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CASE REPORT
The patient was a 79-year-old Japanese female.   She 

developed multiple areas of swelling in the right axilla and 
bilateral neck lymph nodes (LNs), in addition to loss of appe-
tite and night sweats.   She was diagnosed with peripheral 
T-cell lymphoma, not otherwise specified (PTCL, NOS) with 
Ann Arbor clinical stage of IIIB, International Prognostic 
Score (IPI) of high intermediate (HI) and prognostic index 
for PTCL-U (PIT) score of 2.   Six cycles of CHOP (cyclo-
phosphamide, doxorubicin, vincristine and prednisolone) 
were administered and complete remission (CR) was con-
firmed by F18-fluorodeoxyglucose-positron emission tomog-
raphy/computed tomography (FDG-PET/CT).   After 8 years 
of remission, she presented with multiple swollen superficial 
LNs.   Left cervical LN biopsy yielded the diagnosis of nodal 
peripheral T-cell lymphoma with follicular helper T-cell phe-
notype (nodal PTCL with TFH phenotype) (Figure 1).   On 
immunohistochemistry, the lymphoma cells were positive for 
CD2, CD3, CD4, CD5, CD7, CD10, PD1 and CCR4, and 
negative for CD8, CD20 and TIA1.   There was no evidence 
of bone marrow or CNS invasion.   She was administered 6 
cycles of CVP (cyclophosphamide, vincristine and predniso-
lone), resulting in CR, but she presented again with multiple 
superficially swollen LNs 7 months after the first relapse.   
Lymph node biopsy yielded the diagnosis of relapsed nodal 
PTCL with TFH phenotype and mogamulizumab (1 mg/kg) 
was started.   The LNs transiently decreased in size but 
became swollen again just prior to completion of the first 
cycle.   Therefore, she was started on pralatrexate (PDX) at 
30 mg/m2.   As reduction of the swollen LNs was evident 
during the initial cycle of the new regimen, PDX was contin-
ued for a second cycle.   However, the LNs started to 
increase in size again and only a reduction in the size of the 
swollen axillary LNs was evident.   The regimen was 
switched to forodesine at 600 mg/day, which exacerbated the 
disease.   As the efficacy of PDX was maintained for some 
lesions (e.g., swollen axillary LNs), forodesine was switched 
again to PDX at 30 mg/m2.   The LNs rapidly decreased in 
size in response to PDX.   As she developed severe stomatitis 

(grade 4 according to CTCAE version 4.0) after the second 
dose, PDX was discontinued.   She died of concurrent pneu-
monia 18 months after the first relapse.   No swollen LNs 
were found on postmortem examination; PDX response was 
rated as CR.

PTCL is an aggressive, heterogeneous disease that 
includes many subtypes of mature T-and natural killer-cell 
neoplasms, and accounts for 5-10% of all non-Hodgkin lym-
phomas in North America and Europe.1   The disease often 
accounts for a higher percentage of cases, i.e., approximately 
20% in Asia, including Japan.2   No standard treatment has 
been established.   CHOP or CHOP-like regimens are often 
selected for initial treatment.3   The CR rate ranges from 50% 
to 70%, but relapse is not infrequent and the long-term prog-
nosis is unfavorable.1   The median survival time after relapse 
is poor, i.e., only 5.5 to 6 months;4 therefore, countermea-
sures to treat relapse are urgently needed.   Chihara and col-
leagues reported that the long-term prognosis improves after 
hematopoietic stem cell transplantation (SCT) in post-relapse 
PTCL.5   The 5-year survival rate was 32% in patients with 
autologous SCT, 52% with allogeneic SCT and 10% without 
SCT.   New drugs have become available in recent years for 
the treatment of recurrent PTCL.   They include pralatrexate,6 
forodesine,7 romidepsin,8 mogamulizumab9 and brentux-
imab.10   Regarding the effects of these drugs, the overall 
response rate (ORR) of 0 to 54%,6-10 median response dura-
tion of 3 to 28 months and median survival time of 6 to 14.5 
months are unsatisfactory.   The only method to obtain a 
long-term sustained response was considered to be the suc-
cessive use of these new drugs in clinical  practice.   
However, there is no evidence regarding proper use of these 
new drug regimens.   It also remains unclear how the thera-
peutic response and pharmacological effects vary with the 
sequence of use of new drug regimens.   In this case, re-insti-
tuted PDX was effective, although the underlying reason 
remains unclear.   The possibility that forodesine affected on 
the pharmacological effects of PDX cannot be excluded 
because the response to the re-instituted PDX occurred after 
forodesine.   As for adverse events, stomatitis, which did not 
develop during the initial therapy with PDX, developed in a 

Relapsed refractory nodal peripheral T-cell lymphoma with 
follicular helper T-cell phenotype was initially resistant to 
pralatrexate and confirmed to be unresponsive to 
subsequent forodesine, but responded to re-instituted 
pralatrexate
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Fig. 1.  Lymph node in the first relapse (× 400)
Sheet-like growth of medium-to-large atypical cells with irregular nuclear shapes was observed (a, HE). On immunohistochemistry, the lym-
phoma cells were CD3-positive (b), CD4-positive (c), CD10-focally positive (d), CD20-negative (e), PD1-focally positive (i), EBER-negative 
(j), BCL6-positive (k) and CXCL13-positive (l). Proliferation of follicular dendritic cells (FDC) was noted on immunohistochemistry with 
CD21 (f). Hodgkin-Reed Sternberg-like B-cells were positive for CD30 (g) and PAX-5 (h).

severe form following re-institution of PDX.   Furthermore, it 
was thought to be important to prevent the development of 
infections due to neutropenia and lymphopenia.   In an in 
vitro study reported by Oiwa et al., a PTCL cell line that had 
become resistant to PDX after exposure to PDX exhibited 
increased susceptibility to forodesine, although the underly-
ing reason remained unclear.11   However, exposure to the 
drugs was in the reverse sequence in the present case.   Thus, 
the possibility that PDX and forodesine affect the pharmaco-
logical effects of each other cannot be excluded.
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EXPERT’S COMMENT
Treatment options for peripheral T-cell lymphomas 

(PTCLs) have increased with the emergence of several new 
drugs in recent years; however, none have been established 
as a standard treatment based on randomized clinical trials.   
In the current case report, re-challenge with pralatrexate 
(10-propargyl-10-deazaaminopterin; PDX) after forodesine 
failure induced a response in a patient with relapsed PTCL-
not otherwise specified.   The mechanism of this phenome-
non remains unclear; however, I would like to propose a pos-
sible mechanism based on: i) the theoretical principles of 
cancer growth models, ii) the mechanism of action of each 
drug and iii) the drug concentration in the blood.

Alternating therapy is a reasonable treatment strategy 
based on the Goldie–Coldman hypothesis.1   According to 
this hypothesis, the probability that cancer contains drug-
resistant clones depends on the mutation rate and size of the 
tumor.   Combination chemotherapy is the best strategy to 
overcome resistance, as it enables the administration of many 
drugs at an early stage.   Although combination drug treat-
ments can be intolerable due to toxicity, alternating therapy 
enables the administration of multiple non-cross-resistant 
drugs with tolerable toxicity.   In this case, a reduction in the 
tumor was observed after PDX rechallenge following the 
failure of forodesine treatment.   Forodesine may have some 
effect on PDX-sensitive clones.

PDX is a novel antifolate that was designed specifically 
to have a high affinity for the reduced folate carrier, which 
efficiently internalizes natural folates and antifolates, and has 
been demonstrated to be highly active in T-cell lymphoma.2   
In contrast, forodesine is a novel purine nucleoside phosphor-
ylase (PNP) inhibitor.   Preclinical studies revealed that PNP 
deficiency increases the dGuo concentrations in plasma and 
T-cells.3   An increased concentration of dGuo results in the 
accumulation of deoxyguanosine triphosphate.   This in turn 
causes an imbalance in the deoxynucleotide pool, which 
reduces ribonucleotide reductase activity, leading to T-cell 
apoptosis.   This imbalance may increase the anti-tumor 
activity of PDX.

In the current case, rechallenge with PDX induced both a 
strong adverse event and an anti-tumor response.   This sug-
gests that the blood PDX concentration was high, leading to 

both desirable and undesirable effects.   Although the blood 
concentration of PTX was not measured, forodesine may 
have affected its concentration.   Dose-adjusted (DA)-
EPOCH (etoposide, prednisone, vincristine, cyclophospha-
mide and doxorubicin) therapy resulted in relatively higher 
response and survival rates (response rate, 78%; 2-year pro-
gression-free survival rate, 62.5%; and 2-year overall sur-
vival rate, 82.4%) in untreated patients with PTCL than a 
CHOP (cyclophosphamide, prednisone, vincristine and 
hydroxyl doxorubicin) regimen.4   DA-EPOCH has been used 
in dose-adjustment strategies based on the hematopoietic 
nadir, where pharmacokinetic analyses of etoposide and 
doxorubicin revealed significant interpatient variation in 
steady-state plasma concentrations.   This strategy is reason-
able when there is a sufficient blood concentration.

It will be necessary to develop a regimen with acceptable 
toxicity based on simultaneous or sequential use of drugs 
with different non-cross-resistance or different mechanisms 
of action to achieve stronger antitumor effects.   The results 
of further clinical trials are keenly awaited.
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