result for p16 was positive.

SNAE. The latter should not be excluded from the disease concept. Therefore, new diagnostic criteria based on
carcinogenic mechanisms are desirable while referring to conventional measures.

There is no consensus regarding the carcinogenic mechanisms of SNAFs. Although the effects of alcohol
consumption, smoking, postoperative radiotherapy, and human papillomavirus infection have been discussed
in the literature®?S, a strong correlation has not been demonstrated for these factors. A reasonable explanation
might be that neoplastic keratinocytes derived from the intraepithelial oral and pharyngeal mucosa spread into
the skin paddle and produce new cancer, a theory proposed and described by Braakhuis et al.”” as the “patch-
field carcinoma model” However, in this hypothesis, the new neoplasm in the skin paddle would be an ordinary
HNSCC; therefore, IHC staining should show a high rate of altered p53 type and negative p16 status.

We believe that carcinogenesis induced by chronic irritation, frequent infection, repeated trauma, and
contraction of the alien oral-pharyngeal environment to the grafted skin is the most likely cause; in other
words, SNAFs are basically skin cancers. Reconstructive flap skin has been reported to develop severe epi-
thelial dysplasia with concomitant deregulation of proliferation and increased p53 expression®. Additionally,
carcinogenesis caused by chronic irritation is a well-known etiology, and a similar concept includes burn scar
carcinogenesis?-*!. Previously, “mucosalization,” the loss of skin appendages including sebaceous glands in the
transplanted skin paddles, has been noted in the literature and is considered an inflammatory change caused by
chronic irritation®**. Therefore, we believe that SNAF is also a product of inflammatory changes and is very simi-
lar to burn carcinomas®*. The problematic difference between the two is that although burn scar carcinoma is
expected to decrease in the coming years owing to the refinement of burn scar therapy®’, one would expect to see
more cases of SNAF as the number of flap reconstructions is increasing and patients with cancer are living longer.

The significance of this study is limited for two reasons. First, the number of SNAFs detected was small; nev-
ertheless, this study had a relatively large cohort than previous reports. Second, the method used to explore the
etiology of SNAFs has limitations. To further evaluate the etiology of SNAF, the search range and methods may
need to be expanded. Although we evaluated the p53 phenotype along with TP53 status with IHC and NGS, our
sequence was targeted to frequently mutated regions of TP53. Broader evaluation, such as whole exome sequence
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Age at study entry, years

>75 219 (77%) | 2 (29%) 6 (43%)

<75 65(23%) | 5(71%) 8 (57%) p<0.001*
Sex

Male 220 (77%) | 5 (71%) 12 (86%)

Female 64 (23%) 2 (29%) 2 (14%) p=0.69*
Tumor site

Oral cavity 153 (54%) | 7 (100%) 10 (71%)

Hypopharynx 74 (26%) 0 (0%) 1(7%)

Oropharynx 32 (11%) 0(0%) 3(22%)

Larynx 25 (9%) 0 (0%) 0 (0%) p=0.15*
p53 (IHC)

Wild-type 65(23%) | 4 (57%) 10 (71%)

Altered type 219 (77) 3 (43%) 4(29%) p<0.001*
plé

Positive 20 (7%) 4 (57%) 9 (64%)

Negative 264 (93%) | 3 (43%) 5 (36%) p<0.001*

Table 2. Comparison of baseline characteristics between the typical head and neck squamous cell carcinoma
group and the two flap neoplasm groups. Control: a historical cohort of patients with typical head and neck
squamous cell carcinoma. *Fisher’s exact test.
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Figure 4. Histologic findings of precancerous lesions. Excessive keratinization was identified in the epithelium,
accompanied by a strong inflammatory response in the submucosal layer. (A) Low power view. (B) High power
view. (C) The staining result for p53 was +/— (wild-type). (B) The staining result for p16 was negative.
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Figure 5. Sequential changes of second primary neoplasm arising in the skin paddle of the reconstructive

flap. Histological transformation from a precancerous state to carcinoma of the flap over time is described. (A)
shows a precancerous lesion that did not become flap cancer in the present study. The histological findings of the
lesions in (A) and (B) are similar. The lesions in (B) and (C) are the same; however, (B) shows the lesion 2 years
prior, showing the histological change over time.

and other techniques that were not employed in this study may be considered to explain the etiology of the high
p16 positive rate of SNAF and the accurate distinction between the recurrence of the original disease and SNAF.

In conclusion, patients undergoing long-standing flap reconstruction surgery may benefit from careful moni-
toring for SNAF. SNAFs are grossly exophytic, pathologically accompanied by highly inflamed stroma, and exhibit
relatively benign behavior. Pathological atypia is not conspicuous, but fairly frequent incidence of altered p53
type/TP53 mutation and a higher p16 positivity rate than ordinary HNSCC is detected. Diagnosis is often dif-
ficult; therefore, it may advisable to perform repeated or excisional biopsy of the lesion when SNAF is suspected.
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Data availability
The datasets generated and/or analysed during the current study are available in the NBDC human data reposi-
tory, [Now registering].

Received: 20 December 2022; Accepted: 3 July 2023
Published online: 11 July 2023

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bakamjian, V. Y. A two-stage method for pharyngoesophageal reconstruction with a primary pectoral skin flap. Plast. Reconstr.
Surg. 36, 173-184 (1965).

Yoshino, K., Sato, T. & Umaya, K. A case of squamous cell carcinoma originated in the transferred skin flap after resection of
hypopharynx carcinoma. Otolaryngol. Head Neck Surg. 61,1127 (1989).

. Deans, J. A, Hill, J. & Welch, A. R. Late development of a squamous carcinoma in a reconstructed pharynx. J. Laryngol. Otol. 104,

827-828 (1990).

. Takeda, N., Ishida, K. & Kishimoto, M. Intraoral carcinoma arising from the myocutaneous flap covered an original malignant

lesion [Abstract]. In: 14th Japanese Congress of Head and Neck Cancer Abstract Collection, 244 (1990)

. Scott, M. J. & Klassen, M. E Squamous cell carcinoma in a tube pedicle 40 years after jaw reconstruction. Br. J. Plast. Surg. 45,

70-71 (1992).

. Sado, B. et al. Squamous cell carcinoma of the oral cavity derived from a skin graft: A case report. Head Neck 16, 79-82 (1994).
. Sakamoto, M. et al. A second primary squamous cell carcinoma arising in a radial forearm flap used for reconstruction of the

hypopharynx. ORL J. Otorhinolaryngol. Relat. Spec. 60, 170-173 (1998).

. Ohtsuka, A. et al. A case of squamous cell carcinoma arising in a PMMC reconstruction flap 8 years after surgery. Jpn. J. Oral

Maxillofac. Surg. 44, 987-989 (1998).

. Iseli, T. A., Hall, E T,, Buchanan, M. R. & Kleid, M. S. Squamous cell carcinoma arising in the skin of a deltopectoral flap 27 years

after pharyngeal reconstruction. Head Neck. 24, 87-90 (2002).

Monnier, Y., Pasche, P., Monnier, P. & Andrejevic-Blant, S. Second primary squamous cell carcinoma arising in cutaneous flap
reconstructions of two head and neck cancer patients. Eur. Arch. Otorhinolaryngol. 265, 831-835 (2008).

Ho, A. C,, Fan, P. Y,, Shek, T. W, Ho, D. & Wei, W. I. Second primary squamous cell carcinoma arising in the skin of a pectoralis
major myocutaneous flap 12 years after floor of mouth reconstruction. Eur. Arch. Otorhinolaryngol. 268, 147-150 (2011).
Zemann, W,, Jacobsen, C., Malek, M., Metzler, P. & Obwegeser, J. A. Squamous cell carcinoma arising in a skin flap: Case report
and review on malignant trans- formations in skin grafts and microvascular cutaneous flaps. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endod. 112, e54-58 (2011).

Yamasaki, A. et al. Squamous cell carcinoma derived from a skin flap used for reconstruction of the hypopharynx. Yonago Acta
Med. 54, 33-36 (2011).

Foschini, M. P. et al. Cancerization of cutaneous flap reconstruction for oral squamous cell carcinoma: Report of three cases studied
with the mtDNA D-loop sequence analysis. Histopathology 58, 361-367 (2011).

Nasu, T. et al. A case of squamous cell carcinoma arising in a free forearm flap 16 years after oral reconstruction. Pract. Otol. 105,
963-968 (2012).

Tokita, R., Nagashio, S., Shinohara, A. & Kurita, H. Second primary squamous cell carcinoma arising in a skin flap: A case report
and literature review on etiologic factors and treatment strategy. J. Oral Maxillofac. Surg. 71, 1619-1625 (2013).

Cymerman, J. A., Kulkarni, R., Gouldesbrough, D. & McCaul, J. A. First report of squamous cell carcinoma arising within an
intraoral radial forearm free flap. Int. J. Surg. Case Rep. 4, 731-734 (2013).

Valentini, V. et al. Squamous cell carcinoma arising on a forearm free flap 21 years after hemiglossectomy. Ann. Ital. Chir. 4, 87
(2016).

Terauchi, M. et al. Second primary squamous cell carcinoma in an oral cavity free flap: A case report and review of the literature.
Oral Maxillofac. Surg. 5, 100103 (2019).

Amin, S. N,, Shinn, J. R,, Tang, A., Lewis, J. S. & Mannion, K. Hypopharyngeal skin cancer following total laryngectomy and
pectoralis flap reconstruction: Case report and literature review. Head Neck Pathol. 13, 643-647 (2019).

Nakaue, K. et al. A second primary squamous cell carcinoma arising in the skin of a pectoralis major myocutaneous flap 20 years
after tongue reconstruction. J. Oral Maxillofac. Surg. Med. Pathol. 33, 448-453 (2021).

Kobayashi, K. et al. All-exon TP53 sequencing and protein phenotype analysis accurately predict clinical outcome after surgical
treatment of head and neck squamous cell carcinoma. Ann. Surg. Oncol. 26, 2294-2303 (2019).

Kobayashi, K. et al. Full-coverage TP53 deep sequencing of recurrent head and neck squamous cell carcinoma facilitates prognostic
assessment after recurrence. Oral Oncol. 113, 105091 (2021).

Mori, T., Kobayashi, K. & Yoshimoto, S. ASO author reflections: Precise p53 analysis in formalin-fixed paraffin-embedded speci-
mens can predict head and neck squamous cell carcinoma outcomes. Ann. Surg. Oncol. 26, 614-615 (2019).

Thomas, J. & Primeaux, T. Is p16 immunohistochemistry a more cost-effective method for identification of human papilloma
virus-associated head and neck squamous cell carcinoma?. Ann. Diagn. Pathol. 16, 91-99 (2012).

Kabeya, M., Furuta, R., Kawabata, K., Takahashi, S. & Ishikawa, Y. Prevalence of human papillomavirus in mobile tongue cancer
with particular reference to young patients. Cancer Sci. 103, 161-168 (2012).

Braakhuis, B. J., Leemans, C. R. & Brakenhof, R. H. A genetic progression model of oral cancer: Current evidence and clinical
implications. J. Oral. Pathol. Med. 33, 317-322 (2004).

Robinson, C. M., Prime, S. S., Paterson, L. C., Guest, P. G. & Eveson, ]. W. Expression of Ki-67 and p53 in cutaneous free flaps used
to reconstruct soft tissue defects following resection of oral squamous cell carcinoma. Oral. Oncol. 43, 263-271 (2007).

. Phillips, T.]., Salman, S. M., Bhawan, J. & Rogers, G. S. Burn scar carcinoma. Diagn. Manag. Dermatol. Surg. 24, 561-565 (1998).
. Kowal-Vern, A. & Criswell, B. K. Burn scar neoplasms: A literature review and statistical analysis. Burns 31, 403-413 (2005).
. Mousa, A. K. et al. Post-burn scar malignancy: 5-year management review and experience. Int. Wound J. 19, 895-909 (2022).
. Shibahara, T., Noma, H., Takeda, E. & Hashimoto, S. Morphologic changes in forearm flaps of the oral cavity. J. Oral Maxillofac.

Surg. 58, 495-499 (2000).

. Eliachar, L, Sebek, B. A., Levine, S. & Tucker, H. M. Histologic changes in skin implanted into the larynx and trachea by myocu-

taneous flap reconstruction. Otolaryngol. Head Neck Surg. 93, 754-758 (1985).

Acknowledgements

The authors thank Sachiko Miura, Chizu Kina, and Toshiko Sakaguchi for their excellent technical assistance.
We would like to thank Keijiro Mori for the illustrations. This work was supported by the Japan Society for the
Promotion of Science (JSPS) KAKENHI [Grant No. 21K16849] to KE and JSPS [Grant No. 20K07383] and AMED
[Grant No. 21cK0106539h002] to TM.

Scientific Reports |

(2023) 13:11214 | https://doi.org/10.1038/s41598-023-38122-9 nature portfolio



www.nature.com/scientificreports/

Author contributions

K.E, KK, G.0,S.Y,, and T.M. conceived the study. K.E., K.K., and T.M. collected patients’ clinical data. K.E.
designed and performed statistical analyses interpreted the data, and wrote the manuscript. Y.Y. and T.M.
reviewed the pathological data and conducted additional evaluations. A.S. and R.E. analyzed the genome
sequence data. All authors have read and approved the final version of the manuscript. Correspondence and
requests for materials should be addressed to T.M.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-023-38122-9.

Correspondence and requests for materials should be addressed to T.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

ov License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:11214 | https://doi.org/10.1038/s41598-023-38122-9 nature portfolio


https://doi.org/10.1038/s41598-023-38122-9
https://doi.org/10.1038/s41598-023-38122-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Clinical and pathological features of second primary neoplasms arising in head and neck reconstructive skin flaps
	Methods
	Patients and lesions. 
	Pathology. 
	TP53 sequencing. 
	Statistical analysis. 

	Results
	Flap cancer. 
	Precancerous lesions. 
	Discrepancies between the SNAF group and the control cohort. 

	Discussion
	References
	Acknowledgements


