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Abstract:

A 61-year-old woman exhibited right inguinal lymphadenopathy and right lower limb edema approximately
1 month prior to hospitalization. She was diagnosed with high grade B-cell lymphoma, and a lymph node bi-
opsy and fluorescence in situ hybridization indicated MYC, BCL2, and BCL6 rearrangements (triple-hit lym-
phoma). She had progressive disease that was CD20-negative after two courses of rituximab, cyclophos-
phamide, doxorubicin, vincristine, methotrexate/ifosfamide, etoposide, high-dose cytarabine (R-CODOX-M/
IVAC) therapy. Subsequent etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin (EPOCH)
therapy was not effective. However, after two cycles of gemcitabine, dexamethasone, and cisplatin (GDP)
therapy, she achieved a complete response and was able to undergo autologous peripheral blood stem cell
transplantation. GDP therapy may be effective as salvage therapy for chemotherapy-resistant triple-hit lym-
phoma.
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Introduction

High-grade B-cell lymphoma (HGBL) with MYC and
BCL2 and/or BCL6 rearrangements (double-hit/triple-hit
lymphoma) was established as an independent entity in the
group of aggressive B-cell lymphomas in the recent World
Health Organization classification (4th revised edition) (1).
Although intensive chemotherapies, such as dose-adjusted
(DA) etoposide, prednisolone, vincristine, cyclophos-
phamide, doxorubicin, and rituximab (EPOCH-R), have
been reported as effective treatments for double-hit/triple-hit
lymphoma, no standard of treatment has been estab-
lished (2).

Rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisolone (R-CHOP therapy) is administered as a
standard chemotherapy for newly diagnosed diffuse large B-
cell lymphoma (DLBCL); however, many studies have re-
ported that DLBCL patients with genetic abnormalities, such
as MYC and/or BCL2 rearrangements, show R-CHOP resis-
tance and a poor prognosis (3-6). Furthermore, even in pa-
tients in whom autologous peripheral blood transplantation
or allogeneic transplantation have been performed after sal-
vage chemotherapy, double-hit/triple-hit lymphomas have an
extremely poor prognosis, with no established salvage che-
motherapy (1, 2, 7).

High-dose chemotherapy with autologous hematopoietic
stem cell transplantation (HDC/AHSCT) is recommended
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for patients under 65 years of age with relapsed/refractory
DLBCL if salvage chemotherapies are effective [complete
response (CR) or partial response] (8, 9). However, there has
been no evidence supporting treatments other than HDC/
AHSCT for refractory or relapsed DLBCL (10). Recently,
several chemotherapy regimens, including dexamethasone,
cisplatin, cytarabine (9, 11);  methylprednisolone,
etoposide, cytarabine, and cisplatin (12); ifosfamide, car-
boplatin, and etoposide (ICE) (13); cyclophosphamide, cyta-
rabine,  dexamethasone, and etoposide (14); DA-
EPOCH (15); ifosfamide, mitoxantrone, and etoposide (16);
and gemcitabine, dexamethasone, and cisplatin (GDP) (17),
with or without rituxamib, have been reported as effective
salvage therapies. However, it is unclear which salvage che-
motherapy is superior in which patients. Few chemotherapy
regimens can achieve a CR prior to HSCT and obtain suffi-
cient numbers of CD34-positive cells in peripheral blood
stem cell harvest (PBSCH). GDP; carmustine, etoposide, cy-
tarabine, and melphalan; and ICE regimens have been re-
ported as appropriate regimens for PBSCH (18).

We herein report a case of relapsed/refractory triple-hit
lymphoma in which GDP therapy was effective salvage che-
motherapy as a bridge to autologous peripheral blood stem
cell transplantation (PBSCT).

and

Table 1. Immunophenotype at the First Diagno-

sis and at Relapse.
phenotype at first diagnosis at relapse
CD20 positive negative
CD79a positive positive
CD10 positive positive
BCL2 positive positive
BCL6 positive (40-45%)  negative (5%)
MUMI1 negative negative
MYC positive (90%) positive (90%)
Ki67 positivity >90% >90%

Case Report

A 61-year-old Japanese woman visited her doctor because
of right inguinal lymphadenopathy and right lower limb
edema that appeared approximately 1 month prior to hospi-
talization. The edema worsened, and multiple skin masses
appeared. Laboratory data showed the elevation of lactate
dehydrogenase (1,030 IU/L). Computed tomography (CT)
revealed a bulky mass in the retroperitoneum in addition to
the skin masses. Malignant lymphoma was suspected, and
she was referred to our department. Due to the rapid growth
of the tumor, she was hospitalized immediately.

She was diagnosed with DLBCL by a skin biopsy on the
first hospital day. The results of immunohistochemistry are
shown in Table 1. CT showed the presence of a bulky mass
in the pelvic cavity (maximum diameter 16 cm) and bilateral
hydronephrosis (Fig. 1). Immediately, ureteral stenting was
performed, and R-CHOP was subsequently performed on
the third hospital day. A bone marrow examination showed
infiltration of lymphoma cells, and a fluorescence in situ hy-
bridization analysis (5°/3° MYC probe split signal, 5°/3’ BCL
2 probe split signal, and 5°/3° BCL6 probe split signal)
proved MYC, BCL2, and BCL6 rearrangements (Fig. 2).
Based on these results, the diagnosis was HGBL with MYC
and BCL2 and/or BCL6 rearrangements (clinical stage:
IVAX, International prognostic index: high risk).

Because HGBL with MYC and BCL2 and/or BCL6 rear-
rangements has been reported to show significantly more
central nervous system infiltration than DLBCL without
MYC rearrangement (19), we started rituximab, cyclophos-
phamide, doxorubicin, vincristine, and methotrexate/ifosfa-
mide, etoposide, and high-dose cytarabine (R-CODOX-M/
IVAC) as the first-line therapy on the 12th hospital day. CR
was confirmed by CT and a bone marrow biopsy at the end
of one cycle of R-CODOX-M/IVAC. In order to perform
PBSCT after 2 cycles of R-IVAC, we started granulocyte-
colony-stimulating factor (G-CSF; 600 pg/day) for 4 days
starting on the 116th hospital day (at the end of the second
cycle of R-IVAC) and performed PBSCH. We collected a to-

Figure 1.
CT showed (A) the presence of a bulky mass in the pelvic cavity (maximum diameter 16 cm) and (B)
bilateral hydronephrosis due to tumor growth.

Systemic computed tomography (CT) images at the first day of hospitalization. Systemic
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Figure 2. The results of a fluorescence in situ hybridization analysis. A bone marrow examination
showed infiltration of lymphoma cells. A fluorescence in situ hybridization (FISH) analysis [(A) 5°/3’
MYC probe split signal, (B) 5°/3° BCL2 probe split signal, and (C) 5°/3° BCL6 probe split signal] re-

vealed MYC, BCL2, and BCL6 rearrangements.

Figure 3. Computed tomography (CT) images and skin images at recurrence after rituximab, cy-

clophosphamide, doxorubicin, vincristine, and methotrexate/ifosfamide, etoposide, and high-dose cy-
tarabine (R-CODOX-M/IVAC) therapy and at remission after gemcitabine, dexamethasone, and
cisplatin (GDP) therapy. (A) Multiple skin lesions appeared after R-CODOX-M/IVAC therapy. (B) A
complete response was confirmed by CT after two cycles of GDP therapy.

tal of 0.59x10° CD34-positive cells/kg (Table 2).

On the 124th hospital day, left femoral skin lesions ap-
peared (Fig. 3A). A skin biopsy confirmed relapse of HGBL
with MYC and BCL2 and/or BCL6 rearrangements (Fig. 4).
The lesions were negative for CD20 and BCL6 (Table 1).
On the 128th hospital day, EPOCH therapy was started as a
salvage chemotherapy. At the end of one cycle of EPOCH
(starting dose level), the diameter of the skin lesions had in-
creased. The treatment effect was judged to be progressive
disease. EPOCH therapy was discontinued because of grade
3 peripheral neuropathy due to vincristine.

From the 147th hospital day, we started GDP therapy as a
second salvage regimen. CR was confirmed by CT and a
bone marrow biopsy at the end of two cycles of GDP
(Fig. 3B). From the 208th hospital day (3 cycles of GDP at
day 20), we started G-CSF (600 pg/day) for 5 days and per-
formed PBSCH on the 4th and 5th days. A total of 0.65x10°

CD34-positive cells/kg were obtained (Table 2). We also
confirmed CR by CT and a bone marrow biopsy immedi-
ately prior to PBSCH. Because the patient was a poor mobi-
lizer, we started G-CSF (600 ng/day) for 7 days and per-
formed PBSCH on the 5th, 6th, and 7th days, in combina-
tion with plerixafor. A total of 3.23x10° CD34-positive cells/
kg were obtained (Table 2). Subsequently, we performed au-
tologous PBSCT with carboplatin, etoposide, and cyclophos-
phamide. For autologous PBSCT, we used only the third
harvest. Although we investigated the presence of immuno-
globulin heavy chain rearrangement by polymerase chain re-
action in the graft cells, we could not prove monoclonality.
On the 282nd hospitalization day, we performed autologous
PBSCT with ranimustine, carboplatin, etoposide, and cyclo-
phosphamide therapy and confirmed engraftment on the
296th day. However, CT on the 320th day revealed recur-
rence of a mass in the right femoral region.
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Figure 4. Pathological image of a skin biopsy at the recurrence after R-CODOX-M/IVAC therapy.
The proliferation of lymphoma cells was diffusely observed in the skin tissue. According to the im-
munohistochemistry, lymphoma cells were negative for CD3, CD20, BCL6, and MUM-1 and positive
for CD79a, CD10, BCL2, and MYC. The Ki67-positive rate was approximately 99 %.

Table 2. CD34-positive Cells in Peripheral Blood Stem Cell Harvests.

Harvest number Harvest regimen

Total mononuclear cells (/kg)

Total CD34-positive cells (/kg)

1 R-CODOX-M/IVAC+G-CSF
2 GDP+G-CSF
3 G-CSF+Plerixafor

12.0x108 0.59x10°
6.9x108 0.65x10°
26.3x108 3.23x10°

R-CODOX-M/IVAC: rituximab, cyclophosphamide, doxorubicin, vincristine, methotrexate/ifosfamide, etoposide, high-dose cytara-

bine, G-CSF: granulocyte-colony-stimulating factor, GDP: gemcitabine, dexamethasone, cisplatin

Although radiation therapy and dexamethasone, etoposide,
ifosfamide, and carboplatin were administered, she ulti-
mately died from progressive disease on the 366th day.

Discussion

In the present case, we achieved CR by GDP as a salvage
chemotherapy for HGBL with MYC and BCL2 and/or BCL6
rearrangements (triple-hit lymphoma) and performed autolo-
gous PBSCT.

Autologous PBSCT followed by intensive chemotherapy
is often needed to cure HGBL with MYC and BCL2 and/or
BCL6 rearrangements, as these tumors are frequently
chemotherapy-resistant (20). Although there is no salvage
regimen established for relapsed/refractory HGBL with MYC
and BCL2 and/or BCL6 rearrangements, (R)-CODOX-M/
IVAC; DA-EPOCH-(R); and cyclophosphamide, doxorubi-
cin, vincristine, dexamethasone, methotrexate, and cyta-
rabine have been reported as effective salvage regi-
mens (21, 22). However, there is no prospective cohort
study examining these treatments in a large number of pa-
tients. In the future, an effective salvage regimen that serves
as a bridge to autologous PBSCT and can be safely admin-

istered is needed to improve the overall survival.

We selected GDP for our patient for several reasons. First,
GDP has been reported to be an effective salvage regimen
for relapsed/refractory DLBCL (23). GDP was found to be
effective even in cases showing resistance to various salvage
treatments. Second, GDP has been reported to have rela-
tively few side effects and be well tolerated (23-25). In the
present case, three courses of GDP therapy were performed.
Although the patient suffered side effects, including grade 3
neutropenia, grade 3 anemia, and grade 3 thrombocytopenia,
no nonhematologic toxicity was observed. Third, the GDP
regimen has been reported to obtain more CD34-positive
cells for autologous PBSCT than other regimens (18). For
these reasons, GDP therapy is considered to be effective for
double/triple-hit lymphoma; therefore, we chose the GDP
regimen because neither gemcitabine nor platinum-based
therapies had been previously administered in our patient.
Although we were unable to collect enough cells for PBSCT
with G-CSF alone after GDP therapy, a sufficient amount of
CD34-positive cells were able to be collected by combina-
tion of plerixafor and G-CSF. In this case, EPOCH therapy
was started after R-CODOX-M/IVAC; however, autologous
PBSCT following several cycles of GDP therapy might be
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effective as the treatment of choice for salvage therapy.

In our case, the expression of BCL6 and CD20 were de-
creased in the tumor at the time of recurrence, as shown in
Table 1. The decrease in the BCL6 expression at the time of
recurrence might suggest the presence of genetic abnormali-
ties in the promoter region. However, there are no reports on
the BCL6 expression at the time of recurrence of triple-hit
lymphoma. The reduction in the CD20 expression in re-
lapsed DLBCL has been reported to be caused by rituxi-
mab (26). Since a decrease in the CD20 expression suggests
that rituximab is ineffective, such cases are expected to
show a poor prognosis. However, the genetic background of
the CD20 expression reduction is also unknown. Differences
in the protein expression in lesions at the first diagnosis and
recurrence have not been well studied in a large cohort. In-
vestigating such differences in the future may be very im-
portant for treating relapsed and/or refractory cases.

There are no previous reports showing that GDP therapy
is an effective salvage chemotherapy for HGBL with MYC
and BCL2 and/or BCL6 rearrangements. However, the pre-
sent case demonstrated the effectiveness of this therapy for
achieving CR. Further studies and more cases will be
needed to verify the efficacy and safety of GDP for HGBL
with MYC and BCL2 and/or BCL6 rearrangements.
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