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ABSTRACT

Ubenimex is widely used as an immunomodulator in the treatment of leukemia and non-small cell lung cancer to improve the
anti-tumor treatment effect. However, there has not been any multicenter randomised controlled trials to study its impact on
the prognosis of cancer patients. The authors aimed to conduct a meta-analysis to initially study these issues. Pubmed,
Cochrane Library and EMbase were searched. Randomised controlled trials of the effects of ubenimex on the survival rate of
malignant tumor patients were included in the meta-analysis. Survival rate ratio (OR) and 95% confidence interval (95% Cl)
between two groups were used to evaluate the efficacy of ubenimex. Fixed effects models were used for meta-analysis. A total
of 1,372 cases (684 in the ubenimex group and 688 in the control group) of five studies were included. Between the ubenimex
group and the control group, the 1-year OR was 1.40 (95% Cl = 1.06 to 1.85), the 2-year OR was 1.43 (95% Cl = 1.08 to 1.89)
and the 3-year OR was 1.39 (95% Cl = 1.07 to 1.81). Standardised treatments combined with ubenimex may improve the

survival rate of patients with malignant tumors.
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INTRODUCTION

Malignant tumors are important and serious health concern. In
the United States, approximately 4,600 people are diagnosed
with malignanttumors each day, and 1,650 people die of malig-
nant tumors each day.' After a series of standardised treat-
ments (surgery, chemotherapy, radiotherapy etc.), the recur-
rence rates of many kinds of malignant tumors remain high. In
addition to those treatments, combined with some low-toxic
adjunctiveagents, toimprove patientsurvival, hasalsobecome
thegoalsofmanyscholarsandresearchers.

The immune system plays an important role in the body's own
anti-tumor activities, and immunotherapy have been increas-
inglyimportantinthe treatment of malignant tumors.**Inmany
malignant tumors fields, patients with a wide degree of CD8" T
cell infiltration are indicated to have a better prognosis.** The
number of natural killer (NK) cells was positively correlated with
the prognosis of liver cancer.®” Improving the function of these
immune cells, may become a new way to improve the survival
rateof malignanttumors.
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Ubenimex is a CD13 inhibitor that enhances immunity by
enhancing T cells’ viability and enhancing NK cells’ lethality.®
Ubenimex can also directly exert its anti-cancer effect by inter-
fering with tumor cell metabolism.” At present, ubenimex is
widely used as an adjuvant drug in the treatment of leukemia
and non-small cell lung cancer to improve the effects of anti--
tumor treatment.’®" There has been no report about any
serious side effects of ubenimex. However, whether patients
with malignant tumors need to use ubenimex is still controver-
sial, and there are still no multicentre large randomised
controlled trials to investigate the relationship between uben-
imex and prognosis of patients with malignant tumors. This
meta-analysis was aimed to initially study these issues, and
provide decision-makingreferenceforclinical practice.

METHODOLOGY

Research retrieval adopted the theme words-joint-free words
retrieval method. Search terms included bestatin, ubenimex,
(D-Leu)-(R-(R*,5*))-isomer, tumour, tumor, malignant
neoplasm, cancer, randomised controlled trial (RCT). Pubmed,
Cochrane library, and EMbase were searched to collect RCTs
aboutthe effects of ubenimex on the survival rate of malignant
tumor patients from the establishment of the databases to
January 2019.

The inclusion criteria were a randomised controlled trial (RCT);
participants must be diagnosed as malignant tumor patients
pathologically, regardless of the type of tumor;

the control group consisted of patients who received only stan-
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dardised treatment, and the ubenimex group was consisted of
patients who received standardised treatment and combined
with ubenimex, regardless of the dose and frequency; recur-
rencetimeandthe numberof patientswhohad arecurrenceare
outcome measures, were available. The exclusion criteria were
studies, where clinical prognostic indicators did not include
information on patient survival, or survival curves, insufficient
data, extremely smallsamplesize, ortoo many cases lost-to-fol-
low-up, where literary responsibility were unknown, or where
fulltexts werenotavailable, wereexcluded.

Two researchers independently read, selected the studies, and
extracted the data separately. Whether to include divergent
studies were decided through consultation. When opinions
were not met, a third researcher reviewed and decided. The
extracted data included the title, author, publication time,
region, trial control, time to relapse, and number of cases. All
results had been evaluated by subject experts. A total of 109
records were identified through Pubmed, Cochrane Library and
EMbase searching. After removing duplicated records, 53
records left. According to thetitle of the article, 13 studies which
obviously did not meet the inclusion criteria, were excluded;
and 40 records were left. After full-text articles assessed, 34
recordswereexcluded,and5studieswereincludedinthemeta--
analysis. Cochrane risk bias evaluation tool was used to assess
the biasrisk by the rules of Cochrane Handbook.™

RevMan 5.3 was used in this meta-analysis. Survival rate ratio
(OR) and 95% confidence interval (95% Cl) between the two
groups were used to evaluate the efficacy of ubenimex. Chi-
square test was used to investigate the heterogeneity among
the five studies. If the heterogeneity between the studies was
small (p = 0.1, ¥ <50%), the fixed effect model was used to
analyse the data. If the heterogeneity among the studies was
large (p<0.1,F =50%), after eliminating human factors such as
statistical errors, a random effect model was used to analyse
the data. Ifthere was a significant clinical heterogeneity in each
study, subgroupanalysisorsensitivity analysiswasused. Statis-
tical significance wasdefinedas p<0.05.

RESULTS

Atotal of 109 articles were retrieved. After screening, five RCTs
(n=1372) met the criteria and were finally included in the
study.’*"® Basic characteristics of included studies were
showed in Table I. Bias risk assessment results were showed in
Figurel, showing the type of bias and the total extent of the five
studies included. Green, yellow, and red represent low risk,
unclear risk, and high risk. The proportion of the color repre-
sents the size of the bias. Heterogeneity test results are shown
inFigure2-4.

Figure 2 shows the result of meta-analysis for 1-year survival
rate. five studies were included.****® Fixed effect model was
used to analyse the data. There was no difference in 1-year
survival rate between the ubenimex group and the control
group.TheORwas1.40(95%Cl=1.06t01.85).

Figure 3 shows the result of meta-analysis for 2-year survival

rate. five studies were included."”"" Fixed effect model was
used to analyse the data. 2-year survival rate of the ubenimex
group wassignificantly higherthan thatofthe control group; the
ORwas1.43(95%Cl=1.08t01.89).

Figure 4 shows the result of meta-analysis for 3-year survival
rate. Five studies were included.'*" Fixed effect model was
used to analyse the data. 3-year survival rate of the ubenimex
group wassignificantly higherthan thatofthe control group; the
ORwas1.39(95%Cl=1.07to1.81).

DISCUSSION

The intractability of malignant tumors is a worldwide problem.
Although there are many kinds of treatments for malignant
tumors; still, no malignant tumor could be claimed to be cured
completely. Any method that can improve the survival rate of
cancer patients is worth this effort. In the previous study, it was
mentioned that metformin significantly improvedthe prognosis
of oral cancer patients with type 2 diabetes mellitus."” At the
same time, ubenimex, as a low toxicity immunomodulator and
asananticancerdrug, has been usedin clinic for decades. Inin-
vitro experiment, ubenimex induces the autophagic cell death
in prostate cancer cells and renal cancer cells.’** It can also
enhance the effects of anticancer drugs in hepatocellular
cancer.”” Compared to in-vitro experiments, there are only a
few clinical trials on the anti-tumor effect of ubenimex. In the
routinetreatmentofmalignanttumors, whetherthe use ofuben-
imex can improve the survival rate of patients, becomes a clin-
ical problemtobesolved.

This meta-analysis included a total of five RCT studies. The
results (Figure 3 and Figure 4) show that ubenimex may
improve the 1l-year, 2-year, and 3-year-survival rates of
patients with malignant tumors. With the development of high-
-throughput sequencing technology, human research on
cancer has entered the information age. Tumour-infiltrating
immune cell has been found playing an increasing important
role regarding the anti- or pro-tumorigenesis and prognosis of
tumor patients. The immune checkpoint blockade and chimeric
antigen receptor T-cell therapies have achieved amazing
success.” Yamazaki et al. found that natural killer and
lymphokine activatedkiller cell activity of patients with hemato-
logical malignancies was significantly lower than normal
people, and ubenimex administration can not only elevate the
activity of natural killerand lymphokine activated killer cell, but
also increase the absolute numbers of helper T-cells, cytotoxic
T-cells and natural killer cells.”” Ubenimex treatment could
enhance the susceptibility of gastric cancer cell to lymphokine-
activated killer cells.”’Natural killer cell, B-cell, CD8" T-cell, and
active CD4* memory T-cellwere foundto be survival-favourable
immune cells in breast cancer.” Thus, ubenimex may improve
the tumor immune microenvironment to enhance the clinical
therapeutic effect on tumor. Ubenimex may improve the
survival rate of patients with malignant tumors by improving
the immune system to eliminate more dormant malignant
tumorcells.
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Table I: Basic characteristics of included studies.

Figure 4: Meta-analysis results of 3-year survival rate, ******

Besides the impacts on immune cells, ubenimex has been
found to have many direct anticancer effects. Wang et al.
found that ubenimex might be a perfect adjunctive therapy for
melanoma, when combined with Akt inhibitor.”> Ubenimex
could also induce apoptotic and autophagic cell death through
the ROS/ERK pathway.* Inoi et al. found that ubenimex played
am important role im inhibiting the growth of human choriocar-
cinoma in nude mice by its direct cytostatic activity.”’

Of course, there were no subgroup analyses of different tumor
types in this study because of the limited number of studies. It
is not yet possible to determine the effect of ubenimex on the
survival rate of patients with specific tumor types. The results
of this study are still to be further studied and analysed.

i Treatment
Authors Published Country Diagnosis of objects Standardised treatments -
date Ubenimex group|Control group
. Stage | and stage Il non-small cell .
13
C. Mouritzen 1990 Denmark lung cancer Surgery Ubenimex Blank
. Transitional cell carcinoma of th . .
Henric Blomgren® 1987 Sweden ansitiona cbeladcc?e(r: oma ot the Radiotherapy Ubenimex Blank
15 Chemotherapy or .
M.Takada 1990 Japan Inoperable lung cancer radiotherapy Ubenimex Blank
T.Yasumitsu® 1990 Japan Resected lung cancer Surgery Ubenimex Blank
Yukito Ichinose™ 2003 Japan Resected stazirlcsigg;rgous-cell lung Surgery Ubenimex Placebo
» _— Survival was the most concerned outcome of the included
Random sequence generation (selection bizs) I || studies. In the forest plots of Figures 2-4, the results of the
Allocation concealment (selection bias) . . . . e .
ofpaiiclpants ang (ertormancs bizs) N five studies were consistent. No significant heterogeneity was
Biinding of outcome assessment (dstection bias) MMM found after statistical analysis. However, the limitations of
Incomplete outcome data (atiriton bias) HNMMMENENNNN | this study still existed including the following aspects: Firstly,
Selective reporting (reporting bias) | as shown in Figure 1, only one selected RCT was blinding of
Otner bias [ - - - | outcome assessment, so detection bias is inevitable. Based
0% 5%  S0% 7% 100% on available information, there is no way to judge whether
|-L""”‘5'“’”"as Bunctearrisk orbias Wl Hign risk ofbias | the authors have reported the results selectively; so there
Figure 1: Bias risk assessment results.**** may be a certain degree of reporting bias. Secondly, the
— — m— m— tumor types are different, and the prognosis of different
enimex group ontrol group s lio Is lio R . . . .
Studvor Subatoun fents__Total fusntsTotal Weiaht M fxed. 054 L g tumors is different. Thirdly, although the included studies
Waaemon1s 3 w3 2 n4 e Teabenzem — were all RCT studies, the overall number of studies was small,
T.YASUMITSU1980 10 68 73 67 74 55% 1.42(0.43,4.70] D — . . . . .
Yokl chinose200315 198 202 183 198 34% 3530961302 1 which might cause some bias in the results. Fourthly, despite
Totovens o e * extensive searches, publication bias cannot be ruled out,
Ha\avuuanalwChr’:]z&df:lfP:051),F:U% 001 01 10 100 h . . . N f N ”
Testfor overall efiect: 2= 2.36 (= 0.02) Control group  Ubanimex group such as some grey or missing studies in conference. Finally,
Figure 2: Meta-analysis results of 1-year survival rate.**** the areas and occupations of the patients included in the
B caages || Daws e studies are different, so there may be an inevitable bias in
CMOURTIENISO TS T a0 0 e 112prnt e the research results.
Henric Blomgren1987 14 27 75 14 76 108% 249(1.18,5.26) [
M.Takada1990 15 1 13 1 114 12% 1.01(0.06,16.33) ___
Yoo hnose200316 167 203 175 198 155%  1eslnes, sz = CONCLUSION
Total (95% CI) 684 688 100.0% 1.43[1.08, 1.89] L
otal events 41 . . . .
Helrogenely ChP= 453,d1= 4 ¢ 030,P= 12% T +——= | Ubenimex may improve the survival rate of cancer patients.
Testfor overall effect: Z= 2.50 (P = 0.01) sl Group UBEnimex aroil . . . .
: . __ Comelvan enmeo Clinicians can use ubenimex to improve survival rate based
Figure 3: Meta-analysis results of 2-year survival rate.™ X L. K
on routine treatment. However, due to the above limitations
g i Eiprbepei i of the study, the accuracy of the results may be affected.
C. MOURITZEN1990 13 116 2 107 226 534% 1.23(0.85,1.78] . .
HenicBomgrente8714 22 75 14 76 104%  1840865,395 — The results also require multiple centres, large numbers of
M.Takada1990 15 1 113 1 114 1.0% 1.01[0.06,16.33] e . .
Yoo hose2031s 178 a2 te0 199 204% 1700101 308 e= samples, and long-term follow-up randomised double-blind
Total st e, O 000 asrien e g controlled trials to confirm the results.
‘otal events
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