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Abstract

Background: Bone marrow transplantation is now an established treatment for some hematopoietic disorders
and hematopoietic malignancies, and secondary solid tumors that develop after bone marrow transplantation have
begun to attract attention.

Case presentation: Herein, we report 3 cases of esophageal carcinoma that developed after bone marrow trans-
plantation. Case 1: 40-year-old female received cyclophosphamide and total body irradiation at 12 Gy for acute
myeloid leukemia, followed by related bone marrow transplantation. She developed chronic graft-versus-host disease
manifesting as pulmonary complications and was administered cyclosporine. Nine years after the transplantation,
she was diagnosed as having esophageal carcinoma Stage Il and underwent radical surgery. She died of the primary
disease 17 months after the surgery. Case 2: A 45-year-old male patient received cyclophosphamide, VP-16 and total
body irradiation at 13.2 Gy for acute lymphocytic leukemia, followed by related bone marrow transplantation. He
developed chronic graft-versus-host disease manifesting as liver dysfunction. Fifteen years after the transplantation,
he was diagnosed as having esophageal carcinoma Stage Il and underwent radical surgery. Seven months after the
surgery, he died of the primary disease. Case 3: A 30-year-old female patient received cyclophosphamide and total
body irradiation at 3 Gy for Fanconi anemia, followed by unrelated bone marrow transplantation. She developed
chronic graft-versus-host disease manifesting as a rash and was administered tacrolimus and methotrexate. Fifteen
years after the transplantation, she was diagnosed as having esophageal carcinoma Stage Ill and underwent radical
surgery. She died of sepsis 7 months after the surgery.

Conclusion: The esophageal carcinomas developing after bone marrow transplantation had the characteristics of
secondary solid tumors in all 3 patients, such as early onset, after total body irradiation, association with chronic graft-
versus-host disease, and history of use of immunosuppressive drugs. Patients undergoing bone marrow transplanta-
tion require long-term follow-up after the transplantation, considering the possible development of secondary solid
tumors, and in regard to secondary solid tumors developing in the gastrointestinal tract, it must be borne in mind
that the risk of esophageal carcinoma is particularly high.
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Background
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improved treatment outcomes, late complications occur-
ring in long-surviving patients have begun to attract
attention. Secondary solid tumors (SSTs) that develop
after BMT are among the reported late complications,
and recently there have been both isolated case reports
and reports of large-scale studies of SSTs; however,
few cases of esophageal carcinoma as SSTs have been
reported until now [1-4]. Herein, we report 3 resected
cases of esophageal carcinoma, considered as SSTs, after
BMT.

Cases presentation

Case 1: a 40-year-old woman

She had undergone related BMT from her older human
leukocyte antigen (HLA)-matched sister at the age of
31 years for acute myeloid leukemia (M2), which was
diagnosed when she was 30 years old. She received cyclo-
phosphamide and total body irradiation at 12 Gy as pre-
treatment. Approximately 5 months after the BMT, she
developed post-transplant chronic graft-versus-host dis-
ease (GVHD) manifesting as pulmonary complications,
and received treatment with cyclosporine. Subsequently,
she had no recurrence and was followed up on an outpa-
tient basis. Nine years after the BMT, she became aware
of difficulty in swallowing after meals and presented to
our department. She had never undergone upper gas-
trointestinal endoscopy and had a 20-year history of
habitual drinking of 2000 ml of beer/day and smoking 20
cigarettes/day. Detailed examination led to the diagno-
sis of esophageal carcinoma (Lt, Type 2, T3NOMO Stage
II) (Fig. 1). We thought that she was a high-risk case for
neoadjuvant chemotherapy (NAC) as she had undergone

Fig. 1 Endoscopic findings in Case 1. A type 2 lesion was found in
the lower thoracic esophagus
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BMT, and instead performed thoracoscopic thoracic
esophagectomy and retrosternal gastric conduit recon-
struction. She was discharged on the 20th postoperative
day without any postoperative complications. The his-
topathological diagnosis of the resected specimen was
moderately differentiated squamous cell carcinoma, Type
2, pT3N3 (8/94 metastasis positive lymph nodes) MO,
pStage III, INFb, lyl, v2 (Fig. 2). She developed multiple
lymph node and pulmonary metastases 12 months after
the surgery and underwent a total of 4 courses of chem-
otherapy (CF therapy: cisplatin 80 mg/m? and 5-fluoro-
uracil 800 mg/m?). She died of progressive esophageal
carcinoma 17 months after the surgery.

Case 2: a 45-year-old man

He was diagnosed as having acute lymphocytic leukemia
at the age of 29 years and had undergone related BMT
from his younger HLA-matched sister at the age of age
30 years. He received cyclophosphamide, VP-16 and
total body irradiation at 13.2 Gy as pretreatment. After
transplantation, he developed chronic GVHD manifest-
ing as liver dysfunction. Fifteen years after the BMT, he
became aware of difficulty in swallowing and presented
to our department. He had never undergone upper gas-
trointestinal endoscopy and was not a smoker, but had
a 25-year history of habitual drinking of 350 ml of beer/
day. Detailed examination led to the diagnosis of esopha-
geal carcinoma (LtAe, Type 3, T2NOMO Stage II) (Fig. 3).
And as in Case 1, he did not receive NAC, but underwent
thoracoscopic thoracic esophagectomy with retroster-
nal gastric conduit reconstruction. He was discharged
on the 19th postoperative day without any postopera-
tive complications. The histopathological diagnosis of

Fig. 2 Findings of the resected specimen in Case 1
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Fig. 3 Endoscopic findings in Case 2. A type 3 lesion was found in
the lower thoracic esophagus

the resected specimen was well differentiated squamous
cell carcinoma, Type 3, pT3N2 (2/56 metastasis positive
lymph nodes) MO, pStage III, Infb, ly2, v1 (Fig. 4). He
developed multiple pulmonary metastases 6 months after
surgery and died of progressive esophageal carcinoma
7 months after surgery.

Case 3: a 30-year-old woman

She was diagnosed as having Fanconi anemia at the age of
7 years and had undergone unrelated BMT from an unre-
lated HLA-mismatched male donor at the age of 15 years.
She received cyclophosphamide and total body irradia-
tion at 3 Gy as pretreatment. After the transplantation,
she developed chronic GVHD manifesting as a rash and
was initiated on treatment with tacrolimus and metho-
trexate. Fifteen years after the BMT, she became aware of
difficulty in swallowing and presented to our department.
She had never had an upper gastrointestinal endoscopy
and was neither a habitual smoker nor drinker. Detailed

Fig. 4 Findings of the resected specimen in Case 2
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examination led to the diagnosis of esophageal carcinoma
(MtUt, Type 2, T3N1MO, Stage III) (Fig. 5), and like in
Cases 1 and 2, she did not receive NAC, but underwent
thoracoscopic thoracic esophagectomy with retrosternal
gastric conduit reconstruction. She developed aspiration
pneumonia postoperatively, but improved after 2 weeks
of antibiotics and was discharged on postoperative day
37. The histopathological diagnosis of the resected speci-
men was moderately differentiated squamous cell carci-
noma, Type 2, pT3N2 (5/41 metastasis positive lymph
nodes) MO, pStage III, INFb, lyl, v1 (Fig. 6). She devel-
oped multiple bone metastases 6 months after the sur-
gery and died of sepsis 7 months after the surgery.

Discussion
SSTs commonly occur at sites with squamous epithelium,
such as the skin and oral cavity, and are characterized by
early onset and increasing risk of development with time
after BMT [5]. Reported risk factors for SSTs include the
use of immunosuppressive drugs, total body irradiation,
and association with chronic GVHD, and in particular,
esophageal carcinoma has been reported to be correlated
with the development of chronic GVHD and long-term
use of immunosuppressive drugs [5-7]. The esophageal
carcinoma in all the 3 patients reported herein had the
characteristics of SSTs, including early onset, total body
irradiation, association with chronic GVHD, and history
of use of immunosuppressive drugs (Table 1).

A study of the late complications after BMT in 17,545
subjects enrolled in the Nationwide Survey of the Japan

Fig. 5 Endoscopic findings in Case 3. A type 2 lesion was found in
the middle thoracic esophagus




Ninomiya et al. surg case rep (2021) 7:73

Page 4 of 6

"

g

Fig. 6 Findings of the resected specimen in Case 3

Table 1 Characteristics of the 3 cases

Sex Age when pStage of EC ~ Hematological ~ Donor Immunosuppressants  Radiation  Chronic GVHD  Period from
EC was disorders BMT to EC
diagnosed diagnosed
Case1 Female 40 T3N3MO, Acute myeloid  HLA-matched Cyclophosphamide, 12 Gy Pulmonary 9 years
Stage lll leukemia sister cyclosporine complica-
tions
Case2 Male 45 T3N2MO, Acute lym- HLA-matched Cyclophosphamide, 132 Gy Liver dysfunc- 15 years
Stage lll phocytic sister VP-16 tion
leukemia
Case3 Female 30 T3N2MO, Fanconi anemia Unrelated Cyclophosphamide, 3Gy Rash 15 years
Stage lll HLA- tacrolimus, metho-
mismatched  trexate
male

EC, esophageal carcinoma; GVHD, graft-versus-host disease; BMT, bone marrow transplantation; HLA, human leukocyte antigen

Society for Hematopoietic Cell Transplantation between
1990 and 2007 reported the standard incidence ratio
(SIR) of SSTs by site at various periods after transplan-
tation [7]. They reported an increase in the risk of SSTs
with time after BMT and a higher risk of development
of SSTs at sites of squamous epithelium, such as the oral
cavity, skin and esophagus. The SIR of SSTs in the esoph-
agus was 6.5 between 1 and 4 years, 12.6 between 5 and
9 years, and 16.8 at> 10 years after BMT, indicating an
increase in the risk with time after BMT and a higher risk
of development in the esophagus than in other organs.
Three patients reported herein had advanced cancer
at the time of diagnosis, and none of the 3 patients had
undergone regular screening. Thus, it is considered nec-
essary to regularly screen patients who have undergone
BMT, bearing in mind the high risk of development of
esophageal carcinoma [8, 9].

Although there have been few reports until now on
the treatment of SSTs, SSTs are often treated like general
primary cancers [10]. No consensus has been reached
on the specific aspects of treatment of esophageal car-
cinoma developing after BMT; however, in previously
reported cases, local treatment such as endoscopic treat-
ment, surgery or radiotherapy had been used according
to the disease stage and site [3, 4, 10]. The three cases
reported herein (they were 3 out of a total of 738 patients
who underwent esophagectomy at our hospital between
2010 and 2020 [0.4%]) had cStage II or III advanced
esophageal carcinoma, and would have been considered
for NAC. Although there is no established evidence of
chemotherapy for esophageal carcinoma after BMT,
chemotherapy has been reported to cause serious myelo-
suppression; therefore, use of chemotherapy should be
considered carefully [11]. We performed surgery without
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NAC, considering the potential adverse effects of chem-
otherapy on the hematopoietic function. On the other
hand, all the 3 patients showed recurrence within 1 year
after the surgery, and perhaps adjuvant therapy should be
considered.

In regard to the postoperative management of SSTs
after esophagectomy, there is a report that recommends
prophylactic antimicrobial drug administration, because
of the high incidence of pneumonia and the risk of severe
disease [11]. All three patients herein were followed up
carefully for complications of bacterial infections such
as pneumonia, but only one patient developed aspiration
pneumonia and improved with prompt initiation of anti-
microbial therapy. In the postoperative management of
SSTs patients undergoing esophagectomy, there is need
to pay attention to the risk of development and severe
disease of postoperative pneumonia.

The prognosis of esophageal carcinoma as an SST has
been investigated using data from hematopoietic cell
transplantation registries and population-based cancer
registries in Japan, and there was no statistical differ-
ence in the 3-year overall survival between patients who
developed esophageal carcinoma after BMT and those
with primary esophageal carcinoma in the general pop-
ulation (after transplantation vs. primary: 34% vs. 42%,
P=0.40) [12]. On the other hand, three patients in our
study with advanced cancer who developed recurrence
early after the surgery died. As described above, we think
that early detection by screening is important to improve
the prognosis.

In regard to follow-up after surgery for SSTs, since
there have been some reports of double cancers as SSTs,
follow-up should be performed with attention paid not
only to recurrence of esophageal carcinoma, but also to
the occurrence of cancers of other organs, in particular,
cancers arising from squamous epithelium, such as of the
oral cavity, pharynx and skin [8, 9]. Endoscopists should
be aware of the development of cancer of the tongue,
pharynx and esophagus and should examine them care-
fully for early detection.

Conclusions

Long-term follow-up is required in patients after BMT,
considering the possible development of SSTs, and in
regard to SSTs of the gastrointestinal tract, it should be
borne in mind that the risk of esophageal carcinoma, in
particular, is high.
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