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Abstract: Peripheral T cell lymphoma (PTCL) has a poor prognosis. Overexpression of
vascular endothelial growth factor (VEGF) might contribute to the poor prognosis of PTCL and
could be the target of novel therapy. The efficacy and safety of recombinant human endostatin
(Endostar) in combination with cyclophosphamide, doxorubicin, vincristine and prednisone
(ECHOP) have been explored in 15 PTCL patients. The objective response rate was 80%, with
53.3% patients having achieved complete response (CR) rate. The CR rate was 100% (3/3) in
angioimmunoblastic T cell lymphoma (AITL) patients compared to only 36.4% (4/11) in PTCL
not otherwise specified (PTCL-NOS) patients. With a median follow-up of 69 months, the 5-year
progression-free survival and overall survival (OS) were 53% and 60%, respectively. The 5-year
OS was 100% in AITL but was only 45% in PTCL-NOS. Seven out of 11 patients showed
overexpression of VEGFR2 in their tumor vessels and had a better efficacy than those with
low expression of VEGFR2. Grade 3 or 4 neutropenia is the most common toxicity observed.
ECHOP was safe and might display potential benefit in AITL patients.

Keywords: peripheral T cell lymphoma, recombinant human endostatin, VEGFR2, safety,

efficacy, prognosis

Introduction

Peripheral T cell lymphomas (PTCL) are highly heterogeneous diseases with several
distinct and provisional entities. Of these, PTCL not otherwise specified (PTCL-NOS),
angioimmunoblastic T cell lymphoma (AITL) and anaplastic large cell lymphoma
(ALCL) that is ALK positive or ALK negative are the most common aggressive PTCL
subtypes. PTCL accounts for 10%—15% of non-Hodgkin’s lymphoma (NHL) and the
prevalence varies geographically. The incidence of PTCL is higher in East Asia than
in Western countries.'?

The optimal treatment for patients with aggressive PTCL remains uncertain. CHOP
(cyclophosphamide, doxorubicin, vincristine and prednisone) regimen is still the first-
line treatment choice. The prognosis of PTCL is poor and the 5-year overall survival
is approximately 38.5%.> Incorporating novel targeted agents into the therapeutic
regimens are encouraged to improve the outcome of patients with PTCL.

Angiogenesis plays an important role in tumor development and progression.
The vascular endothelial growth factor (VEGF) is one of the most potent inducers
of angiogenesis by stimulating endothelial cell proliferation.* VEGF and its recep-
tors are frequently expressed in NHL and strongly expressed in PTCLs, especially in
AITL.>¢ Higher levels of VEGF expression also have been reported to be associated
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with resistance to chemotherapy and poor prognosis.”®
Integrating anti-angiogenesis therapy with CHOP regimen
may improve the survival of PTCL patients.

Endostatin, a fragment of collagen XVIII, is an endo-
genous inhibitor of angiogenesis. It suppresses angiogen-
esis through multiple pathways: by suppressing cell cycle
control and anti-apoptosis genes expression,’ by blocking
pro-angiogenic gene expression controlled by c-Jun N
terminal kinase,'® by inhibiting the signaling pathways
of Ras and Raf kinases and decreasing ERK-1 and p38
activity,'" and by blocking the VEGF downstream targets
by direct interaction with vascular endothelial growth fac-
tor receptor 2 (VEGFR2) in endothelial cells.'>!* It was also
identified that endostatin could inhibit tumor endothelial
cell proliferation and tumor growth.'* A phase III study has
shown that recombinant human endostatin (Endostar) in
combination with NP (vinorelbine plus cisplatin) regimen
significantly improved the response rate and the median time
to tumor progression compared with NP alone in advanced
non-small-cell lung cancer patients.'> Recombinant human
endostatin has been approved by the China Food and Drug
Administration for advanced lung cancer. Studies have
also revealed the synergistic effects of recombinant human
endostatin when combined with chemotherapy for advanced
breast cancer, gastric cancer, colorectal cancer and metastatic
melanoma.'*?° However, clinical evaluation of recombinant
human endostatin for PTCL has not been reported.

The purpose of this study was to determine the efficacy and
safety of recombinant human endostatin in combination with
CHOP regimen (ECHOP) for PTCL patients (ClinicalTrials.
gov; Identifier: NCT00974324). The study and the study
protocol were approved by the institutional review board of
Fudan University Shanghai Cancer Center.

Materials and methods

Eligibility and ineligibility

Newly diagnosed PTCL patients, aged 18—75 years old,
were eligible for this study, excluding patients with ALK-
positive ALCL, natural killer/T cell lymphoma, primary
cutaneous T-cell lymphomas (mycosis fungoides and Sézary
syndrome) and primary cutaneous ALCL. All patients had
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) of 0-2 and adequate hepatic, renal and
hematologic functions. Patients had at least one measurable
target lesion. Patients with left ventricular ejection fraction
less than 50%, which was evaluated by echocardiogram at
baseline, were excluded. Patients with a history of severe
heart disease, uncontrolled hemorrhage or infection were

also excluded. Formalin-fixed, paraffin-embedded tissue
sections were collected if available. All patients signed an
informed consent.

Treatment and response evaluation
Patients received 68 cycles of ECHOP. Recombinant human
endostatin (supplied by Shandong Simcere-Medgenn Bio-
Pharmaceutical Co. Ltd) was administrated with 7.5 mg/m?
on days 2—15 intravenously, every 3 weeks. CHOP (cyclo-
phosphamide 750 mg/m? dl; doxorubicin 50 mg/m? dl;
vincristine 1.4 mg/m? [max. 2 mg] dl; prednisone 100 mg
orally daily on days 1-5) was administered every 3 weeks.
Response evaluation was performed by computed tomo-
graphy scan for every 2 cycles. Patients received additional
24 cycles when they achieved complete response (CR) or
partial response (PR) after 4 cycles of ECHOP. Response
criteria were based on the International Workshop to
Standardize Criteria for non-Hodgkin’s lymphomas.?!
After the completion of therapy, patients were followed up
every 3 months for the first 2 years, then every 6 months
for 3 years.

Immunohistochemistry and score for
VEGFR2

Immunohistochemical staining for VEGFR2 (Cell Signaling
Technology, Beverly, MA, USA) in tumor vessels was
performed on formalin-fixed, paraffin-embedded tissue sec-
tions using a standard Envision technique procedure (Dako).
Negative control was performed by replacing the primary
antibody with isotype IgG.

Protein expression levels were scored semi-quantitatively
based on staining intensity (SI) and distribution using the
immunoreactive score (IRS). Briefly, IRS = SI x PP (per-
centage of positive cells). SI was determined as O=negative;
1=weak; 2=moderate and 3=strong. PP was defined as follows:
1, <25%; 2, 25%-50%; 3, 50%—75% and 4, 75%—100% posi-
tive cells. IRS >4 was referred to as overexpression.

Statistical analysis

This study was a single-center, one-arm and prospective
Simon 2-stage phase-II clinical trial.?? The primary endpoints
were objective response rate (ORR) and safety and the
secondary endpoints were progression-free survival (PFS)
and overall survival (OS). Previous studies have shown a
conservative ORR of 60% for PTCL patients who received
CHOP regimen. To achieve an improvement of response
rate from 60% to 75% with the addition of recombinant
human endostatin, 66 patients were required to providing
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80% power at an overall 5% significance level (2-sided, with
an alpha level of 0.05). In Simon’s first stage, 15 patients
were enrolled. If the response rate is 75% or higher, then
the second stage has to enroll additionally 79 patients (to
ensure that 66 patients are available for evaluation). If the
response rate is less than 75% in the first stage, then the study
has to be stopped. The statistical analysis was performed
using SPSS version 13.0 (IBM, Chicago, IL, USA). Median
durations of PFS and OS were calculated using the Kaplan—
Meier method, and comparisons between cohorts were made
using log-rank tests. All statistical tests were 2-tailed, with
significance defined as P<<0.05.

Results

A total of 15 patients were enrolled between August 2009 and
May 2010. The data cutoff for this analysis was September 30,
2015. Central pathological review was performed in all
patients. Among the 15 patients, 11 were confirmed to be
PTCL-NOS patients, 3 to be AITL patients and 1 to be ALCL,
ALK-negative patient. Eleven patients had International
Prognostic Index (IPI) score of 0—1. Detailed patient charac-
teristics are listed in Table 1.

Of the 15 patients, 12 patients (80%) responded to
ECHOP, among whom 53.3% patients (8/15) achieved
CR and 26.7% patients (4/15) achieved PR. One patient
was evaluated with stable disease (SD) after 2 cycles and
2 patients had progression disease (PD) during treatment.
One patient with PR after 4 cycles withdrew from the study
and received salvage therapy. When the response rate was
analyzed by histological subtypes, all the 3 patients with

Table | Patients characteristics (n=15)

AITL showed CR, whereas in patients with PTCL-NOS only
4 of the 11 (36.4%) showed CR. As the CR rate was low in
PTCL-NOS (the most common subtype) patients, stage-2
recruitment was halted, even though the criteria to continue
stage 2 were met.

With a median follow-up of 69 (10-75) months, 7 disease
progression events were observed. Two patients progressed
at the time of chemotherapy, 2 patients progressed during
salvage therapy and 3 patients relapsed during the follow-up
period. The estimated 3- and 5-year PFS rates were 60% and
53%, respectively. Six patients died, all due to disease pro-
gression. The estimated 3- and 5-year cumulative OS were
67% and 60%, respectively (Figure 1A and B).The 5-year
PFS and OS for the 11 PTCL-NOS patients were 36% and
45%, respectively (Figure 1C and D). It was noteworthy that
all of the 3 AITL patients were alive without any disease
progression.

The expression of VEGFR?2 in tumor vessels (Figure 2)
was detected in 11 patients (9 PTCL-NOS and 2 AITL
patients) whose paraffin sections were available. As shown
in Table 2, 7 patients showed VEGFR2 overexpression with
the highest overexpression found in 2 AITL patients. Among
these 7 patients, 5 patients achieved CR and 2 achieved PR
with 5-year PFS and OS of 71% and 86%, respectively. In
contrast, 2 of the 4 patients with VEGFR2 low expression
developed progression disease and the 5-year PFS and OS
were both 25% (Figure 1E and F).

The adverse events are listed in Table 3. Hematologi-
cal toxicity was the most common adverse event. Grade 3
or 4 neutropenia occurred in 86.7% (13/15) patients and

No Subtype Gender Age Stage B symptoms ECOG Elevated Extra-nodal I[Pl Score Efficacy
Performance LDH Site >1
| AITL M 6l | No | No No | CR
2 ALCL (ALK negative) M 55 Il No 0 No No 0 CR
3 PTCL-NOS F 54 LI} Yes 0 No No | CR
4 AITL M 69 1] Yes 0 No No 2 CR
5 PTCL-NOS M 39 1] Yes 0 No No | PR
6 PTCL-NOS M 65 1 Yes 0 No No 2 PD
7 PTCL-NOS M 53 1 Yes | No No | PR
8 PTCL-NOS M 57 Il Yes 0 No No 0 CR
9 AITL F 63 Il No 0 No No | CR
10 PTCL-NOS M 58 Il No 0 No No 0 SD
I PTCL-NOS M 47 | No 0 No No 0 PD
12 PTCL-NOS M 46 I\ No 0 Yes Yes 3 PR
13 PTCL-NOS M 43 1] No | No No | PR
14 PTCL-NOS M 48 Il No 0 No No 0 CR
I5  PTCL-NOS F 6l 1] No 0 No No 2 CR

Abbreviations: AITL, angioimmunoblastic T cell lymphoma; ALCL, anaplastic large cell lymphoma; IPI, International Prognostic Index; LDH, lactate dehydrogenase; PTCL,
peripheral T cell lymphoma; NOS, not otherwise specified; CR, complete response; PR, partial response; SD, stable disease.
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Figure | Outcomes of patients treated with ECHOP (Recombinant human endostatin in combination with CHOP regimen).
Notes: (A) Progression-free survival (PFS); (B) overall survival (OS); (C) PFS based on histology; (D) OS based on histology; (E) PFS based on VEGFR2 expression; (F) OS
based on VEGFR2 expression.

Abbreviations: PTCL, peripheral T cell lymphomas; NOS, not otherwise specified; AITL, angioimmunoblastic T cell ymphoma; VEGFR?2, vascular endothelial growth factor

receptor 2.
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Figure 2 The expression of VEGFR2 in tumor vessels.

TR B
Lt L -‘h':‘;:n. AR
t: & »9“' y

et o
St S

Notes: (A) Overexpression of VEGFR2 in tumor vessel with brown stain (magnification X200) and (B) lower expression of VEGFR2 in tumor vessels with dark yellow stain

(magnification x200).
Abbreviation: VEGFR2, vascular endothelial growth factor receptor 2.

febrile neutropenia in 26.7% (4/15) patients. Two patients
presented second primary tumors: one diagnosed as rectal
cancer 6 months after the completion of chemotherapy and
another diagnosed as gray zone lymphoma with features
intermediate between diffused large-B-cell lymphoma and
classic Hodgkin’s lymphoma 4 years after the completion of
chemotherapy. No patient showed heart failure of any grade
defined as per the New York Heart Association (NYHA)
Functional Classification. No hypertension, proteinuria or
hemorrhage was observed in this study.

Discussion

Currently the survival of PTCL is still dismal when treated
with conventional anthracycline-based chemotherapy. The
overexpression of VEGF and its receptors in PTCLs com-
pared with B-cell lymphoma promotes the incorporation of
anti-angiogenesis drugs into traditional regimens to improve
the outcome. The feasibility of ECHOP was explored for

PTCL in the present study. The ORR of the 15 patients
enrolled in this study was 80% with a CR rate of 53.3%.
With a median follow-up of 69 months, the 5-year PFS and
OS were 53% and 60%, respectively. Our result is slightly
better than the results obtained when the patients were treated
with CHOP-like regimens in terms of 5-year OS, which was
35%-48% in early prospective studies.*** In ECOG 2404
study, bevacizumab, an anti-VEGF monoclonal antibody,
when combined with CHOP regimen (ACHOP) showed an
overall response rate of 90% in PTCL patients. However,
high response rate under ACHOP treatment failed to trans-
form into favored PFS or OS the 3-year PFS was 16% and
OS was 37%.%

A better OS rate observed in this study is mostly due to
the favorable response and survival of AITL patients treated
with ECHOP. All of the 3 AITL patients achieved CR and

Table 3 Toxicity (n=15)

Grade I/l Grade IIl/IV

Table 2 VEGFR2 expression and outcomes N % N %
Patient  Score Subtypes Efficacy Progress Survival Hematologic parameters
number  (IRS) Neutropenia 2 13.3 13 86.7

Febrile neutropenia 0 0 4 26.7
9 10 AITL CR No Yes Anemia 0 66.7 0 0
4 8 AlTL CcR No Yes Thrombocytopenia | 6.7 0 0
4 8 PTCL-NOS — CR No Yes Nonhematologic parameters
5 8 PTCL-NOS PR No Yes Fatigue 5 333 0 0
3 6 PTCL-NOS CR Yes Yes Vomiting 5 333 0 0
8 6 PTCL-NOS CR No Yes Diarrhea 4 26.7 o 0
12 6 PTCL-NOS PR Yes No Headache 4 26.7 o 0
> 4 PTCL-NOS R Tes No Chest tightness 2 133 0 0
7 4 PTCL-NOS PR No Yes Fever 5 133 o 0
6 4 PTCL-NOS PD Yes No Constipation ) 133 o 0
I 4 PTCL-NOS PD Yes No Infection | 67 0 0
Abl);e\;i.a(t:i':ns: P;I'(t:L, periph?r’:IIT:' ce-II ‘ Iympho;rlla;t‘ NTOS.II Inot: :ther:v;l:: Neurotoxicity | 6.7 0 0
isr'r)\en:LLeor:eact,ivceo::zree;eP:Sg:rr::l‘ respo‘nzz.glmmmuno e e o T Aminotransferase abnormality I 67 0 0
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the 5-year PFS and OS were both 100%, whereas the 5-year
OS is only 45% in PTCL-NOS patients. This is consistent
with the ECOG 2404 study, in which the 1-year PFS and
OS of AITL (57% and 88%) were favorable compared with
PTCL-NOS patients (15% and 67%).

AITL is characterized by a prominent proliferation of
endothelial vessels caused by overexpression of VEGF
and its receptors in the vascular endothelial cells. This
high vascularity might attribute to a worse prognosis under
anthracycline-based chemotherapy,??’ the 5-year OS of
AITL being only 33%—41%.253! Combined anti-angiogenesis
drug with conventional chemotherapy may improve the
survival of AITL patients.

VEGFR2, a downstream receptor of VEGF, was overex-
pressed in AITL patients.?? In our study, 2 AITL patients had
the strongest VEGFR2 expression in tumor vessels. VEGFR2
can be a target in AITL therapy and anti-VEGFR?2 antibody or
VEGFR?2 inhibitors have already been used in clinical studies
and practice. They had attenuated tumor angiogenesis and
inhibited the tumor growth,**3* and had a synergistic effect
with chemotherapy.**3¢ Recombinant human endostatin also
can exert anti-angiogenic activity by directly interacting with
VEGFR2 of endothelial cells." It might contribute to good
efficacy when combined with anthracycline-based regimen in
AITL with VEGFR2 overexpression. Two AITL patients in
this study both achieved CR and had a longer survival and the
PTCL patients with VEGFR2 overexpression had a favorable
outcome as well. As only a small number of patients were
included in our study, further investigation is encouraged for
AITL subtype to confirm this hypothesis.

The most common toxicities of ECHOP found were hema-
tological toxicities, which was comparable to that of CHOP
alone. There were no hypertension, hemorrhage or thrombosis,
common toxicities of anti-angiogenesis drugs,’” reported
in our study. No hand and foot syndrome was observed,
which was a common adverse event of small-molecule anti-
angiogenesis drugs sunitinib and sorafenib.?’-*

Cardiac toxicity was not reported in our study. However,
bevacizumab combined with CHOP was associated with
excess cardiac toxicity in ECOG 2404 study, which resulted
in the discontinuation of treatment in some patients.?

Conclusion

In conclusion, recombinant human endostatin in combina-
tion with CHOP regimen did not increase the survival rate
in PTCL-NOS patients, but displayed a potential benefit
in AITL patients with VEGFR2 overexpression. ECHOP
regimen was tolerable and showed similar safety profile

compared with CHOP. Further investigations of recombinant
human endostatin in combination of chemotherapy with
CHOP or other regimens are suggested for AITL patients as
first- or second-line therapy, along with VEGFR?2 detection
as a biomarker.
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