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Table 3 Toxicities

Toxicity Toxicity grade by JCOG toxicity criteria
Grade 1 Grade 2 Grade 3 Grade 4 ND#
Hematological
Leukopenia 11 (8.6%) 49 (38.3%) 60 (46.9%) 7 (5.5%)
Neutropenia 8 (6.3%) 16 (12.5%) 44 (34.4%) 58 (45.3%)
Anemia 34 (26.6%) 40 (31.3%) 9 (7.0%) -
Thrombocytopenia 11 (8.6%) 3(23%) 1 (0.8%) 1 (0.8%)
Non-hematological
Bilirubin elevation - 16 (12.5%) 4 (3.1%) 1 (0.8%)
AST elevation 56 (43.8%) 14 (10.9%) 3 (2.3%) 0
ALT elevation 53 (41.4%) 27 (21.1%) 6 4.7%) 0
Cr elevation 6 (4.7%) 2 (1.6%) 0 0
Hypoxemia 56 (43.8%) 13 (10.2%) 1 (0.8%) 1 (0.8%) 4
Nausea/vomiting 50 (39.1%) 43 (33.6%) 14 (10.9%) -
Diarrhea 16 (12.5%) 2 (1.6%) 1 (0.8%) 0 2
Stomatitis 12 (9.4%) 3(23%) 0 0 3
Proteinuria 7 (5.5%) 0 0 0 6
Arrythmia 2 (1.6%) 1 (0.8%) 0 0 4
Phlebitis - 54 (42.2%) 0 0 2
Dyspnea 5 (3.9%) 5 (3.9%) 1 (0.8%) ] 4
Infection 21 (164%) 9 (7.1%) 0 1 (0.8%) 4
Alopecia 63 (49.2%) 40 (31.3%) - - 4
Fever (non-infectious) 27 (21.1%) 39 (30.5%) 323%) 0 1
Neuropathy 33 (25.8%) 5 (3.9%) 1 (0.8%) - 3
Constipation 34 (26.6%) 11 (8.6%) 1 (0.8%) 1 (0.8%) 3

Cr creatinine, ND# no data collected

hematological toxicity was nausea/vomiting that was
observed in 14 patients (10.9%). Other grade 3 non-
hematological toxicities were hyperbilirubinemia observed
in 4 patients (3.1%), elevation of AST/ALT in 9 patients
(7.0%), non-infectious fever in 3 patients (2.3%), and
hypoxemia, diarrhea, dyspnea, peripheral neuropathy and
constipation in each one patient (0.8% each). The frequent
grade 2 non-hematological toxicities (>30%) were phle-
bitis, nausea/vomiting, alopecia and non-infectious fever.

Secondary malignancies were observed within 3 years
after ABVd therapy in 4 patients (3.1% of 128) throughout
the study. Myelodysplastic syndrome (MDS), lung cancer,
rectal cancer and gastric cancer were observed in each one
patient. Diagnosis of lung cancer and gastric cancer was
confirmed at 2.8 and 1.5 years after the treatment, respec-
tively. A patient with MDS had involved-field radiation
therapy to left cervical lymphatic area after ABVd therapy.
A patient with rectal cancer had mantle-field radiation
therapy after ABVd therapy. Each patient with MDS and
gastric cancer died from progression of HL, and cerebral
infarction followed by pneumonia, respectively. Another
two patients died from their secondary malignancies.

Table 4 Responses of eligible patients (n = 118)

Response after Cx After Cx or Cx and Rx
No. % No. %

CR 70 59.3 81 68.6

CRu 5 4.2 15 12.7

PR 32 27.1 10 8.5

NC 5 42 5 42

PD 5 4.2 6 5.1

NE 1 0.8 1 0.8

CR+CRu 75 63.6 926" 814

(95% CI) (54.2-72.2%) (73.1-87.9%)

Cx chemotherapy, Rx radiation therapy, CI confidential interval
* 37 of 96 patients received Rx after the completion of Cx

3.4 Responses

The therapeutic efficacy was evaluated in 118 eligible
patients. The ORR after ABVd therapy or ABVd therapy
followed by radiation therapy in all 118 eligible patients
was 89.8% (95% CI 82.9-94.6%) (Table 4). Seventy-five
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Table 5§ CR rate (including CRu) and 5-year PFS according to IPS or
clinical stage

IPS/stage CR rate after  CR rate after radiation
chemotherapy (%)/5-year PFS (%)
(%)
IPS
0-2 654 84.6/83.1
3-7 60.0 75.0/69.0
Clinical stage
I 67.2 86.9/86.8
MorIV 59.6 75.4/69.2
A 673 87.8/85.7
IIB, I or IV 60.9 76.8/73.1
Non-bulky IIA 74.4 87.2/87.2
Bulky IIA, IIB, Hl or IV 58.2 78.5/74.0

IPS International Prognostic Score

patients achieved CR (including CRu) (63.6%; 95% CI
54.2-72.2%) after ABVd therapy and 96 patients achieved
CR (including CRu) (81.4%; 95% CI 73.1- 87.9%) after
post-ABVd radiation therapy. A total of 39 patients (23
patients in PR and 16 patients in CR or CRu after ABVd)
received radiotherapy after the completion of chemother-
apy. While a total of 4 patients with initial bulky mass did
not receive planned radiation therapy in CR at the end of
chemotherapy, 23 patients who achieved PR after 4-8
cycles of ABVd therapy had unplanned radiation therapy.
Twenty-one out of the 23 PR patients achieved CR or CRu
after unplanned radiation therapy.

The responses according to the IPS category or clinical
stage (II vs. Il or IV, ITA vs. [IB, ITI or I'V, and non-bulky
IIA vs. bulky IIA, IIB, III or IV) are shown in Table 5.
After involved-field radiation therapy, CR rate in lower
(IPS: 0-2) and higher risk groups (IPS: 3-7) increased from
654 to 84.6%, and from 60.0 to 75.0%, respectively.
Improved CR rate after radiation therapy was also observed
in each clinical stage group. In the group of stage III or IV,
the CR rate after ABVd therapy was 58.2%, but after
radiation therapy, CR rate was increased to 78.5%.

3.5 Progression-free survival

The PFS curve of all 118 eligible patients is shown in
(Fig. 1a), and 5-year PFS was estimated to be 78.4% (95%
CI 70.9-85.9%). The PFS was analyzed according to the
IPS risk groups and stages. The PFSs at S years in lower
(IPS of 0-2) and higher risk groups (IPS of 3 or more) were
83.1% (95% CI 74.8-91.5%) and 69.0% (95% CI
54.4-83.7%), respectively (Fig. 1b). The PFSs at 5 years in
stage II and III or IV were 86.8% (95% CI 75.4-93.2%)
and 69.2% (95% CI 55.1-79.6%), respectively (Fig. 1c).
The PFSs at 5 years in stage I[A non-bulky and stage IIA

bulky, IIB, III or IV were 87.2 (95% CI 71.9-94.5%) and
74% (95% Cl 62.6-82.4%), respectively (Fig. 1d).

3.6 Overall survival (OS)

The OS of all 118 eligible patients is shown in Fig. 2a.
There have been 14 deaths among the 118 eligible patients.
The OS at 5 years was estimated to be 91.3% (95% CI
86.1-96.5%). Median follow-up time for censored patients
was 6.5 years.

The OS was analyzed according to the IPS risk groups
and stages. The OS at 5 years in lower (IPS of 0-2) and
higher risk groups (IPS of 3 or more) were 93.5% (95% CI
88.0-99.0%) and 87.0% (95% CI; 76.4-97.6%), respec-
tively (Fig. 2b). The OS in stage II and III or IV were
96.7% (95% Cl 87.5-99.2%) and 85.3% (95% CI
72.8-92.4%), respectively (Fig. 2c). The OS at 5 years in
stage ITA non-bulky and stage ITA bulky, IIB, III or IV
were 97.4% (95% CI 83.2-99.6%) and 88.2% (95% CI
78.5-93.7%), respectively (Fig. 2d).

4 Discussion

Our present phase II study confirmed that ABVd with
lower dose of dacarbazine is as effective for Japanese
patients with newly diagnosed HL with stages II-IV as
ABVD with full dose of dacarbazine for the Western
patients.

ABVD has been considered the standard of care for
advanced-stage HL after the publication of a landmark
CALGB study [7] and other large-scaled randomized phase
I studies [9, 22-24]. The German Hodgkin Study Group
has developed a dose-escalated and accelerated combined-
modality program, escalated BEACOPP (bleomycin, etopo-
side, doxorubicin, cyclophosphamide, vincristine, prednisone,
and procarbazine) plus radiation (+RT) for newly diag-
nosed patients with unfavorable stage IIB, III or IV [20].
The most recent analysis, also with a median follow-up of
9.3 years, included 1,196 evaluable patients and demon-
strated superior freedom from treatment failure and over-
all survivals for the patients treated with escalated
BEACOPP + RT [25]. In freedom from treatment failure
(88% at 5 years), escalated BEACOPP + RT seems to be
superior to failure-free survival (61% at 5 years) in ABVD
therapy in CALGB study [8, 25]. Italian group compared
ABVD with BEACOPP and CEC in randomized trial
for the initial treatment of advanced HL [26]. Although
BEACOPP may be associated with an improved PFS, it has
greater toxicity; because of the success of salvage regimens,
improvements in PFS may not translate to improved OS. Thus,
ABVD still represents the standard initial treatment regimen
for advanced HL.
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Fig. 1 Progression-free survival. Tick marks indicate censored data.
a All 118 eligible patients. b Comparison according to IPS risk
groups. Fine and bold lines represent lower risk group categorized by
IPS of 0-2 (» = 78) and higher risk group categorized by IPS of 3 or
more (n = 40), respectively. ¢ Comparison according to stages. Fine
and bold lines represent stage II group (subgroup 1; » = 61) and stage

Hoskin et al. reported the results of the randomized
comparison of the Stanford V regimen and ABVD followed
by involved-field radiation therapy in both arms to sites of
previous bulk (>5 cm) in the treatment of advanced HL
conducted by United Kingdom National Cancer Research
Institute Lymphoma Group [27]. In that UK study, patients
with stage IIB, III, or IV disease or with stages I-IIA disease
with bulky disease (>5 cm) or other adverse features were
eligible. There was no evidence of a difference in ORR,
projected 5-year PFS and OS (92, 76 and 90%, respectively,
for ABVD; 91, 74 and 92%, respectively, for Stanford V).
They concluded that the efficacies of Stanford V and ABVD
were comparable when given in combination with appro-
priate radiotherapy, and that ABVD is likely to remain
standard therapy for initial treatment of HL.

Subgroup 2 : Stage IIA bulky, IIB, ITI or IV

III or IV group (subgroup 2; n = 57), respectively. d Comparison
according to stages in consideration of bulky disease and B symptom.
Fine and bold lines represent stage IIA non-bulky group (subgroup 1;
n = 39) and stage IIA bulky, IIB, IIl or IV group (subgroup 2;
n = 79), respectively

In the present study, stages II-IV were eligible, while in
CALGB study and German Hodgkin’s Lymphoma Study
Group’s trial, stages I[IIA2, IIIB, IVA or IVB, and unfa-
vorable stages IIB-IV were eligible, respectively. Thus,
direct comparison of efficacies of the present study with
those in CALGB study or German Hodgkin’s Lymphoma
Study Group’s trial is difficult. However, in UK study,
stages I-IIA disease with bulky disease (>5 cm) or other
adverse features and stage III or IV were eligible. And, the
percentage of patients with stage III or IV in the present
study and UK study was 48 and 54%, respectively. In the
present study, CR rate and 5-year PFS of the patients with
ITA-bulky, IIB, III, or [V (67% of all eligible patients) were
78.5 and 74%, respectively, while CR rate and 5-year PFS
of the patients in ABVD arm in UK study were 67 and
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Fig. 2 Overall survival. Tick marks indicate censored data. a All 118
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(n = 78) and higher risk group categorized by IPS of 3 or more
(n = 40), respectively. ¢ Comparison according to stages. Fine and
bold lines represent stage II (subgroup 1; n = 61) group and stage III

76%, respectively. Thus, the efficacies of ABVd therapy of
advanced-stage patients in the present study seem to be
comparable to those of ABVD therapy in UK study,
although there is a limitation due to historical comparison.
Combined-modality treatment (CMT) using multidrug
chemotherapy and radiotherapy is currently considered the
standard of care in early stage HL. Its role in advanced
stages, however, continues to be debated [28, 29]. In the
present study, radiotherapy was planned to deliver to the
initial sites of bulky mass for the patients in CR after
ABV(d therapy. As a result, it is possible that radiation to
patients in PR might contribute to good PFS in the present
study. Those tendencies were reported in UK study [27].
In the present study, 39 patients (33% of all eligible
patients) were stage IIA without bulk disease (non-bulky)
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or IV group (subgroup 2; n = 57), respectively. d Comparison
according to stages in consideration of bulky disease and B symptom.
Fine and bold lines represent stage IIA non-bulky (subgroup 1;
n = 39) and stage IIA bulky, IIB, III or IV group (subgroup 2;
n = 79), respectively

defined as early stage. Although CMT of short courses of
ABVD followed by involved-field radiation therapy has
been established as a standard of care in early stage HL
since 2004 [30], extended-field radiation therapy was uti-
lized as a standard of care of early stage HL, and full
courses of chemotherapy was considered as an optional
therapy in late 1980s to early 1990s when the present study
was planned. Meyer et al. [31] reported the results of a
randomized trial conducted by National Cancer Institute of
Canada Clinical Trials Group (NCIC) and the ECOG
comparing ABVD chemotherapy alone with CMT in

- patients with early stage HL. The 5-year PFS of patients

with non-bulky stage ITA in the present study, and S-year
freedom from disease progression of patients with favorable
early stage in NCIC and ECOG study was 87.2 and 87%,
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respectively. Although a direct comparison is difficult, the
outcome of early stage HL in the present study seems to be
comparable with that in the NCIC and ECOG study.

According to the international comparison of survival
data by Cancer Registries [32], OS at 5 years of the
patients with HL treated in 1997-1999 was 68.3% in Japan,
while it was 84.9% in the USA and 83.0% in the Europe in
the same period. One of the reasons why the 5-year sur-
vival rate in Japan was about 15% lower than those in the
USA and Europe is that dacarbazine was not commercially
available in 1990s, then ABVD therapy could not be
delivered to Japanese patients with HL. In this context, the
present study contributed to get a governmental approval of
dacarbazine for HL in 2000s and may contribute to
improve greatly the treatment outcome for patients with
HL in Japan.

As reported previously [7], major toxicity was grade 4
neutropenia (45.3%) in ABVd therapy in the present study.
However, no severe (grade 3 or 4) infection was observed
in the present study. As Boeti et al. reported, ABVD
administration irrespective of granulocyte counts may
allow the treatment to be given at full dose without delays
or significant number of infective episodes [33]. Although
four kinds of grade 4 non-hematological toxicity were
observed in 4 patients as described above, all toxicities
were transient, and all patients fully recovered. Although
ABVd regimen contains doxorubicin and bleomycin, no
severe cardiac toxicity such as congestive heart failure or
ischemic heart disease, and no severe pulmonary toxicities
were observed in the present study. Although the dose of
dacarbazine in the present study was as same as that in
JCOGB890S5, the incidence of grade 3/4 nausea/vomiting
was decreased from 25%/12% in JCOG8905 to 11%/—% in
the present study [12]. This improvement was mainly due
to the development of SHT?3 antagonist such as granisetron
that was launched in May 1992 in Japan. Since acute
emesis due to dacarbazine is now well known to be con-
trolled by these SHT3 antagonists and new anti-emetic
drug called substance P antagonist, dose reduction of
dacarbazine in ABVD therapy may not be quite necessary.

In this study, four secondary malignancies including one
MDS and three solid tumors developed after the comple-
tion of protocol treatment. Although ABVD therapy was
reported to be less leukemogenic or carcinogenic [7, 34],
development of MDS in one patient in the present study
might be related to ABVd regimen. Although radiation is
known to be carcinogenic, a patient with rectal cancer
received mantle-field radiation without any radiation to
abdomen. Thus, this case with rectal cancer also seems to
be incidental development. Other two patients with lung
cancer and gastric cancer, respectively, received only
ABVd therapy. It might be less possible that ABVd therapy
caused these solid cancers.

In summary, the present phase II study, JCOG 9305,
showed the expecting efficacy and acceptable toxicity of
ABVd therapy including post-chemotherapeutic involved-
field radiation therapy for previously untreated patients
with stage II-IV HL, despite the dose reduction of dacar-
bazine to two-thirds of that in the original ABVD therapy.
These data should be useful for future clinical trials.
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Rituximab plus cyclophosphamide, doxorubicin, vincristine and
prednisolone (R-CHOP) is one of the most frequently applied initial
treatments for indolent B-cell non-Hodgkin lymphoma (B-NHL);
however, information on its long-term outcome is limited.
Untreated patients in the concurrent arm (Arm C) received six R
(375 mg/m?) treatments, 2 days prior to each cyde of CHOP, and
patients in the sequential arm (Arm S) received 6 weekly R
(375 mg/m?) treatments following six cycles of CHOP. Sixty-nine
patients were randomized but two patients were withdrawn
before receiving the protocol treatment. Sixty-five patients (94%)
had follicular lymphoma, and 37 (55%) were at low risk, 23 (34%)
at intermediate risk and seven (10%) at high risk according to the
Follicular Lymphoma International Prognostic index. We previously
reported that the overall response rate (ORR) in Arm C and in Arm
S was 94% and 97%, respectively. The median progression-free
survival (PFS)/7-year PFS rate in Arm C, Arm S and all 67 assessable
patients was 2.4 years/23% (95% confidence interval [Cl], 9-40%),
3.8 years/41% (95% Cl, 23-57%) and 2.8 years/32% (95% Ci, 20~
45%), respectively. There was no significant difference between
the two arms (P=0.107). The overall survival (OS) of the 67
patients was 95% at 7 years. In conclusion, R-CHOP is a highly
effective initial treatment for untreated indolent B-NHL in terms of
ORR and OS; however, its long-term PFS is not good enough either
in concurrent or sequential combination, warranting further inves-
tigations on post-remission therapy. (Cancer Sci 2010; 101: 2579
2585)

ince the introduction of a chimeric anti-CD20 monoclonal
antibody, rituximab, into the treatment of B-cell non-Hodg-
kin lymphoma (B-NHL).U'S’ various clinical trials have been
carried out to investigate the efficacy of its combination with
conventional chemotherapies, and currently, the combination of
rituximab with chemotherapy is regarded as a routine modality
for the treatment of B-NHL.®'? Rituximab plus cyclophospha-
mide, doxorubicin, vincristine and prednisolone (R-CHOP) has
been regarded as the gold standard for the treatment of diffuse
large B-cell lymphoma.®-!%
Indolent B-NHL, of which the representative histopathologi-
cal subtype is follicular lymphoma, is characterized by an

doi: 10.1111/.1349-7006.2010.01703.x
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advanced stage at presentation, lack of symptoms, indolent
behavior and a long natural history in most patients. Various
treatment strategies, including a watch and wait policy until pro-
gression,* >3 eytotoxic chemotherapy with a single agent or in
combination,®'¥19) antibody therapy' 7-20) and stem cell trans-
plantation®" have been tested; however, the majority of patients
remain_incurable, and no standard therapy has been estab-
lished.7** In 1999, Czuczman er al. reported the initial results
of the first phase Il study of R-CHOP in mostly untreated
patients with indolent B-NHL, showing a high overall response
rate (ORR) of 95% (38/40).(233 Currently, R-CHOP is one of the
most frequently applied chemotherapeutic regimens for the
treatment of untreated indolent B-NHL."

In 1999, we initiated a multicenter, randomized phase II study
to compare CHOP combined with rituximab concurrently or
sequentially in previously untreated indolent B-NHL of
advanced stage. The primary objective of the study was to select
a promising combination regimen for further investigation in
view of ORR as the primary end-point. Our initial analysis at a
median follow-up time of 28.2 months demonstrated that both
arms were equally highly effective, with 94% or higher ORR,
including almost 70% complete response (CR) with acceptable
toxicities. Thus, we concluded that R-CHOP is highly effective
for untreated indolent B-NHL, either concurrently or in sequen-
tial combination, and that both combination schedules deserve
further investigation.™’

Several randomized studies have suggested the advantage of
R-CHOP over CHOP alone in the treatment of follicular or indo-
lent B-NHL.“5*" However, the majority of studies investigating
R-CHOP were carried out by combining rituximab concurrently
with CHOP, and studies on CHOP followed by rituximab or other
combination schedules are limited.“*® More importantly, long-
term follow-up results after rituximab-containing chemotherapy
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SPresent addresses: Department of Hematology and Oncology, Nagoya Daini Red
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for indolent B-NHL have not been sufﬁcxently elucidated, except
for the US phase II study of R- CHOP" and the European
phase III study of rituximab plus cyclophos ghaxmde, vincristine
and prednisone (R-CVP) versus CVP alone.” In the former US
phase II study reporting 9-year follow-up results, the authors
claimed prolonged clinical and molecular remission, with time to
progression (TTP) of 82.3 months; however, this single-arm
phase Il study has several limitations, including a small sample
number, unusual combination schedule and heterogeneous popu-
lations. @9 ) In the latter European phase III study of a falrly large
number of patients n= 321), the chemotherapeutic regimen is
not CHOP but CVP.“® Thus, information regarding the long-term
therapeutic outcome after R-CHOP for indolent B-NHL is still
quite limited. From the viewpoints described above, this 7-year
follow-up study provides additional information regarding the
response durability of R-CHOP for untreated indolent B-NHL.

Patients and methods

This long-term follow-up study with a median follow-up time of
7.1 years regarding progression-free survival (PFS) and overall
survival (OS) is an update of a Japanese phase II, open-label,
multicenter, randomized study. Detailed descriptions of the
study design and the initial results after the induction phase have
been reported previously.”> Briefly, untreated patients diag-
nosed as having indolent B-NHL of advanced stage, exclusive
of mantle cell lymphoma, were randomized to either the concur-
rent arm (Arm C), where rituximab 375 mg/m’ was given
2 days prior to each cycle of CHOP in six cycles, or the sequen-
tial arm (Arm S), where rituximab 375 mg/m was given six
times weekly following six cycles of CHOP. Sixty-nine patients
were enrolled, and the primary end-point of ORR was 94%
(30/32; 95% conﬁdence interval [CI], 79—99%) for Arm C and
97% (33/34; 95%CI, 85-100%) for Arm S.®

As described in our previous manuscript, approval was
obtained from the institutional review boards of all participating
institutions. Written informed consent was obtained from all
patients before enrollment in accordance with the Declaration of
Helsinki.® Participating institutions and principal investigators
of the IDEC-C2B8 Study Group are shown in the Appendix.

In this 7-year follow-up study, of the 69 patients enrolled, two
patients who had never received the protocol treatment were
removed from analyses. The remaining 67 patients who had
received the allocated arm treatment were included in the ana-
lytical data set. The International Workshop Response Criteria
for NHL gubhshed in 1999 was applied to evaluate the tumor
response. Tumor progression was monitored at approxi-
mately 3-month intervals for the first 12 months, and every 4-
6 months thereafter until lymphoma progression or for 7 years.

Adverse events (AE) of the delayed type were also monitored
for 7 years or at least until lymphoma progression, and were
graded according to the toxicity criteria of the Japan Clinical
Oncology Group," G2 an expanded version of the Common Tox-
icity Criteria version 1.0 by the National Cancer Institute
(Bethesda, MD, USA).

The PFS data for patients who were transferred to other insti-
tutions were censored on the last date of assessment. Survival
information for patients who were transferred to other institu-
tions was obtained by questionnaire addressed to the hospital
doctor in charge. The PFS and OS were analyzed using the Kap-
lan-Meier method, and the log-rank test was carried out to
examine differences between cohorts. Statistical Analysis Sys-
tem (SAS, Cary, NC, USA), version 9.1, was used for analyses.

Results

Patient characteristics. Sixty-seven patients who received
either Arm C (n = 34) or Arm S (n = 33) were evaluated. The
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majority of patients had follicular lymphoma (FL) accounting
for 96% (64 patients) of the 67 assessable patients revealed by
the central pathology review.”> The allocated protocol treat-
ment was not completed in two of the 67 patients due to grade 3
AE. One had cholangitis after the third cycle of R-CHOP in
Amm C, and the other had interstitial pneumonia after the third
cycle of CHOP in Arm S. The protocol treatment was completed
in the remaining 65 patients. Patient characteristics at entry are
shown in Table 1.

Of the 67 patients evaluated, two patients were judged ‘‘ineli-
gible’” for ORR analysis at the induction phase: one patient was
ineligible due to concomitant kidney cancer, and his follow up
was censored at his last observation; and the other patient was
ineligible due to a prior history of anthracycline use for breast
cancer, which was recognized after completion of the protocol
treatment, and her lymphoma progression had been confirmed
before judging her ineligibility. In addition, one patient who
received erroneous protocol treatment was included in this long-
term follow-up analysis, that is, a patient who erroneously
received daunorubicin (50 mg/m-~) instead of doxorubicin in the
first cycle of CHOP.

Progression-free survival. All 67 patients who received the
protocol treatment were followed up for 7 years or until lym-
phoma progression, and their PFS and OS were updated. Four-
teen patients (Arm C, five patients; Arm S, nine patients) were
followed up until 7 years without progression. Kaplan-Meier
plots of the PFS for all 67 patients (Arm C + Arm S) and for
each treatment arm are shown in Figure 1.

As shown in Table 2, the median PFS of Arm C, Arm S and
all 67 patients was 2.4, 3.8 and 2.8 years, respectively; the 7-
year PFS rate of Arm C, Arm S and all 67 patients was 23%,
41% and 32%, respectively. There was no significant difference
between the two arms (P = 0.107, log-rank test).

Overall survival. Kaplan-Meier plots of OS for the 67
patients and for each arm are shown in Figure 2. Three patients
died from lymphoma progression during the 7-year follow up.
Fifty-eight patients were confirmed to have survived for 7 years.
However, for the remaining six patients, complete survival
information could not be obtained because of a change of abode
as well as institution. The estimated 7-year OS rate for Arm C,
Arm S and all 67 patients was 97%, 94% and 95%, respectively,
as shown in Table 2.

PFS and OS by the Follicular Lymphoma International
Prognostic Index (FLIPI). As 64 (96%) of 1he 67 patients had fol-
licular lyraphoma, PFS curves by FLIPI®® are shown in Flg-
ure 3. The FLIPI scoring was also applied to the remaining
three patients diagnosed as having marginal zone B-cell lym-
phoma or low-grade B-NHL, not otherwise specified. The med-
ian PFS for the low-, intermediate- and high-risk groups was
4.0, 2.5 and 1.5 years, respectively, and the 7-year PFS for the
low-, intermediate- and high-risk groups was 39%, 24%
and 21%, respectively, as shown in Table 3. There were no sta-
tistical differences among the low-, intermediate- and high-risk
groups.

Late-onset adverse events. Clinically significant AE that
occurred during the induction phase, that is, from the start of proto-
col treatment to 6 months after Q)e last cycle of CHOP, were
reported in our previous paper.”” In the present report, we
focused on the late onset AE observed during the 7-year follow up.

All three deaths were associated with lymphoma progression,
and no patients died due to AE associated with the protocol
treatment. Serious AE were documented in four patients during
the follow-up period: prosthetic aortic valve replacement, cere-
bral hemorrhage, bodyweight gain and stomach cancer. It is
unlikely that these four AE were directly associated with the
protocol treatment. Besides, no late-onset cardiac dysfunctions
associated with the R-CHOP treatment were documented during
the follow-up period.

doi: 10.1111/).1349-7006.2010.01703.x
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Table 1. Patient characteristics
Enrolled Evaluated
Factors Arm C Arm § Total Arm C Arm $ Total
(n = 34) (n=35) {n = 69) {(n =349 (n=33) (n=67)t

Sex

Female 18 18 36 18 17 35

Male 16 17 33 16 16 32
Age (years)

Median 53 50 52 53 49 52

Range 36-65 26-69 26-69 36-65 26-69 26-69
Performance status (ECOG)

0 29 30 59 29 28 57

1 5 5 10 5 5 10
Histopathology (REAL)+

Follicular, grade 1 12 1 23 12 1" 23

Follicular, grade 2 21 19 40 21 18 39

Follicular, grade 3 0 2 2 0 2 2

Marginal zone 1 0 1 1 0 1

Low-grade B-NHL, NOS§ 0 2 2 0 2 2

No specimen€ 0 1 1 0 V] 0
Clinical stage (Ann Arbor)

n 14 15 29 14 13 27

v 20 20 40 20 20 40
B symptoms

Absent 30 33 63 30 31 61

Present 4 2 6 4 6
LDH

Normal 32 31 63 32 29 61

Elevated 2 6 2 4 6
Number of extranodal sites

Oor1 25 26 51 25 24 49

2 or more 9 9 18 9 9 18
International prognostic index

Low 21 21 42 21 19 40

Low-intermediate 12 12 24 12 12 24

High-intermediate 1 1 2 1 1 2

High 0 1 1 0 1 1
Follicular Lymphoma International Prognostic Index

Low 18 20 38 18 19 37

Intermediate 13 " 24 13 10 23

High 3 4 7 3 4 7

Arm C, concurrent arm; Arm S, sequential arm; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; REAL, revised
European-American classification of lymphoid neoplasms. TTwo patients who withdrew before the protocol treatment initiation with the
allocated arm were removed from evaluation. $According to the diagnosis by the Central Pathology Review Committee. §Low-grade B-cell
non-Hodgkin lymphoma (B-NHL), not otherwise specified (NOS). YSpecimen for central pathology review was not submitted.

Discussion

The 7-year OS of patients with indolent B-NHL treated with R-
CHORP in the present study was excellent, with 97% for Arm C
and 94% for Arm S, which appeared to be closely associated
with the excellent ORR by R-CHOP, with 94% for Arm C and
97% for Arm S;*> however, the 7-year PFS is not satisfactory,
with 23% for Arm C and 41% for Arm S. More than 50% of
patients relapsed within 4 years, and no clear plateau of the PFS
curve was observed in either arm. Czuczman e al. reported a
somewhat longer TTP of 82.3 months by R-CHOP alone.®”
The reason for the difference in PFS and TTP between the two
studies is unclear, but might be parily explained by the small
sample numbers and different background factors, including his-
topathological subtypes, different administration schedules of
rituximab, etc. Although they claimed a long response durability
in their Q;XCar follow-up study, more than half of the patients
relapsed.”® Taken together, it appears reasonable to consider

Tobinai et al.

that most patients with indolent B-NHL are still incurable by
R-CHOP alone.

One of the large-scale clinical trials investigating the efficacy
of R-CHOP for indolent B-NHL is a German study for untreated
follicular lymphoma.®® According to the updated results at a
median 58-month follow up, the improvement of time to treat-
ment failure (TTF), response duration (RD) and OS remained
consistently superior in the R-CHOP group compared with the
CHOP alone group;*" however, the number of patients free
from treatment failure decreased in a linear manner over time,
even in the R-CHOP group. The patients enrolled in the German
study were secondarily randomized after remission induced by
R-CHOP, and received post-remission therapy with interferon
alpha maintenance or myeloablative chemoradiotherapy with
autologous hematopoietic stem cell transplantation. The esti-
mated S-year TTF of 65% appears to be longer than the 7-year
PFS of 32% in the present study, possibly suggesting the pro-
longing remission effect of the post-remission therapy.

Cancer Sci | December 2010 | vol. 101 | no.12 | 2581
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Fig. 1. Progression-free survival (PFS). (A) The PFS
of 67 assessable patients. Median PFS with 95%
confidence interval (95% Cl) was estimated to be
2.8 years with a 95% Cl of 2.1-4.4 years. (B) The PFS
by the treatment arm. Median PFS with the 95% CI
of the concurrent arm (Arm C) (n = 34) and the
sequential arm (Arm 5) (n = 33) were estimated to
be 2.4 years with a 95% ClI of 1.9-3.4 years, and
3.8 years with a 95% CI of 2.1- years, respectively.

8 There was no statistical difference between the two
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arms using log-rank test (P = 0.107).

Table 2. Progression-free survival (PFS) and overall survival (OS) by treatment arm

Median PFS (years) 7-year PFS (%) 7-year OS (%)
Cohort n
95% Ci 95% CI 95% Cl
Arm Ct 34 2.4 1.9-34 23 9-40 97 79-100
Arm S# 33 3.8 2.1~ a1 23-57 94 78-98
ALL (ArmC+5) § 67 2.8 2.1-4.4 32 20-45 95 86-98

There was no statistical difference between Arm C and Arm S in the progression-free survival (P = 0.1071 by log-rank test). Cl, confidence
interval. Tumor progression was evaluated according to the International Workshop Response Criteria for Non-Hodgkin Lymphoma, at
approximately 3-month intervals for the first 12 months and every 4-6 months thereafter. tPatient group treated with rituximab plus CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisolone) concurrently 2 days prior to each CHOP cycle, repeating six cycles every 3 weeks.
+Patient group treated with six cycles of CHOP repeated every 3 weeks, followed by rituximab given six times weekly. §All 67 patients were
treated with either the concurrent arm (Arm C) or the sequential arm (Arm $) in this study.

The maintenance use of rituximab is a promising option for
prolonging PFS in the treatment of indolent B-NHL. The results
of the Primary Rituximab Maintenance (PRIMA) study, where
rituximab was combined concurrently with a CHOP-like or flu-
darabine-containing regimen for induction in untreated follicular
lymphoma patients with high tumor burden, and responders
were randomized to either maintenance with rituximab given
bimonthly for 2 years or observation, are expected to show a
prolonging PFS effect in the maintenance rituximab arm, con-
sidering several preceding studies suggesting its usefulness in
the treatment of indolent B-NHL, including a German study,(35
European study,”” US studies®®*” and Swiss study.®®

Another potentially effective strategy for prolonging PFS
after R-CHOP might be radioimmunotherapy. The researchers
of the Southwest Oncology Group (SWOG) in the United States
reported a favorable 5-year PFS rate of 67% in a phase Il study
of CHOP followed by idodine-131(**'I)-labeled anti-CD20

2582

monoclonal antibody, tositumomab, for untreated follicular lym-
phoma patients of advanced stages." *) The authors claimed that
the S-year estimate of PFS was 23% better than the correspond-
ing figures for patients treated with previous SWOG protocols
with CHOP alone.®** Based on the encouraging results of the
phase II study, they completed patient enrolment into the subse-
quent phase III trial comparing R-CHOP. Another anti-CD20
radioimmunoconjugate, yttrium-90 (*®Y)-labeled ibritumomab
tiuxetan, was also evaluated for advanced-stage follicular lym-

homa in first remission in an international phase IIT study.“?

Y-ibriturnomab tiuxetan consolidation significantly prolonged
median PFS compared with the no consolidation arm (36.5 vs
13.3 months; hazard ratio, 0.465; P < 0.0001). Although this
phase III study clearly demonstrated the efficacy of *°Y-ibritu-
momab tiuxetan as post-remission therapy in follicular lym-
phoma, most enrolled patients (86%, 350/409) had not received
rituximab-containing chemotherapy as the initial treatment.

doi: 10.1111/.1349-7006.2010.01703.x
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Table 3. Progression-free survival (PFS) and overall survival (OS) by
the Follicular Lymphoma International Prognostic Index

Median PFS 7-year PFS

7- (o}
FLIPI n (vears) (%) v
95% CI 95% Cl 95% Cl
Low 37 40 2.2- 39 22-55 100 100-100
Intermediate 23 25 1.9-38 24 8-44 91 69-98
High 7 15 1.3- 21 1-60 83 27-97

Tumor progression was evaluated according to the International
Workshop Response Criteria for Non-Hodgkin Lymphoma at
approximately 3-month intervals for the first 12 months and every
4-6 months thereafter. There were no statistical differences among
the low-, intermediate- and high-risk groups. Cl, confidence interval;
FLIPI, Follicular Lymphoma International Prognostic Index.

Therefore, to elucidate the exact role of anti-CD20 radioimmu-
notherapy as post-remission therapy after rituximab-containing
chemotherapy like R-CHOP, prospective comparative studies
directly targeting this cohort are needed.

Although the primary end-point of this randomized phase II
study is ORR of R-CHOP chemotherapy, and survival parame-
ters such as PFS and OS are among the secondary end-points
associated with insufficient statistical power due to small sam-
ples, it is notewonhy that the favorable tendency of the sequen-
tial combination in the R-CHOP arm was recognized not only in
the initial analysxs( ) but also in the 7-year follow-up study. The
exact reason for this finding is unclear; however, the use of rit-
uximab after reduction of the tumor burden by chemotherapy
might be a more promising treatment strategy for prolonging
PFS in the treatment of indolent B-NHL, or antibody-dependent
cellular cytotoxicity might be more active with intact effector
cells recovered after the completion of chemotherapy.

As shown in Table 1, according to the International Prognos-
tic Index (IPI), 96% of assessable patients (64/67) were catego-
rized as a low- or low-intermediate-risk group, and only 4%
(3/67) were categorized as a high-intermediate- or high-risk
group. As compared with IPI, FLIPI discriminated the three risk
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inotuzumab ozogamidn (CMC-544), an antibody-targeted chemo-
therapeutic agent composed of an anti-CD22 antibody conjugated
to calicheamicin, a potent cytotoxic antibiotic, specifically targets
the CD22 antigen present in >90% of B-lymphoid malignancies,
rendering it useful for treating patients with B-cell non-Hodgkin
lymphoma (B-NHL). This phase | study evaluated the safety,
tolerability, efficacy, and pharmacokinetics of inotuzumab
ozogamicin in Japanese patients. Eligible patients had relapsed or
refractory CD22-positive B-NHL without major organ dysfunction.
Inotuzumab ozogamicin was administered intravenously once
every 28days (dose escalation: 13 and 1.8 mg/m?. All 13
patients had follicular lymphoma, were previously treated with
21 rituximab-alone or rituximab-containing chemotherapy, and
were enrolled into two dose cohorts (1.3 mg/m?, three patients;
1.8 mg/m?, 10 patients). No patient had dose-limiting toxicities,
and the maximum tolerated dose, previously determined in
non-Japanese patients (1.8 mg/m?), was confirmed. Drug-related
adverse events (AEs) included thrombocytopenia (100%). leuko-
penia (92%), lymphopenia (85%), neutropenia (85%), elevated
AST (85%), anorexia (85%). and nausea (77%). Grade 3/4
drug-related AEs in 215% patients were thrombocytopenia
(54%), lymphopenia (31%), neutropenia (31%), and leukopenia
{15%). The AUC and Cpay of inotuzumab ozogamicin increased
dose-dependentiy with pharmacokinetic profiles similar to non-
Japanese. Seven patients had complete response (CR, 54%)
including unconfirmed CR, four patients had partial response
(31%). and two patients had stable disease (15%). The overall
response rate was 85% (11/13). Inotuzumab ozogamicin was well
tolerated at doses up to 1.8 mg/m? and showed preliminary
evidence of activity in relapsed or refractory follicular lymphoma
pretreated with rituximab-containing therapy, warranting further
investigations. This trial was registered in ClinicalTrials.gov
(NCT00717925). (Cancer Sci 2010; 101: 1840-1845)

he successful use of monoclonal antibodies (mAbs) in the

treatment of human diseases has been growing steadily
in the past decade. Rituximab, a human-mouse chimeric
anti-CD20, unconjugated antibody, was approved in 1997 in
the USA as the first mAb for antilymphoma therapy. It is
now most commonly used in combination with chemotherapy
for first and subsequent lines of therapy in B-cell non-
Hodgkin lymphoma (B-NHL). such as diffuse large B-cell
lymphoma (DLBCL) and follicular lymphoma (FL)."®
However, a subgroup of patients does not respond, and early
relapses occur in patients with initial response, thus indicating
rituximab resistance. This indicates a clear unmet need to

Cancer Sci | August2010 | vol. 101 | no.8 | 1840-1845

explore alternative antibodies non-cross resistant to rituximab
as a therapy for B-NHL. One alternative is inotuzumab
ozogamicin (CMC-544), an antibody-targeted chemotherapy
agent that specifically targets CD22. Inotuzumab ozogamicin
is composed of a recombinant engineered humanized IgG4
anti-CD22 antibody G544 conjugated to calicheamicin, a
potent cytotoxic antibiotic derivative.

CD22 is a potential therapeutic target for B-NHL because it
is expressed in >90% of B-NHL cells.® In addition, CD22 is
expressed in mature B cells, but not in their precursor or mem-
ory B cells, which may potentially minimize the adverse effect
of CD22-targeted treatment on long-term immune function.
Moreover, when antibodies bind to the CD22 antigen, the anti-
gen is internalized, that is it is not shed into the extracellular
environment.™

Both inotuzumab ozogamicin and unconjugated calicheami-
cin showed potent cytotoxic activity in vifro against CD22-posi-
tive B cells in preclinical studies.” In addition, the
unconjugated form of inotuzumab ozogamicin, G544, did not
demonstrate any antitumor activity in preclinical studies.”” Ino-
tuzumab ozogamicin inhibited the growth and the establishment
of B-cell lymphomas and induced the regression of large B-cell
Iymphomas in mouse xenograft models.'” Furthermore, in pre-
clinical models of disseminated B-NHL in which rituximab was
ineffective, treatment with inotuzumab ozogamicin lead to a
significant tumor regression and an improvement in survival.??
This potent cytotoxic activity in preclinical murine models of
B-cell llymphomas in which rituximab had failed as a therapeutic
agent'? establishes support for the clinical investigation of
inotuzumab ozogamicin for the treatment of CD22-positive
B-NHL.

A phase I dose escalation study was previously conducted in
the USA and the European Union in patients with relapsed
or refractory B-NHL (both FL. and DLBCL)."? In this study,
intravenous administration of the drug demonstrated clinical
activity in patients with relapsed or refractory B-NHL with clini-
cally manageable thrombocytopenia as the main toxicity. The
maximum tolerated dose (MTD) in this non-Jaganese patient
population was determined to be 1.8 mg/m° once every
4 weeks.

The objectives of the present study were to assess the safety,
toleralility, efficacy, and pharmacokinetics of inotuzumab
ozogamicin in Japanese patients with relapsed or refractory
B-NHL who had received prior treatment with rituximab.
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Materials and Methods

Study design. The present trial was an open-label multi-
center phase I study in which inotuzumab ozogamicin was
administered intravenously (IV) as a single agent to patients
with CD22-positive B-NHL once every 28 days (+2 days, 1
cycle) for at least four doses provided that the drug was well
tolerated with no evidence of progressive disease (PD). The pro-
tocol was approved by the Institutional Review Board of each
participating institution, and it conformed to the provisions of
the Declaration of Helsinki in 1995 (as revised in Tokyo, 2004).
All the patients gave written informed consent.

Patients. Patients were eligible for enrollment if they had a
diagnosis of CD22-positive B-NHL, according to the World
Health Organization (WHO) classification, version 3.9
Patients were included if they had progressed after at least one
prior chemotherapy regimen for indolent B-NHL, or after one or
two chemotherapy regiments, which included anthracyline or
anthraquinone for aggressive B-NHL. Other inclusion criteria
were age 220 and <75 years, a performance status of one or bet-
ter on the Eastern Cooperative Oncology Group Scale, life
expectancy >12 weeks, an absolute neutrophil count (ANC)
2>1.5 x 10°/L and platelet count 2100 x 10°/L, serum creatinine
<1.5 x upper limit of normal (ULN), urine protein-to-creatinine
ratio of <0.2, total bilirubin £1.5 x ULN, aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) 2.5 X ULN,
and at least one measurable lesion 21.5 cm in at least one
dimension by computer tomography (CT) at inclusion, in an
area of no prior radiation therapy, or clear progression in an area
that had been previously irradiated.

Dose escalation and toxicity criteria. Dose escalation deci-
sions were based on the toxicities observed in the first 28 days
after the administration of the first dose. Patients (three and 10
patients per cohort) could receive more than the four planned
doses of inotuzumab ozogamicin if they experienced at least sta-
ble dlsease and tolerated treatment. The starting dose was
1.3 mg/ m? administered IV once every 28 days, and dose esca-
lation was performed up to the MTD of 1.8 mg/m % administered
IV once every 28 days. Both the starting dose and the MTD
were based on information from a previous clinical trial."® The
dose escalation in subsequent cohorts was based on the toxicity
assessed in the first 28 days after the first dose. Dose escalation
continued until three or more patients in a cohort experienced a
dose-limiting toxicity (DLT).

A DLT was defined as any of the following that were at least
possibly related to inotuzumab ozogamicin during the first
28 days after the first dose: any grade 3 or 4 (National Cancer
Institute Common Terminology Criteria for Adverse Events [NCI
CTC], version 3.0) nonhematologic toxicity (except grade 3 alo-
pecia, nausea, or vomiting unless the patient was receiving opti-
mal medical therapy); febrile neutropenia (grade 4 ANC 23-day
duration and temperature 238.0 C); grade 4 ANC 27-day dura-
tion; grade 4 thrombocytopenia 23-day duration, or any bleeding
episode requiring platelet transfusion; or delayed recovery (to
grade 1 or baseline, except alopecia or grade 2 nausea or vomiting
unless the patient was receiving optimal medical therapy) from a
toxicity related to inotuzumab ozogamicin that delayed the initia-
tion of the next dose by more than 3 weeks. Patients who experi-
enced a DLT had the subsequent doses of inotuzumab
ozogamicin reduced by one dose level, the maximum allowed
dose reduction per patient. Patients who experienced toxicities
other than DLTs could receive additional doses of inotuzumab
ozogamxcm at the same dose if they met the following criteria:
recoveries to <grade | (nonhematologlc) or baseline tox1c1ty
except alopecia; ANC 21.5 X 10 °/L; platelet count 275 x 10%/L;
serum creatinine <1.5 X ULN, and urine protein-to-creatinine
ratio of €0.2. The maximum number of doses of inotuzumab ozo-
gamicin was 8 for 1.3 mg/m> and 7 for 1.8 mg/m2.

Ogura et al.

Pharmacokinetics. Timed blood samples for pharmacokinetic
analysis were collected for cycles 1-3 at 0 (pre-dose), 1, 4
(cycles 1 and 3 only), 24, 48, 120, 168, 216, 336, and 504 h rela-
tive to the start of infusion for each dosing period and at pre-
dose only for cycle 4. If the patient received four doses, then the
sample had to be drawn before cycle 5. The serum concentra-
tions of inotuzumab ozogamicin and total calicheamicin were
determined using a validated enzyme-linked immunosorbent
assay.

The noncompartmental pharmacokinetic parameters of ino-
tuzumab ozogamicin and total calicheamicin were estimated
using the WinNonlin (version 4.1) program. The parameters
which were determined included the following: end-of-infusion
peak concentration (Cp.x), area under the concentration-time
curve (AUCQC), clearance (CL), apparent steady-state volume of
distribution (Vg), and the terminal-phase elimination half-life
(t1/2).

safety. An AE was considered to be treatment emergent if its
onset occurred between the first and the last dose, plus a lag of
28 days provided the following criteria were met: (i) the AE
was not present before the start of the first dose and did not
occur in the patient as a chronic condition; (ii) the AE was pres-
ent before the start of the first dose or was part of the patient’s
medical history, but the severity or frequency increased after the
start of the first dose.

Efficacy. Patients were evaluable for efficacy if they received
22 doses of inotuzumab ozogamicin, had a baseline tumor CT
scan and had undergone at least one tumor assessment for
response after baseline assessment. In addition, patients with
documented PD prior to receiving two doses of inotuzumab ozo-
gamicin were considered evaluable for efficacy. Tumor response
was assessed according to the Internzmoual Workshop Response
Criteria for Non-Hodgkin Lymphoma.®* The overall response
rate (ORR) was defined as the percentage of patients meeting
the criteria for complete response (CR), unconfirmed complete
response (CRu), or partial response (PR). Stable disease (SD)
was measured from the start of the treatment until the criteria
for PD were met, taking as the reference the smallest measure-
ments recorded since the initiation of treatment.

Statistical analysis. The sample size for this study was deter-
mined by clinical rather than statistical considerations. The
probabilities of detecting at least one AE of grade >3 with six
patients receiving inotuzumab ozogamicin were 0.469, 0.822,
and 0.984 when the true rates were 0.10, 0.25, and 0.50, respec-
tively. The probabilities of detecting at least one such event in
10 patients receiving treatment were 0.651, 0.944, and 0.999,
respectively.

With cohort sizes of three to six patients, if the true underly-
ing rates of DLT were 0.1, 0.2, 0.3, 0.4, and 0.5, there would be
a 0.985, 0.905, 0.754, 0.558, and 0.359 chance, respectively, of
escalating to the next full dose. The ORR was estimated using
an exact confidence interval (CI) approach.

Results

Patients. From March 2007 to July 2008, a total of 13
patients were enrolled in the study; three panents enrolled in the
1.3 mg/m? dose cohort and 10 patients in the 1.8 mg/m* dose
cohort. The summary of demographic and other baseline charac-
teristics for all patients is presented in Table 1. There were
seven males and six females, all with a median age of 49 years
(range, 43-72 years). All 13 patients had FL. The median num-
ber of prior treatment regimens was 1 (range, 1-13). All 13
patients had previous rituximab treatment (monotherapy or in
combination with chemotherapy). Patients were categorized in
low (38.5%), intermediate (42%), and high (15%) risk groups
according to Folhcular Lymphoma International Prognostic
Index (FLIPI)
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Table 1. Demographic and baseline characteristics, safety population

Inotuzumab ozogamicin treatment

Characteristics 13mg/m?> 1.8 mg/m? Total
(n=3) (n=10) (n=13)

Median age, years (range) 57 (51-66) 48 (43-72) 49 (43-72)
Sex, n (%)

Female 2 (67) 4 (40) 6 (46)

Male 1(33) 6 (60) 7 (54)
ECOG performance status, n (%)

0 3 (100) 10 (100) 13 (100)
Primary diagnosis, n (%)

Follicular lymphoma 3 (100) 10 (100) 13 (100)
FLIPI risk groups, n (%)

Low 2 (67) 3 (30) 5 (39

Intermediate 1(33) 5 (50) 6 (46)

High 0 2 (20) 2 (15)
Number of prior chemo-/immunotherapy regimens, n (%)

1 2 (67) 6 (60) 8 (62)

2 0 0 0

3 0 1(10) 1(8)

24 1(33) 3 (30) 4 (31)

ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular
Lymphoma International Prognostic index.

Safety. In dose escalation, no patients had DLTs, and the
MTD prevmusly determined in non-Japa.nese patients
(1.8 mg/m ) was confirmed for Japanese patients in this study.
The most common drug-related AEs were thrombocytopenia
(100% patients); leukopenia (92%); neutropenia, elevated AST,
anorexia, and lymphopenia (85%, each); elevated blood fibrino-
gen (69%); nausea (77%); elevated ALT, elevated alkaline phos-
phatase, and decreased hemoglobin (54%, each); malaise,
elevated blood bilirubin, and headache (46%, each; Table 2(a)).

A summary of drug-related grade 3 or higher AEs is shown in
Table 2(b). At least one drug-related grade >3 AEs was reported
in nine of the 13 (69%) patients. Drug-related grade =3 AEs
were thrombocytopenia (7 patients, 54%), lymphopenia and
neutropenia (4, 31% each), leukopenia (2, 15%), and elevated
blood bilirubin and hypokalemia (1, 8% each). Although nexther
lymphopenia nor leukopenia was reported for the 1.3 mg/m
cohort, the overall incidence of drug-related grade 23 AEs was
comparable between the two cohorts. There were no patients
who died during the study.

A total of four pauents experienced dose delays, one (33%)
patient in the 1.3 mg/m? cohort and three (30%) patients in the
1.8 mg/m? cohort (Table 3). Each had one delay. The AEs lead-
ing to dose delays were neutropenia (3 patients, 3%) and
thrombocytopenia (2, 15%). Two (20%) patients in the
1.8 mg/m’ cohort had one dose reduction (Table 4). Adverse
events (AEs) leading to the dose reduction were thrombocytope-
nia and pleural effusion (1 patlent, 8% each). There were no
dose reductions in the 1.3 mg/m cohort.

Seven patients discontinued treatment due to AEs: one patient
because of grade 2 rash, one patient because of grade 2 urticaria,
and five patients because of AEs that required treatment delays
of >3 weeks (two patients with prolonged thrombocytopenia,
one patient with prolonged thrombocytopenia and neutropenia,
one patient with neutropenia and elevated alkaline phosphatase,
and one patient with prolonged neutropenia and elevated total
bilirubin).

Pharmacokinetics. Pharmacokinetic data after the first dosing
were obtained for all 13 patients. The two patients who received
1.8 mg/m’ inotuzumab ozogamicin and had a dose reduction
after cycle 1 were excluded from pharmacokinetic assessments
for cycle 2 and thereafter. The mean + SD serum concentrations
of inotuzumab ozogamicin and total calicheamicin versus time

1842

Table 2. Inotuzumab ozogamicin-related adverse events, (a) all
grades in 24 patients (b) grades 23

Inotuzumab ozogamicin treatment

Adverse event, n (%) 1.3mg/m* 18mg/m* Total
(n=13) (n=10) (n=13)

(a) all grades in 24 patients
Thrombocytopenia 3 (100) 10 (100) 13 (100)
Leukopenia 3 (100) 9 (90) 12 (92)
Lymphopenia 3 (100) 8 (80) 11 (85)
Neutropenia 3 (100) 8 (80) 11 (85)
Aspartate aminotransferase 3 (100) 8 (80) 11 (85)
increased
Anorexia 3 (100) 8 (80) 11 (85)
Nausea 3 (100) 7 (70) 10 (77)
Blood fibrinogen increased 2 (67) 7 (70) 9 (69)
Alanine aminotransferase 1(33) 6 (60) 7 (54)
increased
Blood alkaline phosphatase 1(33) 6 (60) 7 (54)
increased
Hemoglobin decreased 1(33) 6 (60) 7 (54)
Malaise 3 (100) 3 (30) 6 (46)
Blood bilirubin increased 2(67) 4 (40) 6 (46)
Headache 2 (67) 4 (40) 6 (46)
Constipation 1(33) 4 (40) 5(39)
Influenza 1(33) 4 (40) 5(39)
Blood lactate dehydrogenase 2(67) 3(30) 5 (39)
increased
Fibrin D dimer increased 0 5 (50) 5(39)
Hyperglycemia 1(33) 4 (40) 5(39)
Stomach discomfort 1(33) 3 (30) 4 (31)
Fatigue 0 4 (40) 4(31)
Hypercholesterolemia 1(33) 3(30) 4 (31)
Hypokalemia 2 (67) 2 (20) 4(31)
Somnolence 2 (67) 2 (20) 4 (31)
Epistaxis 0 4 (40) 4(31)
Rash 1(33) 3 (30) 4(31)

(b) grades 23
Thrombocytopenia 2 (67) 5 (50) 7 (54)
Lymphopenia 0 4 (40) 4 (31)
Neutropenia 1(33) 3(30) 4(31)
Leukopenia 0 2 (20) 2 (15)
Blood bilirubin increased 1(33) 0 1(8)
Hypokalemia 1(33) 0 1(8)

Table 3. Number (%) of patients reporting adverse events leading
to dose delays, safety population

Inotuzumab ozogamicin treatment
Parameter, n (%)

1.3 mg/m?* 1.8 mg/m? Total
(n=3) (n = 10) (n=13)
No. of patients with dose delays

No dose delays 2 (67) 7 (70) 9 (69)

One or more dose delays 1(33) 3 (30) 4 (31)
No. of dose delays per patient*

One 1 (100) 3 (100) 4(31)
Any adverse event leading to 1(33) 3 (30) 4 (31)
dose delayt

Neutropenia 1(33) 2 (20) 3 (23)

Thrombocytopenia 1(33) 1(10) 2 (15)

*Percentages are based on number of patients with 21 inotuzumab
ozogamicin dose delay in each treatment group. tTotals at a higher
level are not necessarily the sum of those at the lower levels since a
patient was able to report two or more different adverse events
within the higher level category.

doi: 10.1111/].1349-7006.2010.01601.x
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Table 4. Number (%) of patients reporting adverse events leading
to dose reduction, safety population

Inotuzumab ozogamicin
treatment

Parameter, n (%)

1.3 mg/m?* 18mg/m? Total
(n=3) (n=10) (n=13)
No. of patients with dose reductions

No dose reductions 3 (100) 8 (80) 11 (85)

One or more dose reductions 0 2 (20) 2(15)
No. of dose reductions per patient*

One 0 2 (100) 2(15)
Any adverse event leading to dose 0 2 (20) 2 (15)
reductiont

Thrombocytopenia 0 1(10) 1(8)

Pleural effusion 0 1(10) 1(8)

*Percentages are based on number of patients with 21 dose reduction
in each treatment group. tTotals at a higher level are not necessarily
the sum of those at the lower levels since a patient was able to report
two or more different adverse events within the higher level

category.

for patients who received 1.8 mg/m’® are shown in Figures 1
and 2, respectively. The peak concentration of inotuzumab 0zo-
gamicin was generally observed at or shortly after the termina-
tion of infusion with moderate intersubject variability. The peak
total calicheamicin concentrations were observed typically
within 4 h after the start of inotuzumab ozogamicin infusion
with small intersubject variability.

The mean pharmacokinetic parameters for inotuzumab ozo-
gamicin and total calicheamicin are shown in Tables 5 and 6,
respectively. The AUC of inotuzumab ozogamicin tended to
increase with increased dose and period. The t,,2 was prolonged
with repeated treatment cycles. These were reflected by substan-
tial decreases in clearances.

The mean total calicheamicin Cyax appeared to increase with
dose. The AUC of total calicheamicin increased with increased
dose and period. No antibodies to inotuzumab ozogamicin were
detectable in patients’ serum during the course of the study. The
pharmacokinetics data indicate that the disposition of ino-
tuzumab ozogamicin and total calicheamicin following IV treat-
ment was nonlinear with dose or number of doses.

Efficacy. The best tumor response is presented in Table 7.
Antitumor_ activity was observed at both dose levels. In the
1.3 mg/m*® cohort, two out of three patients had CR, and one
patient had CRu for an ORR of 100% (95% CI, 29-100%). In
the 1.8 mg/m® cohort, one out of 10 patients had CR, three
patients had CRu, and four patients had PR for an ORR of 80%
(95% CI, 44-98%).

Table 5. Serum pharmacokinetic parameters of inotuzumab ozogamicin

100“]
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=0= 1.8 mg/m* cycle 2
== 1.8 mg/m* cycie 3
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Fig. 1. Mean (SD) serum concentrations of inotuzumab ozogamicin
after 1.8 mg/m? infusion of inotuzumab ozogamicin once every
4 weeks. Closed circle, cycle 1 (day 1. n = 10); open circle, cycle 2 (day
29, n = 8); closed triangle, cycle 3 (day 57, n = 5).

1000 §
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Fig. 2. Mean (SD) serum concentrations of total calicheamicin after
1.8 mg/m? infusion of inotuzumab ozogamicin once every 4 weeks.
Closed circle, cycle 1 (day 1, n = 10); open circle, cycle 2 (day 29,
n = 8); closed triangle, cycle 3 (day 57, n = 5).

Discussion

To improve the clinical outcome of patients with B-NHL who
were pretreated with rituximab or rituximab-containing regi-
mens, a number of new agents including antibodies, small mole-

Treatment Number

Cmax (Ng/mL)

1,2 (h) AUC (ng h/mL) CL(L/h)

Dose (Once/4 weeks) Day (n) of eyches (%) %) (%) (%) Vs (L) (%)
1.3 mg/m? 1(3) 1 463 (8) NC NC NC NC
29 (3) 2 610 (17) 29.7 (30) 24166 (29) 0.08 (32) 3.27 (11)
57 (3) 3 524 (18) 43.6 (18) 31642 (21) 0.06 (22) 3.79 (12)
1.8 mg/m? 1(10) 1 657 (41) 13.0 (30) 14266 (32) 0.24 (40) 4.06 (21)
29 (8) 2 727 27) 35.8 (43) 34518 (46) 0.11 (54) 4.40 (20)
57 (5) 3 763 (20) 44.0 (32) 39677 (41) 0.09 (56) 4.89 (19)

Data are expressed as mean, and percent coefficient of variance
CL, clearance; Cmax Peak concentration; NC, not calculated; 14,2,
distribution.

Ogura et al.

is expressed in parentheses. AUC, total area under the concentration-time curve;
terminal-phase elimination half-life (0.693/A2); V., steady-state volume of

Cancer Sci | August2010 | vol. 101 | no.8 | 1843
© 2010 Japanese Cancer Association

-114 -



Table 6. Serum pharmacokinetic parameters of total calicheamicin

Treatment Number Crnax (Ng/mL) t1,2(h) AUC (ng h/mL) CL (L/h)
Dose (Once/4 weeks) Day (n) of cycles (%) (%) (%) (%) Vas (1) (%)
1.3 mg/mz 1(3) 1 44.6 (17) 17.0 (39) 987 (44) 2.35 (58) 49.44 (13)
29 (3) 2 52.4 (22) 150.6 (45) 5754 (40) 0.38 (48) 62.86 (30)
57 (3) 3 56.6 (26) 216.3 (55) 8060 (37) 0.27 (43) 60.17 (25)
1.8 mg/m2 1(10) 1 59.0 (31) 49.6 (77) 2329 (51) 1.61 (54) 72.3 (28)
29 (8) 2 59.4 (15) 162.4 (34) 7100 (48) 0.54 (62) 89.18 (41)
57 (5) 3 78.2 (15) 172.7 (48) 9225 (32) 0.37 (44) 68.37 (26)

Data are expressed as mean, and percent coefficient of variance is expressed in parentheses. AUC, total area under the concentration-time curve;
CL, clearance; Cmax, peak concentration; NC, not calculated; t1,2, terminal-phase elimination half-life (0.693/A2); V., steady-state volume of

distribution.

Table 7. The best tumor response during treatment: number (%) of
patients in efficacy population

Inotuzumab ozogamicin treatment

Best tumor response 13 mg/m2 1.8 mg/mz Total
(n=3) (n=10) (n=13)
CR, CRu 3 (100) 4 (40) 7 (54)
PR 0 4 (40) 4(31)
OR 3 (100) 8 (80) 11 (85)
SD 0 2 (20) 2 (15)

CR, complete response; CRu, unconfirmed complete response; OR,
overall response (CR + CRu + PR); PR, partial response; SD, stable
disease.

cule, targeted agents, and chemotherapeutic drugs have been
developed. However, new treatment modalities with improved
toxicity profiles and better responses are needed. Inotuzumab
ozogamicin (CMC-544), an antibody-targeted chemotherapy
agent, has demonstrated an acceptable toxicity profile and high
activity against relapsed or refractory patients with FL. who were
pretreated with rituximab or rituximab-containing treatment.

In a recent phase I, multicenter, open-label, dose escalation
study of inotuzumab ozogamicin administered IV as a single
agent in the USA and the European Union, inotuzumab ozogam-
icin was found to be reasonably well-tolerated with the MTD of
1.8 mg/m® administered every 4 weeks and with the major tox-
icity of grade 3 or greater thrombocytopenia, which was man-
ageable with careful monitoring and platelet transfusion.
Response rates of 69% in patients with FL and 33% in patients
with DLBCL in the expanded cohort of this trial were
observed.?

In the present phase I dose escalation study in Japanese
patients with relapsed or refractory FL, who were pretreated with
rituximab, the MTD of inotuzumab ozogamicin was determined
1o be 1.8 mg/m> administered once every 28 days, a value that
was the same as that observed for non-Japanese patients.

Most common inotuzumab ozogamicin related adverse events
were thrombocytopenia, leukopenia, lymphopenia, neutropenia,
elevated AST, anorexia, and nausea, a finding that was very sim-
ilar to the non-Japanese study. Adverse events (AEs) leading to
dose delays were neutropenia and thrombocytopenia.

The pharmacokinetic profiles of inotuzumab ozogamicin and
total calicheamicin indicated that disposition was non-linear and
was associated with increases in drug exposure with increasing
dose or number of doses. The pharmacokinetic profiles of ino-
tuzumab ozogamicin and total calicheamicin in Japanese
patients were similar to the values for non-Japanese patients.
The study population was very limited, thus no definite conclu-
sion can be made for Japanese patients. However nonlinearities
in drug disposition are known for antibodies*® and had been

observed previously for gemtuzumab ozogamicin.’” Saturable
binding with target antigen is thought to influence antibody
disposition, potentially leading to nonlinear distribution and
elimination.

Potent antitumor activity for motuzumab ozogamicin was
observed at both the 1.3 and 1.8 mg/m® dose levels. In the
1.3 mg/m* cohort, all three panents had CR or CRu for an
ORR of 100%. In the 18mg/m cohort, one out of 10
patients had CR. three patients had CRu, and four patients
had PR for an ORR of 80%. Although the number of
patients was limited, our preliminary ORR was greater in
comparison to other reported antibody-based agents in the
treatment of patients with FL and prior exposure to ritux-
imab-containing regimens. For example, in a recent phase
V1l study, veltuzumab, a humanized second-generation anti-
CD20 monoclonal antibody, was reported to have an ORR of
44%.® In another phase I/1I, single-agent, dose escalation

study, galiximab, an ann-CDSO antibody, demonstrated an
ORR of only 11%.% Fludarabine phosphate, one of the
most effective drugs in the treatment of indolent B-NHL had
an ORR of 65%, when administered as a single agent.’

The FLIPI scores in this study were good predictors of favor-
able outcome. Of the five patients who had low scores (low risk)
two demonstrated CR, two had CRu, and one had PR. Of the six
patients who had intermediate scores, one had CR, two had
CRu, one had PR, and two had SD. The two patients with high
FLIPI scores demonstrated only PR.

In conclusion, the results from this phase I study suggest that
inotuzumab ozogamicin is safe, well tolerated, and shows prom-
ising efficacy in Japanese patients with relapsed or refractory FL
pretreated with rituximab-containing therapy. In addition, phar-
macokinetics and efficacy in this study are comparable with
those in preceding studies in non-Japanese patients. These
results therefore warrant further investigation of inotuzumab
ozogamicin in relapsed or refractory B-NHL.
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