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Abstract. The present case study investigated a rare case 
of quadruple squamous cell carcinoma following allogeneic 
hematopoietic stem cell transplantation (HSCT) for leukemia. 
The main aim of the case study was to determine the pathogen‑
esis and provide novel methods for the diagnosis and treatment 
of similar cases. The presence of genetic mutations in the p53, 
EGFR, KRAS and BRAF genes were analyzed and the pres‑
ence of microsatellite instability (MSI) was determined. In 
addition, the expression levels of the proteins p53 and EGFR 
were investigated. The results identified a genetic mutation in 
p53, of which its expression levels were upregulated. In addi‑
tion, the majority of the tumor tissues presented with MSI. 
Therefore, the present findings suggested that the genetic 
mutations in p53 caused by MSI following allogeneic HSCT 
may promote tumorigenesis. In addition, the expression levels 
of the EGFR protein were upregulated, leading to an increase 
in MAPK signaling pathway activation, which may also serve 
an important role.

Introduction

Hematopoietic stem cell transplantation  (HSCT) has been 
identified as a potential curative treatment for leukemia (1,2). 
However, previous studies have demonstrated that patients who 
develop chronic graft‑versus‑host disease (cGVHD) following 
HSCT have an increased risk of developing solid tumors, such 
as squamous cell carcinoma (SCC) (3‑5); In a large cohort of 
HSCT recipients, the oral cavity is one of the most common 
SCC sites, accounting for 15% of all solid cancers (6,7). And 

cGVHD is a significant risk factor independently associated 
with the development of secondary carcinoma (8,9). This is 
primarily considered to occur due to the immunosuppressive 
therapeutic regimen, which generally includes cyclosporine, 
tacrolimus and corticosteroids (10). The present case report 
described a patient with multiorgan cGVHD, who developed 
quadruple SCC in the oral cavity, esophagus and skin following 
the prolonged exposure to combined immunosuppressant drug 
therapies. The main purpose of the present study was to deter‑
mine its pathogenesis, and to determine whether p53, EGFR, 
KRAS, BRAF genes and immune status are related to tumors 
after HSCT, and to provide novel methods for the diagnosis 
and treatment of similar cases. In conclusion, the presence 
of microsatellite instability after HSCT indicated the insta‑
bility of the genome, and might be the basis for other genetic 
changes. The P53 mutation might be an important promoter of 
multiple cancers after transplantation in the reported patient; 
high expression of EGFR protein increased the activity of 
MAPK signal transduction pathway and promoted the occur‑
rence of tumors to a certain extent. Additionally, the long‑term 
use of immunosuppressive agents after transplantation might 
promote the occurrence of tumors. Furthermore, advances 
in treatment and supportive care have translated into steady 
improvements in survival after HSCT (5). With larger numbers 
of long‑term survivors, quantifying the late effects and related 
complications of transplantation has been a research priority.

Case report

Patient history. A 41‑year‑old male presented in 
September 1998 with a history of fever for 10 days, who was 
subsequently diagnosed with acute nonlymphocytic leukemia 
(M2a type) by bone marrow examination using Wright's and 
Giemsa staining (Fig. 1A). This staining was performed by 
incubation of samples with 100%  methanol for 1‑2  min, 
followed by incubation with the Wright stain for 4 min, working 
buffer for a further 4 min and working Giemsa stain for 4 min. 
The samples were then washed in distilled water and observed 
under a light optical microscope. The patient was treated with 
chemotherapy at regular intervals, which achieved a complete 
remission that lasted ~2.5 years. The chemotherapy regimens 
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included daunorubicin and cytarabine (‘DA’), omacetaxine 
mepesuccinate, cytarabine and daunorubicin (‘HAD’), omac‑
etaxine mepesuccinate, cytarabine and vumon (‘HA+Vm26’), 
daunorubicin, cytarabine and epirubicin (‘DAE’), omacetaxine 
mepesuccinate, oncovin, cytarabine and prednisone (‘HOAP’). 
The patient relapsed in August 2000, and then underwent an 
allogeneic peripheral blood (allo)‑HSCT in Beijing from a 
fully human leukocyte antigen‑matched male sibling. The 
myeloablative conditioning regimen consisted of total body 
irradiation, high dose cyclophosphamide and granulocyte 
colony‑stimulating factor. Following the HSCT, cyclosporin A 
was prescribed to prevent GVHD prophylactically for 1 year. 
However, upon terminating the treatment regimen, the patient 

developed extensive multiorgan cGVHD, including a skin 
rash, stomatitis, diarrhea, Sjögren's syndrome and nephrotic 
syndrome, which was subsequently controlled by the combined 
treatment of a glucocorticoid and mycophenolate mofetil for 
1.5 years. In 2004, the patient suffered condyloma acuminate, 
which did not recur following laser treatment 

The pat ient was subsequently diagnosed with 
middle‑differentiation squamous carcinoma of the right upper 
lip (Fig. 1B), poor‑differentiation squamous carcinoma of the 
bottom left gum (Fig. 1C), middle‑differentiation squamous 
carcinoma in the lower part of the esophagus (Fig. 1D) and 
high‑ and middle‑differentiation squamous carcinoma of 
the left submaxillary gland (Fig. 1E) using H&E staining in 

Figure 1. Histopathologic sections of quadruple carcinoma. (A) Acute nonlymphocytic leukemia (M2a type). Left panel represents Wright's and Giemsa staining 
at x100 magnification and the right panel represents Wright's and Giemsa staining at x1,000 magnification. (B) Cheilocarcinoma tissue. Left panel represents 
H&E staining at x200 magnification and the right panel represents H&E staining at x400 magnification. (C) Gingival carcinoma tissue. Left panel represents 
H&E staining at x200 magnification and the right panel represents H&E staining at x400 magnification. (D) Esophageal carcinoma. Left panel represents H&E 
staining at x200 magnification and the right panel represents H&E staining at x400 magnification. (E) Submaxillary gland squamous carcinoma. Left panel 
represents H&E staining at x200 magnification and the right panel represents H&E staining at x400 magnification.
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the Second Xiangya Hospital of Central South University in 
July 2005, January 2007, October 2008 and October 2009, 
respectively. H&E staining was performed on 4‑µm‑thick 
tissue sections. Specimens were stained with hematoxylin for 
5 min and 1% eosin for 1 min, and observed under a light 
optical microscope (magnifications, x200 and x400).

Each squamous carcinoma was treated with surgery and 
no metastasis was identified during the lymphadenectomy. 
The patient died in December  2009 due to postoperative 
pulmonary infection and malnutrition.

The patient was described as healthy beforehand, with 
no significant family history, and no history of smoking, or 
alcohol or betel nut use.

Methods. The specimens used in the following method were 
all from the patient who was diagnosed with quadruple SCC 
following allogeneic HSCT for leukemia. Cell‑free DNA 
was extracted from the blood plasma of the peripheral blood 
of the patient in 2009 (since tumor cells in the peripheral 
blood are easier to lyse compared with normal blood cells, 
cell‑free DNA from tumor cells are shed from the blood). 
Tissue samples were routinely fixed in 10%  (v/v) neutral 
formalin, and embedded in paraffin at a temperature of 
60˚C. The paraffin‑embedded sections were then cut into 
3‑4‑µm‑thick sections, mounted on slides and then deparaf‑
finized. To block endogenous peroxidase activity, slides were 

treated for 5 min at room temperature with 3% H2O2, diluted 
in distilled water in the case of protease digestion. And the 
classical phenol‑chloroform method was used to extract tissue 
DNA (11). Subsequently, PCR was performed to amplify the 
p53, EGFR, KRAS and BRAF genes, in addition to five micro‑
satellite accepted loci, including D2S123, D5S346, D17S250, 
BAT25 and BAT26. The thermocycling conditions utilized are 
presented in Tables SI and SⅡ. Denaturing high‑performance 
liquid chromatography (DHPLC) was used to screen for muta‑
tions in the PCR amplification products of the p53, EGFR, 
KRAS and BRAF genes present in the blood plasma of the 
patient's peripheral blood (Table SⅢ). DHPLC was performed 
using the Transgenomic Wave Nucleic Acid Fragment 
Analysis System with a DNASep column (Transgenomic, 
Inc.). Triethylammonium acetate at 0.05%  acetonitrile in 
0.1 M (TEAA; eluent A) and 25% acetonitrile in 0.1 M TEAA 
(eluent B) were comprised in the mobile phases. Using peri‑
cancerous tissues as a comparison, after surgery to remove 
the carcinoma of the gum, an ideal column temperature 
of 50˚C was used to analyze the presence of microsatellite 
instability (MSI) in the patient's tumor tissue in five accepted 
loci (D2S123, D5S346, D17S250, BAT25 and BAT26). Then, 
the ABI 3730 instrument (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) was used to sequence the p53, EGFR, 
KRAS and BRAF gene amplification products from the 
paraffin‑embedded tumor tissues following the four operations. 

Table I. Gene mutations from cell‑free tumor cells of the blood detected by denaturing high‑performance liquid chromatography.

A, EGFR

Exon	 Detection result	 Interpretation result

E18	 Peak shape of the sample is same as that of the control	 No mutations
E19	 Peak shape of the sample is same as that of the control	 No mutations
E20	 Sample amplification failed
E21	 Peak shape of the sample is same as that of the control 	 No mutations

B, BRAF

E11	 Peak shape of the sample is same as that of the control	 No mutations
E15	 Peak shape of the sample is same as that of the control	 No mutations

C, KRAS

E2	 Peak shape of the sample is same as that of the control	 No mutations
E3	 Peak shape of the sample is same as that of the control	 No mutations

D, p53

E5	 64.5˚C, peak shape of the sample differs from that of the control; 65.5˚C, it is hard 	 Suspicious mutations
	 to judge due to insufficient sampling volume; other two temperatures, peak shape
	 of the sample is same as that of the control
E6	 Peak shape of the sample is same as that of the control 	 No mutations
E7	 Sample amplification failed
E8	 Peak shape of the sample is same as that of the control	 No mutations

https://www.spandidos-publications.com/10.3892/ol.2021.12602
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Table II. Gene sequencing result in tumor tissues.

A, Cheilocarcinoma

Gene	 Exon	 Detection result	 Interpretation result

EGFR	 E18	 Normal
	 E19	 Normal
	 E20	 Normal
	 E21	 Normal
BRAF	 E11	 Normal
	 E15	 Normal
KRAS	 E2	 Normal
	 E3	 Low sequencing quality
p53	 E5	 C‑A (serine‑termination)
	 E6	 Normal
	 E7	 G‑A (mutation of intron)	 Mutation of intron
	 E8	 A‑T being suspicious (low mutation proportion; glutamic acid‑valine)

B, Gingival carcinoma

EGFR	 E18	 Normal
	 E19	 Normal
	 E20	 C‑A (isoleucine‑isoleucine)
	 E21	 G‑A (valine‑valine)
BRAF	 E11	 Normal
	 E15	 Normal
KRAS	 E2	 Normal
	 E3	 Low sequencing quality
p53	 E5	 G‑A (leucine‑leucine)
		  A‑G (histidine‑arginine)
	 E6	 Normal
	 E7	 Low sequencing quality, suspicious C‑A
	 E8	 A‑T being suspicious (low mutation proportion; glutamic acid‑valine)

C, Esophageal carcinoma

EGFR	 E18	 Normal
	 E19	 Normal
	 E20	 Normal
	 E21	 Normal
BRAF	 E11	 Not yet amplify
	 E15	 Normal
KRAS	 E2	 Normal
	 E3	 Low sequencing quality
p53	 E5	 G‑A (leucine‑leucine)
	 E6	 Normal
	 E7	 G‑A	 Glutamic acid altered
			   to terminator codon
	 E8	 Normal

D, Submaxillary carcinoma

EGFR	 E18	 Normal
	 E19	 Normal
	 E20	 Normal
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Immunohistochemistry was also used to analyze the expres‑
sion levels of p53 and EGFR in the tumor cells of the tissue 
samples. Immunohistochemistry was performed by adding 3% 
hydrogen peroxide solution to the tissue sections for 15 min 
at room temperature in the dark to eliminate the endogenous 
peroxidase activity of the tissue. Then, mouse anti‑human p53 
monoclonal antibody (1:50; cat. no. MAB‑0674; Fuzhou Maixin 
Biotech Co., Ltd.), and mouse anti‑human EGFR monoclonal 
antibody (1:50; cat. no. MAB‑0196; Fuzhou Maixin Biotech 
Co., Ltd.) were used as primary antibodies and incubated in 
a humidified chamber at 4˚C overnight. The used antibody 
dilution followed the guidance provided in the kit instruc‑
tions. On the following day, tissue samples were incubated 
with the secondary biotin‑labeled goat anti‑rabbit antibody 
(UltraSensitive SP; cat. no. KIT‑9709; Fuzhou Maixin Biotech 
Co., Ltd.), at room temperature for 15 min. Brown‑yellow 
particles in the cell indicated positive cell staining. Each slide 
was counted in 5 high‑power fields randomly selected under 
a light optical microscope (magnification, x400), and the 
proportion of positive cells stained was counted as follows: 
i) ≤25%, (‑); ii) 25‑50%, (+); iii) 50‑75%, (++); and iv) >75%, 
(+++). Finally, a FACSCalibur™ flow cytometer (FACS101; 
BD Biosciences) was used to analyze the lymphocyte subsets 
present in the patient's peripheral blood to roughly estimate 

the patient's immune state. Analysis was performed with the 
CellQuest software (BD Biosciences).

Results 
Genetic mutations identified in the tumor cells of the periph-
eral blood. For the tumor suppressor gene P53 exon E5, the 
sample peak shape was different from the control peak shape 
at 64.5˚C; at 65.5˚C, the peak shape was not easy to judge due 
to insufficient injection volume, and the sample exon E5 was 
considered to be a suspicious mutation. No mutations were 
found in EGFR, BRAF and KRAS genes (Table I).

Sequencing results of amplified gene products in the tumor 
tissues. There was a C‑A mutation in the EGFR gene E20 of 
gingival cancer tissue. The amino acid coded before and after 
the mutation was the same as isoleucine, and E21 had a G‑A 
mutation, which encodes valine before and after the mutation. 
None of the mutations caused any changes in gene function. 
No abnormality was found in the sequencing results of BRAF 
and KRAS (Table II).

For the sequencing of the P53 gene in cheilocarcinoma, it 
was found that there was a C‑A mutation in E5, which converted 
the original codon encoding serine into a stop codon. A G‑A 
mutation in the non‑coding region of E7 of P53, which is an 
intron mutation, was observed. In the P53 gene E8 there was a 

Table II. Continued.

D, Submaxillary carcinoma

Gene	 Exon	 Detection result	 Interpretation result

	 E21	 Normal
BRAF	 E11	 Normal
	 E15	 Normal
KRAS	 E2	 Low sequencing quality
	 E3	 Low sequencing quality
p53	 E5	 A‑G (histidine‑arginine)
	 E6	 Normal
	 E7	 Normal
	 E8	 Normal

Table III. Protein expression level of p53 and EGFR in tumor tissues.

Tumor tissue (paraffin‑embedded tumor tissue)	 Protein expression	 Detection result

Cheilocarcinoma	 EGFR	 (+~++)
	 p53	 (++)
Gingival carcinoma	 EGFR	 (+)
	 p53	 (+++)
Esophageal carcinoma	 EGFR	 (++)
	 p53	 (+++)
Submaxillary carcinoma	 EGFR	 (++)
	 p53	 Off

The proportion of yellow‑brown cells stained was counted and the following scale was used: i) ≤25%, (‑); ii) 25‑50%, (+); iii) 50‑75%, (++); 
iv) >75%, (+++).

https://www.spandidos-publications.com/10.3892/ol.2021.12602
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suspicious A‑T mutation in the coding region, and the coding 
amino acid changed from glutamic acid to valine. In gingival 
carcinoma tissue G‑A and A‑G mutations were detected in E5 
of P53. The formerly coded amino acids were unchanged and 
both were leucine, whereas the latter changed from coding 
histidine to arginine. There was a suspected non‑coding region 
C‑A mutation at E7. The proportion of mutations in the coding 
region was low at E8, and A‑T mutations were suspected, 
the encoded amino acid was changed from glutamic acid to 
valine. Sequencing of the P53 gene in esophageal carcinoma 
tissue showed that E5 had G‑A mutations, the encoded amino 
acids before and after the mutation were unchanged, and all 
were leucine. E7 had G‑A mutations, which meant that the 

codon GAA changed to AAA, that is, glutamate changed to a 
stop codon. Sequencing of E5 in the P53 gene in submaxillary 
carcinoma tissue revealed an A‑G mutation, and the encoded 
amino acid changed from histidine to arginine (Table II).

Protein expression levels of p53 and EGFR in the tumor 
tissues. The immunohistochemical results were divided into 
three grades according to the number of positive cells and the 
positive intensity. The expression levels of P53 protein in the 
tissues of cheilocarcinoma, gingival carcinoma and esopha‑
geal carcinoma were (++), (+++) and (+++), respectively. The 
expression levels of EGFR in cheilocarcinoma, gingival carci‑
noma, esophageal carcinoma and carcinoma of submaxillary 
were (+~++), (+), (++) and (++), respectively. Therefore, the 

Figure 3. Presence of microsatellite instability in the tumor tissues at the D2S123 locus. 1 represents cheilocarcinoma tissue, 2 represents esophageal carci‑
noma, 3 represents submaxillary gland squamous carcinoma, 4 represents gingival carcinoma tissue, and 5 represents pericancerous tissues of gingival 
carcinoma (control).

Figure 2. Presence of microsatellite instability in the tumor tissues at the BAT25 locus. 1 represents cheilocarcinoma tissue, 2 represents esophageal carci‑
noma, 3 represents submaxillary gland squamous carcinoma, 4 represents gingival carcinoma tissue, and 5 represents pericancerous tissues of gingival 
carcinoma (control).
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expression levels of EGFR and P53 protein in the four tumor 
tissues were different (Table III).

Presence of MSI in the tumor tissues. Using perican‑
cerous tissues of gingival carcinoma as a reference, the size 
of the gene segments in the cheilocarcinoma and esophageal 
carcinoma tissues at the BAT25 (Fig. 2) locus were reported 
to be altered. However, the genes in the control group at the 
D2S123 locus (Fig. 3) were not amplified. Notably, the length 
of every gene segment in the submaxillary gland carcinoma 
tissue differed from that of the other tumor tissues, the length 
of the microsatellite gene segments in the submaxillary gland 
carcinoma tissues were altered at the D17S250 locus (Fig. 4) 
and no significant differences were identified in the length of 

the DNA segment at the BAT26 (Fig. 5) and D5S346 (Fig. 6) 
loci in the four tumor tissues.

MSI was identified in cheilocarcinoma tissues at the BAT25 
locus, in esophageal carcinoma tissues at the BAT25 locus and 
in submaxillary gland carcinoma tissues at the D2S123 and 
D17S250 loci; however, no abnormalities were identified in the 
gingival carcinoma tissues at any of the five microsatellite loci.

Identification of lymphocyte subsets in the peripheral 
blood. The lymphocyte subsets present in the peripheral 
blood were analyzed using flow cytometry. However, due to 
the present study being retrospective, the patient's peripheral 
blood was only extracted following the final operation. The 
results revealed the following ratio of T cells: i) CD3+ T cells, 

Figure 4. Presence of microsatellite instability in the tumor tissues at the D17S250 locus. 1 represents cheilocarcinoma tissue, 2 represents esophageal 
carcinoma, 3 represents submaxillary gland squamous carcinoma, 4 represents gingival carcinoma tissue, and 5 represents pericancerous tissues of gingival 
carcinoma (control).

Figure 5. Presence of microsatellite instability in the tumor tissues at the BAT26 locus. 1 represents cheilocarcinoma tissue, 2 represents esophageal carci‑
noma, 3 represents submaxillary gland squamous carcinoma, 4 represents gingival carcinoma tissue, and 5 represents pericancerous tissues of gingival 
carcinoma (control).

https://www.spandidos-publications.com/10.3892/ol.2021.12602
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56% (55‑84%); ii) CD8+ T cells, 29% (13‑41%); iii) CD4+ 

T cells, 26% (31‑60%); and iv) CD4+/CD8+ ratio, 0.9 (1.4‑2.5), 
thus the ratio was decreased.

Discussion

There has been a number of reported cases (12,13) of multiple 
primary carcinomas (MPCs) in recent years. For example, 
Fukuda et al (14) studied p53 mutations in relation to MPCs in 
a case of four separate oral cancers. However, to the best of our 
knowledge, the present case study was the first case involving 
quadruple SCC following HSCT, of which the presence of 
multiorgan cGVHD and the prolonged exposure to immuno‑
suppressive therapies were factors suggested to be related to 
the development of SCC.

Currently, according to Warren's diagnostic criterion 
of MPCs in 1932 (15), the following criteria can be used to 
diagnose a patient with rare MPCs: i)  the four squamous 
carcinomas are of different degrees and pathomorphologies; 
ii) the MPCs are located at different sites and not adjacent; and 
iii) the onset is during an early stage, where there is less oppor‑
tunity for metastasis. The risk factors for MPCs in patients 
with head and neck cancer include an older age, being male, 
and smoking and alcohol consumption (16). In addition, it has 
been reported that MPCs most frequently occurred in the kera‑
tinized epithelium, such as the gingiva and hard palate (17), 
which is consistent with the findings in the present case study. 
However, the patient of the present study had no history of 
smoking, or alcohol or betel nut use, which suggested that 
other risk factors may be involved. Thus, close attention was 
paid to the underlying mechanism.

Allogeneic HSCT is a potential curative option for 
numerous hematological malignancies. However, patients 
undergoing allografts are at an increased risk of developing 
a second solid cancer, in which the overall survival varies 
depending on the type of secondary cancer  (5,18,19). A 

previous study  (20) demonstrated that being male was 
associated with the development of cutaneous and oral SCC 
following HSCT. Furthermore, the age at transplantation, 
exposure to radiation as part of the conditioning regimen and 
chronic GVHD were identified as important risk factors for 
invasive solid cancers (18,21). Specifically, GVHD is a major 
complication of allogeneic HSCT, which occurs as a result 
of complex immunological and inflammatory interactions, 
and it has been demonstrated to be responsible for significant 
morbidity and mortality rates  (22,23). In addition, taking 
long‑term immunosuppressants was discovered to be a major 
risk factor, especially in combination with other drugs, such as 
azathioprine, cyclosporin ciclosporin and hormones (24,25). 
For instance, the patient in the present study was a male who 
took ciclosporin regularly for 1 year following HSCT, after 
which GVHD occurred soon after drug withdrawal. The 
patient continued to receive immunization therapy for half a 
year with a glucocorticoid and 1‑year immunization therapy 
with mycophenolate. In addition, the peripheral blood lympho‑
cyte subsets present in the patient were investigated; the results 
revealed that the ratio of CD4+/CD8+ T cells was markedly 
decreased, which indicated that the patient was under a state of 
immunosuppression. It was previously reported that immuno‑
suppressive conditions led to infections and the reproduction 
of the tumor virus, which eventually developed into malignant 
tumors related to said virus  (26,27). The patient suffered 
condyloma acuminate, which is an HPV infection. In addition, 
inflammatory and epithelial cells release reactive oxygen and 
nitrogen species that are capable of causing DNA damage, 
which has been reported to serve important roles in cancer 
development  (28). Therefore, the patient who underwent 
HSCT and developed GVHD in the present study was at an 
increased risk of developing a secondary cancer. Nevertheless, 
the mechanism by which this occurred remains unclear.

Moreover, genomic alterations in the mucosal epithelium 
have been frequently reported following allogeneic HSCT, 

Figure 6. Presence of microsatellite instability in the tumor tissues at the D5S346 locus. 1 represents cheilocarcinoma tissue, 2 represents esophageal carci‑
noma, 3 represents submaxillary gland squamous carcinoma, 4 represents gingival carcinoma tissue, and 5 represents pericancerous tissues of gingival 
carcinoma (control).
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especially among tissues affected by GVHD; this occurrence 
is considered to contribute to the development of secondary 
malignancies  (29). In these circumstances, MSI has been 
widely identified in the genome of the patient's tumor tissue, 
where it was suggested to underlie the basic pathology of 
the tumorigenic process. Furthermore, under inflammatory 
conditions, inflammatory and epithelial cells release reactive 
oxygen and nitrogen species, which are capable of causing 
DNA damage (28). This, it was hypothesized that the chronic 
stimulation of inflammation and GVHD, in addition to the 
imperfect DNA repair mechanism, may be associated with the 
presence of MSI in tissues following transplantation.

An increasing number of studies have highlighted the role 
of mutant p53 proteins in altering the cancer cell secretome 
and modifying the tumor microenvironment (30‑32). Therefore, 
mutations in both the p53 gene and protein in tumor tissues are 
likely explanations for the development of the patient's secondary 
solid tumor. Since the publication of Knudson's two‑hit hypoth‑
esis in 1993 (33), it is common knowledge that cancer is caused 
by the accumulation of mutations in the DNA of cells. The term 
loss of heterozygosity (LOH) has gathered increasing attention 
for its role in malignancies, and its accumulation in different 
tumor suppressor genes suggests the association of LOH with 
cancer (34). In the p53 gene, exon 4 site has been discovered to 
have 66% LOH in heterozygous individuals. From these results, 
it was concluded that the inactivation of the p53 gene is related 
to the progression of oral cancer (35). In fact, the inactivation 
of p53 is considered a common step in the progression of 
numerous types of human cancer. Yamasaki et al (36) reported 
a rare case of SCC in the tongue dorsum in a 69‑year‑old man 
with a history of multiple cancers, including esophageal cancer, 
gastric cancer and renal cell carcinoma. Germline TP53 muta‑
tions were also discovered to be risk factors for uncontrolled cell 
proliferation (36). In addition, p53 expression levels were identi‑
fied as an independent risk factor for early oral squamous cell 
carcinoma with dysplastic surgical margins (37), thus additional 
therapeutics and close follow‑ups are required for these patients. 
However, to the best of our knowledge, no previous studies have 
reported the association between p53 mutations and HSCT; 
it was hypothesized that the high presence of MSI following 
allogeneic HSCT may inactivate tumor suppressor genes. Due 
to the universal presence of p53 gene mutations in the majority 
of types of tumor, it cannot be excluded that such mutations may 
be caused by non‑transplantation factors; however, it also cannot 
be denied that HSCT itself, and the administration of immuno‑
suppressive therapy before and after HSCT may promote the 
development of the tumor to a certain degree. 

In addition, it was previously demonstrated that p53 interacted 
with EGFR to promote the activation of the EGFR/ERK/MMP‑2 
signaling pathway (38). The MAPK pathway is known to be 
closely associated with malignant tumors of the epithelium, and 
EGFR, KRAS and BRAF genes are all major effector molecules 
of the pathway. In fact, upregulated expression levels of EGFR 
have been detected in numerous types of tumor tissues (39). 
In the present study, no mutations were identified in cell‑free 
tumor cells of the peripheral blood, or within the EGFR, KRAS 
and BRAF genes in the tumor tissue following the operation; 
however, immunohistochemistry analysis revealed that the EGFR 
protein expression levels in the tumor tissues were upregulated, 
which may be related to the amplification of the EGFR gene or 

the dysregulation of the MAPK signaling pathway. Although 
the results of the present study are unable to confirm that the 
overexpression of EGFR was a pathogenic factor for the patient, 
it has been suggested that the development of secondary tumors 
following HSCT are likely to overexpress EGFR, which may be 
sensitive to target‑specific drug treatments.

The findings of the present and previous studies suggested 
that a frequent and thorough oral and skin examination should 
be recommended for all long‑term HSCT survivors, with 
increased attention provided to those individuals who develop 
cGVHD and those on long‑term cumulative immunosup‑
pressant therapies. The primary therapeutic option for MPCs 
should be surgical removal, as the prognosis is improved 
compared with metastatic or recurrent carcinoma (40,41). In 
addition, to decrease the number of deaths related to surgery, 
such as postoperative pneumonia or sudden death, nutritional 
support should also be provided following the operation.

In conclusion, the long‑term use of immunosuppressants and 
chronic inflammation caused by HPV infection following HSCT 
may lead to DNA damage. The presence of MSI following HSCT 
indicated the instability of the genome, which provided reasons 
for the mutations found within the p53 gene, and suggested a 
major mechanism for the development of secondary multiple 
tumors following HSCT. Meanwhile, the identified upregulated 
protein expression levels of EGFR may increase the activity of 
the MAPK signaling transduction pathway, which may in turn, 
promote oncogenesis to a certain extent.
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