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Abstract:

Objective We retrospectively compared the clinical efficacy and toxicity of rituximab (R)-THP-COP (pira-
rubicin, cyclophosphamide, vincristine, and prednisolone) with that of R-CHOP (rituximab, adriamicin, cyclo-
phosphamide, vincristine, and prednisolone) in previously untreated old patients with diffuse large B-cell
lymphoma (DLBCL).

Patients and Methods Patients admitted to our institution between 2004 and 2013 were examined. The pa-
tients received either R(375 mg/m’, day 1)-THP-COP (pirarubicin 50 mg/m* day 1, cyclophosphamide 750
mg/m’ day 1, vincristine 1.4 mg/m’® day 1, and prednisolone 100 mg day 1-5) or R-CHOP (adriamicin 50
mg/m’ day 1, cyclophosphamide 750 mg/m’ day 1, vincristine 1.4 mg/m’ day 1, and prednisolone 100 mg
day 1-5). The doses of chemotherapeutic agents were adjusted depending on the patient’s age and associated
complications. The treatment was performed for 6 to 8 cycles.

Results Among 74 patients with DLBCL (median 76, range 65-90 years; male 39, female 35), 29 received
R-THP-COP, while 45 received R-CHOP. The overall response rates were 94.6% (complete response 86.4%,
partial response 8.1%). The 2-year overall and progression-free survival rates were 77.6% and 68.5% for the
R-THP-COP regimen and 79.2% and 78.9% for R-CHOP, respectively. No significant differences were found
between these two regimens regarding the clinical efficacies. The most frequent adverse event was neutro-
penia (72.4% for the R-THP-COP regimen, 88.9% for the R-CHOP regimen). The cardiac function as evalu-
ated by ejection fraction values was not impaired in either regimen.

Conclusion R-THP-COP was effective and safe as an alternative to R-CHOP.
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and prednisolone (R-CHOP). The R-CHOP regimen pro-

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most
common form of non-Hodgkin’s lymphoma (NHL) and ac-
counts for one-third of newly diagnosed lymphoma
cases (1). The standard chemotherapy regimen is rituximab
combined with adriamicin, cyclophosphamide, vincristine,

vides initial response rates of 70-80% with a 3-year overall
survival of nearly 60% (2-5). However, the efficacy worsens
in elderly patients (6, 7). The difficulty in treating elderly
Ilymphoma patients is mainly attributable to the high inci-
dence of adverse events and high mortality rates associated
with the administration of chemotherapeutic agents (7, 8).
Tetrahydropyranyladriamycin (pirarubicin, THP) was iden-
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tified while searching for new anthracycline antibiotics
among 4’-O-substituted compounds having fewer toxicities
than other anthracycline anticancer drugs in 1979 (9). THP
has been proven to have less cardiac toxicity than adriami-
cin (9-12). Accordingly, elderly patients with NHL have
been treated with a combination of THP, cyclophosphamide,
vincristine, and prednisolone (THP-COP) (13-16). Tsurumi
et al. compared biweekly CHOP versus THP-COP regimens
in a prospective, randomized phase II study for patients
younger than 70 years with previously untreated aggressive
NHL (15). The complete remission (CR) rate was 72.5% for
CHOP and 72.5% for THP-COP, and the 5-year overall sur-
vival rate was 43.7% for CHOP and 54.0% for THP-COP.
Tsurumi et al. also conducted a phase II study of THP-COP
therapy for elderly DLBCL patients aged 70 years or older.
They observed a CR rate of 72.1% and a 5-year survival
rate of 38.1% without any therapy-related deaths (17). The
therapeutic effectiveness was thus shown to be similar be-
tween the THP-COP and CHOP regimens before the clinical
introduction of rituximab (R).

The present study retrospectively compared the clinical
efficacy and adverse effects of R-THP-COP with those of R-
CHOP in previously untreated old patients with DLBCL in
our institution.

Patients and Methods

Patients

The present study was approved by the ethics committee
of the University of Fukui (Fukui, Japan, No. 20150142).
Patients >65 years of age who had been admitted to the
University of Fukui Hospital (Fukui, Japan) between 2004
and 2013 were included in the study. All patients had been
newly diagnosed with DLBCL. The diagnosis was based on
the pathological findings of biopsy specimens and radio-
graphic determination using computed tomography (CT) and
positron emission tomography (18). The Ebstein-Bar virus
status and cancer cell origin were not evaluated in detail.
The ejection fraction was calculated via echocardiogram in
patients before the initiation of chemotherapy and after the
completion of treatment.

Treatment

All patients received 6-8 cycles every 21 days of either R-
CHOP (375 mg/m’ rituximab on day 1, 50 mg/m’ doxorubi-
cin on day 1, 750 mg/m’ cyclophosphamide on day 1, 1.4
mg/m’ vincristine on day 1, and 100 mg prednisolone on
days 1-5) or R-THP-COP (375 mg/m’ rituximab on day 1,
50 mg/m® THP on day 1, 750 mg/m’ cyclophosphamide on
day 1, 1.4 mg/m’ vincristine on day 1, and 100 mg predni-
solone on days 1-5). The doses of chemotherapeutic agents
were adjusted depending on the patient’s age and associated
complications. A 5-HT; receptor antagonist was used for
prevention of nausea and vomiting. Granulocyte colony-
stimulating factor was administered subcutaneously if the

peripheral neutrophil count was <500/uL. The exclusion cri-
teria for this treatment were performance status 4 not related
to the disease progression, uncontrollable severe infection,
or severe dementia.

End points

The primary end point was the response rate after chemo-
therapy. The secondary endpoints were the two-year overall
survival (OS), two-year progression-free survival (PFS),
and adverse events. The patient’s response to treatment
and the incidence of relapse were defined according to the
International Workshop criteria for non-Hodgkin’s lym-
phoma (19, 20). Adverse events were graded according to
the National Cancer Institute Common Toxicity Criteria ver.
4.0. Following the completion of chemotherapy and the con-
firmation of the achievement of CR, the patients returned
periodically for physical examinations, blood tests, and CT
to monitor their disease status.

Statistical analyses

The OS was calculated from the date of the diagnosis un-
til mortality due to any cause or the last follow-up. The PFS
was calculated from the date of the diagnosis to disease pro-
gression or death. The OS time and the PFS time were esti-
mated by the Kaplan-Meier method, and the differences
were compared using a log-rank test. Graph generation and
statistical analyses were performed using the Microsoft Ex-
cel 2013 (Microsoft, Redmond, USA) and GraphPad Prism
(version 6.0; GraphPad Software, San Diego, USA) software
programs. Values of p<0.05 were considered statistically sig-
nificant.

Results

Patient characteristics

Ninety-eight elderly patients with DLBCL were admitted
to our institution between 2004 and 2013. Among them, 74
patients (75.5%) with DLBCL (39 men, 35 women; median
age 76 years, range 65-90 years) were conventionally treated
(Table 1). Twenty-nine patients received R-THP-COP, while
45 received R-CHOP. Old patients often have comorbid dis-
orders, including cardiac dysfunction; as such, THP is pref-
erentially selected for these patients, because THP has less
cardiotoxicity than adriamicin. The comorbidities observed
in the patients are shown in Table 2. Cardiac dysfunction
appeared to be more prevalent in the patients receiving R-
THP-COP than in those receiving R-CHOP.

The performance status (PS) grade was compared be-
tween the two regimens. The mean PS value (1.5) in the pa-
tients treated with R-THP-COP appeared to be higher than
that (1.1) in those treated with R-CHOP (p=0.31, unpaired t
test) (Fig. 1A). The ages and Charlson Comorbidity Index
values were also compared between the two regimen groups
(Fig. 1B, C). The R-THP-COP regimen was used for older
patients than the R-CHOP regimen (p=0.01, unpaired t test),
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Table 1. Patient Characteristics.

No. of patients (%)

Total R-THP-COP  R-CHOP

Number 74 (100) 29 (39.9) 45 (60.1)
Sex

Male 32 (43.2) 13 (44.8) 19 (42.2)

Female 42 (56.7) 16 (55.2) 26 (57.8)
Age

Median 75 77 74

Range 65-90 68-88 65-90
PS

0,1 39 (52.7) 14 (48.3) 25 (55.6)

2,3,4 22 (29.8) 10 (34.5) 12 (26.7)

NA 13 (17.5) 5(17.2) 8(17.8)
Clinical stage

/I 35 (47.3) 12 (41.4) 23 (51)

/v 39 (52.7) 17 (58.6) 22 (49)
IPI

Low/Low-Int 25(33.8) 7(24.1) 18 (40)

High-Int/High 38 (51.3) 18 (62.1) 20 (44.4)

NA 11 (14.9) 4 (13.8) 7 (15.6)
sIL2R

<2,000 41 (55.4) 15 (51.7) 26 (56.5)

22,000 33 (44.6) 14 (48.3) 19 (42.2)

NA: not assessed, PS: performance stage, IPI: international prognostic
index, sIL2R: soluble interleukin 2 receptor

although the Charlson Comorbidity Index values were com-
parable between the two regimens (p=0.48, unpaired t test).
The median number of administration cycles was six for
both regimens. The mean relative dose intensity (RDI) val-
ues were comparable between the R-THP-COP regimen
(70.8%) and R-CHOP regimen (74.8%) (p=0.50, unpaired t
test) (Fig. 2).

Response to therapy

The overall response rates were 94.6%, with a CR rate of
86.4% and a partial response (PR) rate of 8.1%. The CR/PR
rates were 79.3%/13.8% for the R-THP-COP regimen, and
91.1%/4.4% for R-CHOP regimen. No significant difference
in the overall response rates was found between the two
regimens (p=0.64, chi-squared test).

Survival

The median follow-up time was 38.5 months. The 2-year
OS rates were 77.6% in the R-THP-COP regimen group and
79.2% in the R-CHOP regimen group (Fig. 3A). The 2-year
PFS rates were 68.5% in the R-THP-COP regimen group
and 78.9% in the R-CHOP regimen group (Fig. 3B). No
significant differences were found in either the OS (p=
0.629) or PFS (p=0.433) between the two regimen groups.
Of note, the OS was evaluated according to the RDI of the
chemotherapy. The survival of the patients treated with R-
CHOP or R-THP-COP with an RDI>70% (2-year OS
87.0%) was significantly better than that with an RDI<70%
(2-year OS 58.2%) (p=0.027) (Fig. 4A). Furthermore, the 2-

Table 2. Comorbidities in the Patients Receiving R-
CHOP and R-THP-COP.

R-CHOP R-THP-COP
Number

Moderate or severe liver disease
Cardiac dysfunction/arrhythmia
Dementia

S = O N

Cerebral infarction
Hypertension 19
Diabetes mellitus
Parkinson’s syndrome
Deep venous thrombosis
Rheumatoid arthritis

—_— =N R WD WO

w O O W

year OS (93.3%) of the patients treated with R-THP-COP
with an RDI>70% was better than that (43.8%) with an RDI
<70% (p<0.01) (Fig. 4B). This suggested the importance of
maintaining the RDI, even in old patients with DLBCL. A
univariate analysis demonstrated that the PS, clinical stage,
IPI, LDH, and soluble interleukin 2 receptor level were
prognostic factors for the OS. In a multivariate analysis of
these factors, only PS remained an independent prognostic
factor for the OS (hazard ratio 3.9, 95% confidence interval
1.4-10.8, p<0.001).

Toxicity

The most frequent adverse event was neutropenia (72.4%
for R-THP-COP, 88.9% for R-CHOP, p=0.07, chi-squared
test) (Table 3). Febrile neutropenia occurred in 31.0% of pa-
tients receiving the R-THP-COP regimen and 44.4% of
those receiving the R-CHOP regimen. There were no signifi-
cant differences in the frequency of adverse events between
the two regimens. G-CSF was administered to 16 of 29 pa-
tients (55.2%) receiving the R-THP-COP regimen and 32 of
45 patients (71.1%) receiving the R-CHOP regimen (p=0.16,
chi-squared test). However, the mean neutropenia grade was
higher for the R-CHOP regimen (3.6) than for the R-THP-
COP regimen (3.3) (p=0.08, unpaired t test) (Fig. 5). No
treatment-related deaths occurred with either regimen.

Cardiac function

The cardiac function was evaluated by the ejection frac-
tion values. The ejection fraction values at baseline did not
differ markedly between the R-THP-COP group (70.5%)
and the R-CHOP group (70.1%) (p=0.86, unpaired t test)
(Fig. 6A). Furthermore, the values remained unchanged after
the completion of chemotherapy in both groups (p=0.78 for
R-THP-COP, p=0.50 for R-CHOP, paired t tests) (Fig. 6B).
Three patients in the R-THP-COP group and 9 patients in
the R-CHOP group showed an early filling-atrial filling ratio
(E/A)<1 as measured by echocardiogram, which was used as
a criterion of left ventricular diastolic dysfunction.
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Figure 2. The relative dose intensity of each regimen.

Discussion

The present study retrospectively analyzed the clinical ef-
ficacy and tolerability of the R-THP-COP regimen in elderly
patients with DLBCL at our institution. The results were
compared with those of the R-CHOP regimen. We found
that the R-THP-COP tended to be selected for older patients
with worse PS and more comorbidities (Tables 1 and 2,
Fig. 1A). The R-CHOP regimen appeared to provide a
higher CR rate but with more severe neutropenia than the R-
THP-COP regimen. However, the relative dose intensity val-
ues were roughly equivalent, and the number of treatment
cycles was comparable between the two regimens (Table 1,
Fig. 2). Accordingly, R-THP-COP provided a remission rate
and 2-year OS and PFS equal to those achieved with R-
CHOP (Fig. 3). Furthermore, the maintenance of the RDI
was closely associated with the OS (Fig. 4). The substitution
of THP for adriamicin did not increase the severity of any
adverse events, including bone marrow suppression (Table 3,
Fig. 5) and cardiac dysfunction (Fig. 6).

Chemotherapy using anticancer agents at strictly desig-
nated doses has resulted in a good response rate but in-
creased rates of early death in elderly patients with lym-
phoma (6, 21). Although anthracycline is one of the most

R-CHOP

R-THP-COP

R-THP-COP

R-CHO P

The mean values of the performance status (A), age (B), and Charlson Comorbidity Index

potent anticancer agents for NHL, its use is limited because
of the risk of cardiotoxicity, especially in elderly patients.
THP is a derivative of adriamycin designed from the struc-
ture of baumycins (9). It has shown stronger effects than
adriamycin in inhibiting many mouse tumors, such as L1210
and P388 leukemia, B16 melanoma, and colon 38 adenocar-
cinoma (22, 23). Furthermore, THP was found to have lower
cardiac and skin toxicity in hamsters than either adriamicin
or aclacinomycin. THP has therefore been investigated for
its clinical efficacy in elderly patients with NHL.

Several studies reported the clinical efficacy of THP in
comparison with adriamicin for the treatment of NHL, in-
cluding DLBCL (13, 16, 17, 25). Mori et al. compared the
therapeutic outcomes among THP-COP, CHOP, and THP-
COP plus etoposide in elderly patients (16). The subjects
were 486 previously untreated patients =65 years of age
with NHL. The response and eight-year survival rates were
assessed. The remission rates for the THP-COP, CHOP, and
THP-COPE groups were 45.3%, 44.9%, and 48.0%, respec-
tively, for aggressive lymphoma. There was no marked dif-
ference in the OS or PFS among these three groups. Be-
cause adverse cardiac events were reported only in CHOP,
the cardiotoxicity might have been low in the THP group. In
that study, the doses of anticancer agents (THP 30 mg/m’,
cyclophosphamide 500 mg/m’, vincristine 1 mg/m’, predni-
solone 30 mg/body) in the THP-COP regimen were lower
than those used at our institution. The low administered
doses and the absence of rituximab may therefore have con-
tributed to the low CR rate in their study.

Kasahara et al. conducted a phase II study of the R-THP-
COP regimen for treating elderly patients with DLBCL (26).
The subjects were 52 patients between 70 and 80 years of
age with newly diagnosed DLBCL. They reported that the
CR and the 3-year overall survival rates were 63% and 53%,
respectively, and no deaths related to the regimen occurred.
Hara et al. conducted a phase II study to determine the ef-
fectiveness of the R-THP-COP regimen for patients (18-70
years) with DLBCL (27). The R-THP-COP regimen com-
prised 375 mg/m’ rituximab on day 1, 750 mg/m’ cyclo-
phosphamide on day 3, 50 mg/m* THP on day 3, 1.4 mg/m’
vincristine on day 3, and 100 mg prednisolone on days 3-7.
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Figure 3. The overall survival (OS) was calculated from the day of the diagnosis until death or last
follow-up. The progression-free survival (PFS) was calculated from the day of the diagnosis until the
disease progression or death. The survival durations were estimated by the Kaplan-Meier method.
(A) The OS curve. (B) The PFS curve.
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Figure 4. The overall survival (OS) was calculated from the day of the diagnosis until death or last
follow-up. The survival durations were estimated by the Kaplan-Meier method. (A) RDI270%, the
patients who received R-CHOP or R-THP-COP with RDI>70%; RDI<70%, the patients who re-
ceived R-CHOP or R-THP-COP with RDI<70%. (B) RDI>70%, the patients who received R-THP-
COP with RDI270%; RDI<70%, the patients who received R-THP-COP with RDI<70%.

Table 3. Adverse Events. .
R-THP-COP R-CHOP o
Number (%) °
® o
Febrile neutropenia 9 (31.0) 20 (44.4) 10
Neutropenia (Grade 3 or 4) 21 (72.4) 40 (88.9) :
Anemia (Grade 3 or 4) 4 (13.8) 10 (22.2) ‘c o=
Thrombocytopenia (Grade 3 or 4) 3(10.3) 4(8.9) 2
Neuropathy (Grade 3 or 4) 0 244 g
= 1 =
(0]
z

Six to eight courses of the regimen were administered every
two weeks. The CR rate was 92%, and the 3-year OS rate
was 83%, and the 3-year PFS rate was 74%. No deaths as-  Figure 5. The mean neutropenia grades for the R-THP-COP
sociated with the treatment regimen occurred. Thus, the pre- and R-CHOP regimens.

R-THP-COP R-CHOP
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Figure 6. The ejection fraction values determined in patients before the initiation of chemotherapy

and after the completion of treatment. (A) The ejection fraction values at baseline in 14 patients
treated with R-THP-COP and 23 patients treated with R-CHOP. (B) The ejection fraction values

(median, range) at baseline and after treatment.

sent study showed that the clinical efficacy of the R-THP-
COP regimen for elderly patients with DLBCL was equal to
or greater than the efficacies reported in the previous stud-
ies.

With regard to adverse events, Mori et al. reported that no
patients died from adverse events due to chemotherapy (16).
A decrease in the ejection fraction to less than 40% was re-
ported in 5% of patients who received R-CHOP, but not in
the patients, who received R-THP-COP. In the present study,
there were no significant difference in the frequency of ad-
verse events between the R-THP-COP and R-CHOP regi-
mens. However, neutropenia tended to be more severe in the
patients receiving the R-CHOP regimen than in those receiv-
ing the R-THP-COP regimen. No specific reason for this
difference was found. The ejection fraction did not decrease
after chemotherapy with either regimen, although not all pa-
tients were evaluated. The ejection fraction is not a suffi-
cient parameter to fully evaluate the cardiac function in pa-
tients treated with anthracyclines. Several studies have sug-
gested more severe cardiotoxicity in patients treated with
adriacimin than in those treated with THP (13, 15, 16, 27).
These results therefore suggest an advantage when using R-
THP-COP for elderly patients.

Regarding factors that predict the survival, Tsurumi et al.
reported the comparison of CHOP and THP-COP regimens
in the treatment of newly diagnosed aggressive NHL (15). A
univariate analysis demonstrated that the PS, clinical stage,
LDH, soluble interleukin 2 receptor level, C reactive protein
level, and the extent of extranodal involvement were prog-
nostic factors for the OS. In a multivariate analysis, only the
PS remained an independent prognostic factor for the OS
(p<0.01, risk ratio 3.3, 95% confidence interval 1.56-6.81).
Mori et al. showed that the clinical stage, sex, and IPI were
associated with a reduced likelihood of CR (16). The predic-
tive factors for the OS were sex, age, PS, stage, Working
Formulation category, LDH, serum albumin level, and IPI. A

multivariate analysis showed that a poor PS (PS>2), pa-
tients’ age, and clinical stages III and IV were the factors
that contributed most to a poor prognosis. The present study
extracted PS as the single independent prognostic factor for
the OS in our multivariate analysis, which was in accor-
dance with the results reported in these previous studies.

Zhai et al. found that the long-term outcomes of aggres-
sive NHL patients receiving the THP-COP regimen were
similar to those of patients receiving the CHOP regi-
men (28). Furthermore, the THP-COP regimen has been re-
cently shown to be effective for treating not only patients
with DLBCL but also those with peripheral T-cell lym-
phoma (29).

Hirakawa et al. demonstrated the importance of maintain-
ing the RDI of CHOP-like regimens combined with rituxi-
mab in DLBCL patients (30). However, they found that
maintaining the RDI was difficult in the patients treated
with R-THP-COP, because it tended to be used to treat older
patients (age over 70 years). Nevertheless, the RDI was
maintained equally well in both regimen groups in the pre-
sent study (31).

The present study found that the R-THP-COP regimen
provided clinical efficacy equivalent to that of R-CHOP,
with ostensibly less-severe toxicities than R-CHOP. In con-
clusion, the switching of adriamicin to THP may effectively
and safely maintain the RDI, thereby improving the clinical
efficacy, even in old patients with DLBCL.

The authors state that they have no Conflict of Interest (COI).

References

1. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD,
Linet MS. Lymphoma incidence patterns by WHO subtype in the
United States, 1992-2001. Blood 107: 265-276, 2006.

2. Coiffier B, Lepage E, Briere J, et al. CHOP chemotherapy plus ri-

2412



Intern Med 56: 2407-2413, 2017 DOI: 10.2169/internalmedicine.8291-16

10.

11.

12.

13.

14.

15.

16.

17.

tuximab compared with CHOP alone in elderly patients with dif-
fuse large-B-cell lymphoma. N Engl J] Med 346: 235-242, 2002.

. Feugier P, Van Hoof A, Sebban C, et al. Long-term results of the

R-CHOP study in the treatment of elderly patients with diffuse
large B-cell lymphoma: a study by the Groupe d’Etude des Lym-
phomes de I’Adulte. J Clin Oncol 23: 4117-4126, 2005.

. Pfreundschuh M, Triimper L, Osterborg A, et al. CHOP-like che-

motherapy plus rituximab versus CHOP-like chemotherapy alone
in young patients with good-prognosis diffuse large-B-cell lym-
phoma: a randomised controlled trial by the MabThera Interna-
tional Trial (MInT) Group. Lancet Oncol 7: 379-391, 2006.

. Ziepert M, Hasenclever D, Kuhnt E, et al. Standard International

Prognostic Index remains a valid predictor of outcome for patients
with aggressive CD20+ B-cell lymphoma in the rituximab era. J
Clin Oncol 28: 2373-2380, 2010.

. Dixon DO, Neilan B, Jones SE, et al. Effect of age on the thera-

peutic outcome in advanced diffuse histiocytic lymphoma: the
Southwest Oncology Group experience. J Clin Oncol 4: 295-305,
1986.

. Sarkozy C, Coiffier B. Diffuse large B-cell lymphoma in the eld-

erly: a review of potential difficulties. Clin Cancer Res 19: 1660-
1669, 2013.

. Armitage JO, Potter JF. Aggressive chemotherapy for diffuse histi-

ocytic lymphoma in the elderly: increased complications with ad-
vancing age. J] Am Geriatr Soc 32: 269-273, 1984.

. Umezawa H, Takahashi Y, Kinoshita M, et al. Tetrahydropyranyl

derivatives of daunomycin and adriamycin. J Antibiot (Tokyo) 32:
1082-1084, 1979.

Herait P, Poutignat N, Marty M, Bugat R. Early assessment of a
new anticancer drug analogue - are the historical comparisons ob-
solete? The French experience with pirarubicin. Eur J Cancer 28A:
1670-1676, 1992.

Takagi T, Oguro M. (27-R)-4’-o-tetrahydropyranyladriamycin, a
new anthracycline derivative; its effectiveness in lymphoid malig-
nancies. Cancer Chemother Pharmacol 20: 151-154, 1987.

Miller AA, Salewski E. Prospects for pirarubicin. Med Pediatr On-
col 22: 261-268, 1994.

Kitamura K, Takaku F. Pirarubicin, a novel derivative of doxorubi-
cin. THP-COP therapy for non-Hodgkin’s lymphoma in the eld-
erly. Am J Clin Oncol 13 (Suppl 1): S15-S19, 1990.

Niitsu N, Umeda M. THP-COPBLM (pirarubicin, cyclophos-
phamide, vincristine, prednisone, bleomycin and procarbazine)
regimen combined with granulocyte colony-stimulating factor (G-
CSF) for non-Hodgkin’s lymphoma in elderly patients: a prospec-
tive study. Leukemia 11: 1817-1820, 1997.

Tsurumi H, Yamada T, Sawada M, et al. Biweekly CHOP or THP-
COP regimens in the treatment of newly diagnosed aggressive
non-Hodgkin’s lymphoma. A comparison of doxorubicin and pira-
rubicin: a randomized phase II study. J Cancer Res Clin Oncol
130: 107-113, 2004.

Mori M, Kitamura K, Masuda M, et al. Long-term results of a
multicenter randomized, comparative trial of modified CHOP ver-
sus THP-COP versus THP-COPE regimens in elderly patients with
non-Hodgkin’s lymphoma. Int J Hematol 81: 246-254, 2005.
Tsurumi H, Hara T, Goto N, et al. A phase II study of a THP-
COP regimen for the treatment of elderly patients aged 70 years
or older with diffuse large B-cell lymphoma. Hematol Oncol 25:
107-114, 2007.

18. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the
World Health Organization classification of lymphoid neoplasms.
Blood 127: 2375-2390, 2016.

19. Cheson BD, Horning SJ, Coiffier B, et al. Report of an interna-
tional workshop to standardize response criteria for non-Hodgkin’s
lymphomas. NCI Sponsored International Working Group. J Clin
Oncol 17: 1244-1253, 1999.

20. Cheson BD, Pfistner B, Juweid ME, et al. International Harmoni-
zation Project on Lymphoma. Revised response criteria for malig-
nant lymphoma. J Clin Oncol 25: 579-586, 2007.

21. Begg CB, Carbone PP. Clinical trials and drug toxicity in the eld-
erly. The experience of the Eastern Cooperative Oncology group.
Cancer 52: 1086-1092, 1983.

22. Kunimoto S, Miura K, Takahashi Y, Takeuchi T, Umezawa H.
Rapid uptake by cultured tumor cells and intracellular behavior of
4’-O-tetrahydropyranyladriamycin. J Antibiot (Tokyo) 36: 312-317,
1983.

23. Matsushita Y, Kumagai H, Yoshimoto A, et al. Antitumor activities
of (2”R)-4’-O-tetrahydropyranyl-adriamycin (THP) and its combi-
nation with other antitumor agents on murine tumors. J Antibiot
(Tokyo) 38: 1408-1419, 1985.

24. Dantchev D, Paintrand M, Hayat M, Bourut C, Mathé G. Low
heart and skin toxicity of a tetrahydropyranyl derivative of adria-
mycin (THP-ADM) as observed by electron and light microscopy.
J Antibiot (Tokyo) 32: 1085-1086, 1979.

25. Aoki S, Tsukada N, Nomoto N, et al. Effect of pirarubicin for eld-
erly patients with malignant lymphoma. J Exp Clin Cancer Res
17: 465-470, 1998.

26. Kasahara S, Hara T, Tsurumi H, et al. Phase II study of the tetra-
hydropyranyl adriamycin-cyclophosphamide, vincristine, and pred-
nisolone regimen combined with rituximab as first-line treatment
for elderly patients with diffuse large B-cell lymphoma. Leuk
Lymphoma 52: 629-634, 2011.

27. Hara T, Tsurumi H, Goto N, et al. Phase II study of rituximab
combined with THP-COP as first-line therapy for patients younger
than 70 years with diffuse large B cell lymphoma. J Cancer Res
Clin Oncol 136: 65-70, 2010.

28. Zhai L, Guo C, Cao Y, et al. Long-term results of pirarubicin ver-
sus doxorubicin in combination chemotherapy for aggressive non-
Hodgkin’s lymphoma: single center, 15-year experience. Int J He-
matol 91: 78-86, 2010.

29. Tomita N, Kodama F, Tsuyama N, et al. Biweekly THP-COP ther-
apy for newly diagnosed peripheral T-cell lymphoma patients. He-
matol Oncol 33: 9-14, 2015.

30. Hirakawa T, Yamaguchi H, Yokose N, Gomi S, Inokuchi K, Dan
K. Importance of maintaining the relative dose intensity of CHOP-
like regimens combined with rituximab in patients with diffuse
large B-cell lymphoma. Ann Hematol 89: 897-904, 2010.

31. Kanemasa Y, Shimoyama T, Sasaki Y, et al. The impacts of initial
and relative dose intensity of R-CHOP on outcomes of elderly pa-
tients with diffuse large B-cell lymphoma. Leuk Lymphoma 58:
736-739, 2017.

The Internal Medicine is an Open Access article distributed under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

(© 2017 The Japanese Society of Internal Medicine
Intern Med 56: 2407-2413, 2017

2413



