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Purpose: Treatment options for relapsed or refractory diffuse large B-cell lymphoma (RR

DLBCL) represent an unmet medical need. Apatinib is a new oral tyrosine kinase inhibitor

mainly targeting vascular endothelial growth factor receptor-2 (VEGFR-2) to inhibit tumour

angiogenesis. In the present study, we evaluated the efficacy and safety of apatinib for

patients with RR DLBCL.

Patients and Methods: In this phase II, open-label, single-arm, prospective study, we

enrolled patients aged 14–70 years with treatment failure of at least two chemotherapeutic

regimens using Simon’s two-stage design. All patients were administered apatinib at an

initial dose of 500 mg on a 4-week cycle at home and visited the outpatient clinic every two

cycles to evaluate efficacy and to record adverse events. We considered objective response

rate (ORR) as the primary end point, and progression-free survival (PFS), and overall

survival (OS) plus duration of response (DoR) as the secondary end point. (This trial was

registered at ClinicalTrials.gov, identifier: NCT03376958.).

Results: From January 2017 to February 2019, we screened 35 patients and enrolled 32

eligible patients. At the cutoff point (April 2019), we noted 2 (6.3%) complete responses, 12

(37.5%) partial responses, and 9 (28.1%) stable diseases, attributing to an ORR of 43.8% and

a disease control rate of 71.9%. The median PFS and OS were 6.9 (95% confidence interval

[CI], 5.8–7.9) and 7.9 months (95% CI, 7.0–8.7), respectively. The median DoR was 5.0

months (95% CI, 3.5–6.5) for patients who achieved PR. The most common grade 3–4

adverse events (AE) were hypertension (12.6%), hand–foot syndrome (9.4%), and leucope-

nia (6.3%). No apatinib-related deaths were noted.

Conclusion: Home administration of apatinib shows promising efficacy and manageable

AEs in patients with RR DLBCL.

Keywords: apatinib, relapsed or refractory diffuse large B-cell lymphoma, VEGFR-2,

efficacy, safety

Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoid system

malignancy in adults, accounting for 30–40% of all non-Hodgkin lymphomas

(NHLs).1 For patients with newly diagnosed DLBCL, rituximab combined with

cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP)-like regi-

men is the current standard, and local radiotherapy is recommended for those who

meet the conditions. After initial treatment, approximately one-third of all patients

manifest relapse or refractory disease.2 For this group of patients, second-line
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regimens, such as ifosfamide, carboplatin, and etoposide

(ICE); dexamethasone, cytarabine, and cisplatin (DHAP);

and gemcitabine, dexamethasone, and cisplatin (GDP)

with or without rituximab are often chosen as salvage

treatment; however, the long-term survival rate is <10%,

and most patients die within 2 years.3 For eligible patients,

we aim for autologous stem cell transplantation (ASCT),

but many patients are ineligible. However, ASCT has

limitations, such as a recurrence rate of 41.2% reported

by a retrospective study.4 Clinical trials are recommended

for patients with relapsed or refractory DLBCL (RR

DLBCL).5

Angiogenesis plays a crucial part in the development

and progression of a series of malignancies, including

lymphoma.6,7 Apatinib is a new oral kinase inhibitor mainly

targeting vascular endothelial growth factor receptor-2

(VEGFR-2) to inhibit tumour angiogenesis and has shown

encouraging anti-tumour effects in multiple solid tumours,

including gastric cancer, ovarian cancer, non-small-cell lung

cancer, breast cancer, osteosarcoma, etc.8–12 To date, clin-

ical evidence of apatinib as a potential treatment choice for

RR DLBCL remains scarce. Laboratory work shows that

apatinib inhibits the proliferation of various NHL cell lines

in a dose-dependent manner and significantly postpone

tumour growth and prolong the survival of xenograft mice

model derived from human DLBCL cells.13 Additionally,

we had conducted a clinical trial on apatinib for relapse or

refractory NHL (RR NHL) in our centre. We enrolled 27

patients with RR NHL, including 11 patients with RR

DLBCL, accounting for an ORR of 47.6%, suggesting an

anti-tumour effect of apatinib to improve the response rate

and survival of patients with RR NHL.14 Based on precli-

nical and clinical data, we conducted this open-label, single-

arm, prospective trial to further investigate the efficacy and

safety of oral administration of apatinib as salvage treatment

for patients with RR DLBCL.

Materials and Methods
Inclusion and Exclusion Criteria
Patients aged 14–70 years with histological or pathological

confirmation of DLBCL were enrolled in this trial

(Figure 1). All patients had experienced treatment failure

with at least two chemotherapeutic regimens. The patients

enrolled were not eligible for ASCT or chimeric antigen

receptor T cells (CART) treatment or had rejected both

treatments through their conscious freewill choice without

any intentional induction. Other inclusion criteria included

at least one measurable lesion based on the Cheson

criteria,15 an Eastern Cooperative Oncology Group

(ECOG) performance status of 0–2, adequate haematolo-

gic function (absolute neutrophil count ≥1.5 × 109/L, hae-

moglobin concentration of ≥80 g/L, platelet count ≥75 ×

109/L), hepatic function (total bilirubin ≤1.5 × upper limit

of normal [ULN], alanine aminotransferase ≤2.0 × ULN,

aspartate aminotransferase ≤2.0 × ULN) and renal function

(serum creatinine ≤1.5 × ULN, creatinine clearance rate

≥50 mL/mins [Cockcroft–Gault formula]), negative preg-

nancy test for female patients of reproductive age. Patients

with unmanageable hypertension (systolic blood pressure

≥140 mmHg/diastolic blood pressure ≥90 mmHg and can-

not be controlled successfully with drugs), unstable angina

or heart failure with cardiac function higher than grade II

as defined by the New York Heart Association were

excluded. Another key exclusion criterion was gastroin-

testinal bleeding risk, including active ulcerative lesions

with positive occult blood (OB) test result, melena, or

hematemesis history within 3 months before this study.

An endoscope examination was required for patients with

primary gastrointestinal DLBCL with positive OB test

result. Patients with any one or more of the following

conditions were also excluded: abnormal coagulation func-

tion (INR>1.5 × ULN, APTT>1.5 × ULN), 24-hrs urinary

total protein (24-hrs UTP) ≥1.0 g, central nervous system

metastasis, concomitant malignancies, or any severe

Figure 1 Trial protocol.
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medical problems that may impede the compliance of the

trial. (Full inclusion and exclusion criteria are shown in

Appendix 1.)

Ethical Clearance
This trial was performed in accordance with the Good

Clinical Practice Guidelines and the Helsinki Declaration

and was approved by the ethical committee of the First

Affiliated Hospital of Zhengzhou University. All patients

were fully informed of the nature and possible AEs caused

by apatinib and submitted written informed consent before

their participation. For patients younger than 18 years,

written informed consent was provided by their parents

or legal guardians.

Study Design
Each enrolled patient was administered apatinib 500 mg

once daily as an initial dose. One treatment cycle consists

of 28 days, and all patients were continuously administered

with the drug half an hour after breakfast daily until disease

progression, intolerable toxicities even after three dose

reductions, and patient-requested withdrawal. Appropriate

supportive care was provided to control AEs. Dose inter-

ruptions and reductions were only allowed if grade 3 hae-

matological AEs or grade 2 non-haematological AEs occur.

For each treatment cycle, interruptions were allowed for 7

days at maximum continuously or cumulatively, and only

two dose reductions is allowed at maximum (from 500 mg

daily to 500 mg and 250 mg taken on alternate days, then to

250 mg daily). It should be noted that for intolerable grade

2 toxicities, one dose reduction could also be considered if

necessary.

Baseline evaluation before treatment included systemic

physical examination, ECOG status assessment, antecedent

blood pressure, complete blood counts (CBCs), blood chem-

istry panel, coagulation function test, routine urinalysis, rou-

tine stool test consisting of occult blood (OB), bone marrow

evaluation, echocardiography and electrocardiogram, and

baseline lesions measured by contrast-enhanced computed

tomography (CT) or positron emission tomography (PET).

Patients visit the outpatient clinic every cycle to undergo

CBC, blood chemistry panel, routine urinalysis, routine

stool test measurements, and physical examination.

Efficacy was evaluated every 2 months by using contrast-

enhanced CT. All scans were reviewed by an independent

central imaging review group consisting of radiologists and

oncologists. AEs were evaluated every cycle according to the

National Cancer Institute Common Terminology Criteria for

Adverse Events (version 4.03) and were noted during their

monthly outpatient clinic visit or by telephone follow-up.

Assessments
We considered objective response rate (ORR) as the primary

end point, and progression-free survival (PFS), overall sur-

vival (OS) plus duration of response (DoR) as the secondary

end point. ORR was defined as the ratio of patients who

achieved complete response (CR) or partial response (PR)

based on the Cheson criteria.15 PFS was counted from

assignment to documented disease progression or death of

any reason, and OS was counted from assignment to death

of any reason. For patients without disease progression, PFS

and OS were both counted as the time from assignment to

the last documented survival assessment. DoR was defined

as the interval from the first documented onset of response to

disease progression or death. PFS, OS, and DoR were esti-

mated using the Kaplan–Meier method with 95% CIs.

Considering possible dosage reduction during treat-

ment, the effects of dose reduction on clinical outcomes

were evaluated. First, the normality of PFS and OS of the

original dose and dose reduction groups was assessed

based on the Shapiro–Wilk test. If satisfied, equality of

variance would be assessed using the Levene test. Student

and Welch t-tests were performed when the equal variance

assumption was satisfied and violated, respectively.

Considering the primary end point, ORR, the sample size

was initially estimated using Simon’s two-stage design with

one-sided α error of 5% and a power of 80%.16 We expected

an ORR of at least 40%. The highest objective response of

monotherapy in RR DLBCL at that time was 27.5% by the

single-agent lenalidomide.17 Taking these factors into

account, seven patients were treated at the first stage, and

at least two objective responses were required to move on to

the second stage. A total sample size of 32 patients should be

reached at the second stage of the study. The regimen would

be considered successful if ≥12 patients achieved objective

responses.

SPSS Statistics software (version 22.0.0; Chicago, IL,

USA) and GraphPad Prism software (version 6.07; La

Jolla, CA, USA) were used for statistical analysis.

Results
Characteristics
We screened 35 patients and enrolled 32 patients from

January 2017 to February 2019. The median age at enrol-

ment was 60 years (range, 25–70 years), male/female ratio

Dovepress Ma et al

Drug Design, Development and Therapy 2020:14 submit your manuscript | www.dovepress.com

DovePress
277

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=227477.docx
http://www.dovepress.com
http://www.dovepress.com


was 1.46, and most patients had an ECOG performance

status of 0–1. Three (7.4%) patients had double/triple hits.

Majority of patients had grade III or IV disease and had

experienced more than two treatment lines. No patients

had prior haematopoietic stem cell transplantation, immu-

notherapy, or vascular endothelial growth factor (VEGF)/

VEGFR inhibitor treatment. Eighteen (56.3%) patients had

B symptoms. Moreover, 16 (50.0%) patients had elevated

serum lactic dehydrogenase (LDH), and 15 (46.9%) had

elevated serum β2 microglobulin. Seven (21.9%) patients

had bone marrow involvement. The baseline characteris-

tics of all patients are listed in Table 1.

Efficacy
At the data cutoff point (April 2019), 14 (43.8%) patients

achieved ORR, including 2 (6.3%) CRs and 12 (37.5%)

PRs. Nine (28.1%) patients showed stable disease (SD),

contributing to a disease control rate (DCR) of 71.9%. The

median PFS and OS were 6.9 months (95% CI, 5.8–7.9)

and 7.9 months (95% CI, 7.0–8.7), respectively. For

patients with ABC and GCB subtypes, no significant dif-

ference was found in PFS and OS (6.7 months [95% CI,

5.4–8.1] vs 6.9 months [95% CI, 5.7–7.8], 8.0 months

[95% CI, 7.1–9.0] vs 7.8 months [95% CI, 6.8–8.5]).

Two patients achieved CR continued the treatment with

the initial dosage and had no disease progression. For

those who achieved PR, the median duration of response

was 5.0 months (95% CI 3.5–6.5). For those with objec-

tive responses, three patients had late responses observed

at 4 months, and all other patients had their responses

noted at the first assessment at 2 months. Kaplan–Meier

estimates of PFS and OS are shown in Figure 2.

The median duration of follow-up at data analysis time

was 8.6 months (95% CI, 7.3–9.4). At the cutoff point, 16

(50.0%) patients remained on treatment. Twelve (37.5%)

patients discontinued their treatment because of disease pro-

gression or death; one (6.3%) discontinued because of AEs;

and one (3.1%) had withdrawn consent; one (3.1%) was lost

to follow-up; and one (3.1%) had accepted other anti-tumour

treatments. Twenty-one patients showed tumour shrinkage

when compared with their baseline data. The best percentage

changes from baseline are shown in Figure 3.

Safety
No fatal AEs were reported. Generally, the most frequently

observed grade 3–4 AEs were hypertension (12.6%), hand–

foot syndrome (9.4%), and leucopenia (9.4%), which were

Table 1 Baseline Characteristics

Characteristics N %

Gender

Male 19 59.4

Female 13 40.6

Age

<60y 17 53.1

≥60y 15 46.9

ECOG

0~1 24 75.0

≥2 8 25.0

Serum LDH

Normal 16 50.0

Increased* 16 50.0

Serum β2 microglobulin

Normal 17 53.1

Increased* 15 46.9

B symptoms

Absent 14 43.8

Present 18 56.3

Bone marrow involvement

Absent 25 78.1

Present 7 21.9

Ann Arbor clinical stage

I-II 12 37.5

III-IV 20 62.5

COO

ABC 19 59.3

GCB 11 34.4

NOS 2 6.3

EBER

Negative 27 84.4

Positive 5 15.6

Double/triple-hit

Absent 29 90.6

Present 3 7.4

Previous treatment lines

=2 11 34.4

>2 21 65.6

Baseline of major function n 95% CI

ANC (109/L) 3.6 2.7–4.3

HB (g/L) 110.4 98.1–120.7

PLT (109/L) 105.6 89.9–127.3

TB (μmol/L) 15.5 12.4–18.8

ALT (U/L) 35.3 32.7–38.8

AST (U/L) 34.8 29.3–41.5

(Continued)
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also the primary cause of treatment interruptions. The only

grade 4 AE recorded was leucopenia (3.1%). Most common

non-haematological grade 3 AEs are hypertension (12.6%),

hand–foot syndrome (9.4%), and fatigue (6.3%), and the

most common haematological grade 3 AE is leucopenia

(6.3%). Of all AEs occurring in at least one patient, hyper-

tension (62.5%), proteinuria (53.1%), hand–foot syndrome

(40.6%), and leucopenia (40.6%) had the highest frequency.

Fatigue (37.5%) and anorexia (34.3%) were also frequently

observed. Most AEs were of grade 1–2. Notably, coexisting

AEs in one patient were not rare. No AE-related deaths

were reported. Additionally, no febrile neutropenia or per-

foration was observed. AEs occurring in at least one patient

are shown in Table 2.

The highest blood pressure recorded was 178/100

mmHg, which was observed 8 days after the first dose of

apatinib. For this patient, blood pressure was stabilized at

normal range 2 days after the administration of thiazide

diuretics combined with angiotensin-converting enzyme

inhibitor (ACEI), and the patient regained the original

dose of apatinib after a 3-day interruption. No hyperten-

sive emergency was observed. A patient with grade 3

anaemia was admitted into the hospital for blood transfu-

sion. Another hospitalized patient, the only patient with

grade 4 AE, had the lowest white blood cell count (WBC)

at 0.9 × 109/L. This was a senior patient with bone marrow

involvement and disease progression. Thus, we were not

definite that leucopenia was related to treatment. This

patient withdrew from the study and had elevated WBC

after administration with granulocyte colony-stimulating

factor (GCSF).

Dose Adjustments
Most dose interruptions were initially observed during the

first treatment cycle, with a median of 17 days (interquar-

tile range, 13–22) since entry. Twenty-six (81.2%) patients

experienced temporarily treatment interruption, whereas

treatment was continued after an interval of <7 days or

rational dose adjustments. We noted dose reductions in 17

(53.1%) patients. Thirteen (40.6%) patients had one dose

reduction from 500 mg daily to 500 mg and 250 mg on

alternate days, and four (12.5%) had their dose reduced to

250 mg daily. One (3.1%) patient had permanent treatment

interruption due to grade 3 proteinuria. This patient had

dose interruption, and 24-hrs UTP was closely monitored

after the initial occurrence of grade 3 proteinuria. The

Table 1 (Continued).

Characteristics N %

Cr (μmol/L) 72.2 56.1–86.4

Ccr (mL/mins) 104.4 94.6–115.3

Notes: Double/triple-hit lymphoma refers to lymphoma with rearrangements of

MYC and BCL-2 or/and BCL-6, which is also described as high-grade B cell lym-

phoma (HGBL). Among all of the 32 patients enrolled in this study, two patients

lack of EBER results were considered EBER negative, and five patients lack of BCL-

2/MYC/BCL-6 FISH results were considered absent of double/triple-hit. *In this

study, increased serum LDH level was defined as higher than 245U/L, and increased

Serum β2 microglobulin level was defined as higher than 3 mg/L.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; COO, cell of

origin; GCB, germinal center B-cell-like; EBER, Epstein-Barr virus-encoded small

RNA; ANC, absolute neutrophil count; HB, haemoglobin; PLT, platelet count; LDH,

lactic dehydrogenase; TB, total bilirubin; ALT, alanine aminotransferase; AST, aspar-

tate aminotransferase; Cr, creatinine; Ccr, creatinine clearance rate.

Figure 2 Kaplan–Meier estimates of progression-free survival (PFS) and overall survival (OS).
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original dose was regained after 24-hrs UTP <2.0 g, and

one dose reduction was applied after the second occur-

rence of grade 3 proteinuria. The patient had permanent

dose interruption after the recurrence of grade 3 protei-

nuria with second dose reduction, and no disease progres-

sion was recorded before withdrawal. Dose adjustments

and first dose interruption noted since entry are listed in

Table 3.

Welch t-test was used to compare the PFS and OS

between patients with or without dose reduction (53.1%

vs 46.9%). With P<0.05 as threshold, comparison of both

PFS and OS between two groups showed no statistical

significance (Table 4).

Discussion
This is the first study to report the efficacy and safety

profile of apatinib for RR DLBCL. As the first oral anti-

angiogenesis drug for advanced tumours, apatinib was

approved by the China Food and Drug administration for

patients with advanced gastric cancer; however, previous

studies mainly focused on solid tumours.8–11 The role of

angiogenesis in lymphoma has been long confirmed, and

increased expression of VEGF and its receptors (VEGFR)

has been proven to be related with DLBCL progression.17

Apatinib has therapeutic potential for DLBCL by blocking

the intracellular adenosine triphosphate-binding site of

VEGFR-2, inhibiting VEGFR-2 autophosphorylation and

downstream Ras/Raf/MEK/ERK and PI3K pathway acti-

vation, thereby interfering with tumourigenesis and

progression.13,18 Wang et al reported the anti-tumour activ-

ity of apatinib in DLBCL (both GCB and ABC subtypes)

in a preclinical setting.13 Apatinib showed cytotoxicity and

induced apoptosis in DLBCL cell lines (OCI-ly1, OCI-ly3,

SU-DHL-2, and SU-DHL-4), and significantly suppressed

tumour progression and prolonged survival in a xenograft

mouse model without obvious bodyweight loss, indicating

the efficacy and tolerability of apatinib. This study also

showed that apatinib down-regulated several Ras pathway

targets and had a kinase inhibitory effect on c-Src, c-Kit,

and PDGFRb besides VEGFR-2, which may also contri-

bute to cytotoxicity in vitro and anti-angiogenesis in vivo

of apatinib in DLBCL.

The current options for RR DLBCL are limited. Anti-

PD-1 monoclonal antibodies, BTK inhibitors, anti-CD79b

antibody-drug conjugate, PI3K inhibitor, BCL-2 inhibi-

tors, CD20-targeted monoclonal antibodies, immunomo-

dulators, and CAR-T therapies have been investigated as

treatment for RR DLBCL.19–24 Appendix 2 shows the

comparison between representative agents and apatinib.

In this study, an objective response was observed in

43.8% of patients (median PFS, 6.9 months; 95% CI,

5.8–7.9; median OS, 7.9 months; 95% CI, 7.0–8.7).

Besides, nine SD patients contributed to a DCR of

71.9%. In terms of efficacy, apatinib was slightly superior

than ibrutinib and obinutuzumab in monotherapy,20,22 and

was obviously superior than nivolumab, venetoclax, and

lenalidomide.19,21,23 The PI3K inhibitor copanlisib had an

ORR of 37.5% and 13.6% in ABC and GCB patients,

respectively,25 showing a slightly lower ORR compared

with apatinib. However, apatinib was inferior compared

with polatuzumab–vedotin, an anti-CD79b antibody–drug

conjugate combined with monomethyl auristatin E, and the

-100

-80

-60

-40

-20

0

20

40

60

80

100

Patients

P
er

ce
nt

 c
ha

n
ge

 fr
om

 b
as

el
in

e(
%

)

PD
SD
PR
CR

Figure 3 Waterfall plot of best percentage changes from baseline. Waterfall plot of the best percentage changes from baseline of target tumor size is shown for each patient.

Dashed line at −50% represents the threshold of partial response, and another dashed line at 50% represents the threshold of progressive disease. One patient had tumor

shrinkage despite of progressive disease. One patient had no tumor size change from baseline.

Ma et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Drug Design, Development and Therapy 2020:14280

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=227477.docx
http://www.dovepress.com
http://www.dovepress.com


single-agent ORR was 56%.26 Although comparisons

between different trials can be difficult, we assume that

apatinib excels several agents in efficacy profile and has

the advantage of easy access and economic effectiveness.

Additionally, oral administration without infusion pump

may prevent hospitalization for patients.

The most frequently observed AEs in our study were

hypertension, proteinuria, hand–foot syndrome, and leuco-

penia, which were consistent with previous studies on

solid tumours,8,27,28 but with a higher rate of haematolo-

gical AEs, which may due to latent-impaired bone marrow

reservation resulting from previous intensive chemother-

apy. Hypertension (62.5%), proteinuria (53.1%), and

hand–foot syndrome (40.6%) were the most frequently

observed non-haematological AEs, which were also con-

sidered as features of antiangiogenics. Most patients with

the abovementioned AEs were of grade 1–2. Thiazide

diuretics, calcium antagonists, ACEIs, or angiotensin

receptor blockers (ARBs) were used in hypertensive

patients as single agent or combination. Patients who

showed consecutive (++) proteinuria underwent 24 hrs

UTP and consulted with nephrologists for treatment assis-

tance. Intensive skincare was provided to those with hand–

foot syndrome, and moisturizer containing urea or corti-

costeroids was added as necessary. Leucopenia was the

most common grade 3–4 haematological AE in this study

and was treated by GCSF if necessary. Generally, all AEs

improved after treatment interruption for <7 days and

appropriate supportive care. Most of the AEs were initially

observed during the first 3 weeks, implying the necessity

of close monitoring and follow-up within this timeframe.

Interestingly, early occurrence of apatinib-related AEs

was reported to be predictive biomarkers for treatment

efficacy.29 Patients with anorexia and grade 2 or worse

fatigue and hand–foot syndrome tended to acquire pro-

longed PFS.9 Apatinib-related hypertension was also

Table 2 Treatment-Related Adverse Events Occurred in More

Than One Patient

Adverse Events All (%) Grade

1–2 (%)

Grade

3 (%)

Grade

4 (%)

General status

Fatigue 12 (37.5) 10 (31.2) 2 (6.3) 0

Hematological system

Leukopenia 13 (40.6) 10 (31.2) 2 (6.3) 1 (3.1)

Neutropenia 10 (31.2) 9 (28.1) 1 (3.1) 0

Anemia 7 (21.8) 5 (15.6) 1 (3.1) 0

Thrombocytopenia 5 (15.6) 4 (12.5) 1 (3.1) 0

Cardiovascular system

Hypertension 20 (62.5) 16 (50.0) 4 (12.5) 0

Skin and subcutaneous

tissue

Hand-foot syndrome 13 (40.6) 10 (31.2) 3 (9.4) 0

Mucositis 3 (9.4) 3 (9.4) 0 0

Gastrointestinal

system

Abdominal pain 3 (9.4) 3 (9.4) 0 0

Diarrhea 4 (12.5) 4 (12.5) 0 0

Anorexia 11 (34.3) 10 (31.2) 1 (3.1) 0

Fecal occult blood 4 (12.5) 3 (9.4) 1 (3.1) 0

Nausea 5 (15.6) 5 (15.6) 0 0

Urinary system

Proteinuria 17 (53.1) 16 (50.0) 1 (3.1) 0

Blood biochemistry

AST/ALT increase 7 (21.8) 6 (18.7) 1 (3.1) 0

Bilirubin increase 5 (15.6) 4 (12.5) 1 (3.1) 0

Hypoproteinemia 3 (9.4) 3 (9.4) 0 0

Mental and nervous

system

Headache 3 (9.4) 3 (9.4) 0 0

Table 3 Dose Adjustments and First Dose Interruption Since

Entry

Dose n (%) or Time

(days)

Dose Adjustments

No dose adjustments (500 mg) 15 (46.9)

Dose level −1 (500 mg and 250 mg on

alternate days)

13 (40.6)

Dose level −2 (250 mg) 4 (12.5)

Dose interrupted temporarily 26 (81.2)

Dose interrupted permanently 1(3.1)

First dose interruption since entry(days)

Median (IQR) 17 (13, 22)

Table 4 Comparison Between No Dose Reduction Group and

Dose Reduction Group

Outcome No Dose

Reduction

(n=15)

Dose

Reduction

(n=17)

P value (2-Tailed)

Mean SD Mean SD

PFS (m) 6.8 2.6 6.9 2.8 >0.05

OS (m) 7.8 2.7 8.0 3.0 >0.05
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reported to be a valid biomarker for preferable anti-tumour

efficacy.30,31 Here, the patient with the highest blood pres-

sure also had the longest PFS. Besides, although many

patients required dose modifications or interruptions dur-

ing treatment due to AEs, most of them resumed therapeu-

tic dosage and continued the treatment, and the clinical

outcome between patients with original dose and those

with dose reduction was not statistically significant, sug-

gesting that appropriate dose reduction did not necessarily

lead to inferior clinical outcome.

Some studies of apatinib on solid tumours started with

a higher initial dose of 750 mg11 or 850 mg;8 however,

frequent dose modifications and serious adverse events

(SAEs) were observed. According to Xu et al11 starting

apatinib with a dose of 750 mg resulted in dose delay with

at least one cycle and dose reduction in 84.0% of patients,

and SAEs in 12% patients with two possibly drug-related

deaths. Additionally, the OS of the 750- and 500-mg

groups were 8.3 and 10.6 months, respectively.

Considering above factors and the relatively advanced

age profile and ECOG status of patients with RR

DLBCL in our centre, 500 mg daily was continued as

the initial apatinib dose. Nevertheless, some modifications

were made based on our previous study on apatinib for

NHL, such as making 3 weeks as one treatment cycle with

an interval of <1 week continuously or cumulatively.14 In

the present study, we prolonged our treatment cycle to 4

weeks, and an interval ≤7 days was also allowed for each

cycle. The PFS of this study was slightly shorter than that

previously (6.9 months [95% CI, 5.8–7.9] vs 7.1 months

[95% CI, 4.2–7.3]); however, the OS was better (7.9

months [95% CI, 7.0–8.7] vs 7.3 months [95% CI, 7.1–

7.9]). ORR of this study is slightly lower (43.8% vs

47.6%), and this may be due to the fact that only 11 out

of 27 patients were DLBCL in the previous study. Besides,

our previous report did not include dose modification

profile and relative clinical outcomes. In the present

study, although 53.1% of all patients experienced dose

reduction, the clinical outcome was not inferior for these

patients compared with those who did not experience dose

reductions, and approximately all these patients continued

treatment after proper intervention or short interval.

Indeed, the proportion of patients who experienced dose

interruptions was higher than expected, but approximately

all of them regained the dosage afterwards. We also found

out that there was no statistical significance between

patients with ABC and GCB subtype. This result accords

with the findings of a preclinical study that apatinib

exhibited similar anti-tumour activity in both DLBCL

subtypes.13 These results provided valuable experience

for other investigators to determine their preferable initial

dose and treatment cycle.

Considering the efficacy and safety profile of apatinib, it

may be of additional therapeutic potential to combine apa-

tinib with chemotherapy for RR DLBCL treatment. By

promoting vascular normalization in tumour microenviron-

ment and enhancing drug delivery and permeating,32,33

antiangiogenics combining chemotherapy has been proven

effective in multiple tumours.34,35 In the AEROC study,

apatinib combined with etoposide achieved an ORR of

54% with tolerable AEs for platinum-resistant or platinum-

refractory ovarian cancer.9 Although from the MAIN study,

bevacizumab added to R-CHOP did not prolong PFS as

expected;36 thus, results may due to cardiac toxicity and

discontinuation of intravenous bevacizumab,37 whereas apa-

tinib has the advantage of administration continuity.

Additionally, apatinib has been reported to reverse

ABCB1– and ABCG2–mediated multiple drug resistance

inhibition in a concentration-dependent manner.38 Based on

the present study, further investigations on apatinib com-

bined with DHAP (dexamethasone, cytarabine, and cispla-

tin) as salvage treatment for RR DLBCL are ongoing in our

centre.

With the potential superiority of home administration

without frequent hospitalization, apatinib can be used for

patients with RR DLBCL, considering its favourable effi-

cacy, manageable AEs, improved patient adherence, and

economic effectiveness. Combination with chemotherapy

or other targeted drugs, including anti-angiogenesis agents

with different mechanisms,39 may be promising strategies

to improve the anti-tumour effects of apatinib and reverse

drug resistance.

Nevertheless, this study has limitations. Because it was

single arm without a control group, the comparisons

between apatinib and placebo in the same centre was not

performed. However, several similar studies on other

agents in RR DLBCL had provided sufficient data for

comparison with respect to efficacy and safety.

Conclusion
Our study showed that home administration of apatinib has

promising efficacy and tolerable AEs in patients with RR

DLBCL. Further investigations of Phase III trials and

combination therapy of apatinib with chemotherapy are

warranted.
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Data Sharing Statement
All patient data collected during the trial will be shared

after deidentification. Other study-related documents,

including the study protocol, data analysis plan, informed

consent form, and analytic code will be made available.

Proposals for data access should be directed to xinran-

ma2000@hotmail.com. Once approved, the data will be

sent through email. The data will be made available from 3

to 36 months following article publication.
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