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ABSTRACT

Introduction: Survivin (SVN) is a member of the inhibitor of apoptosis (IAP) protein family that
promotes cellular proliferation and inhibits apoptosis. Overexpression of SVN is associated with auto
immune disease, hyperplasia, and tumors and can be used as a biomarker in these diseases. SVN is
widely recognized as a tumor-associated antigen (TAA) and has become an important target for cancer
diagnosis and treatment.
Areas covered: We reviewed SVN research progress from the PubMed and clinical trials focused on SVN
from https://clinicaltrials.gov since 2000 and anticipate future developments in the field. The trials
reviewed cover various modalities including diagnostics for early detection and disease progression,
small molecule inhibitors of the SVN pathway and immunotherapy targeting SVN epitopes.
Expert opinion: The most promising developments involve anti-SVN immunotherapy, with several
therapeutic SVN vaccines under evaluation in phase I/II trials. SVN is an important new immuneoncology target that expands the repertoire of individualized combination treatments for cancer.

1. Introduction
1.1. What is SVN?
SVN is the smallest member of the inhibitor of apoptosis (IAP)
protein family. These proteins play a key role in regulating cell
mitosis and inhibiting apoptosis. In 1997, Ambrosini cloned the
gene for SVN which is located on human chromosome 17 [1]. The
wild-type human SVN gene, called BIRC5, spans 147 kb and
consists of four exons and three introns. Human SVN is
a 16.5-kDa protein with 142 amino acids. SVN contains two
functional domains: a baculoviral IAP repeat (BIR) at the
N-terminus (100 aa) and an α-helix in the C-terminus (42 aa).
Both the BIR and the α-helical regions are involved in regulation
of mitosis. In contrast, the apoptosis regulation region only
involves the BIR. SVN is found in the nucleus, cytoplasm, mito
chondria, exosomes, the outer surface of the cell membrane and
in the extracellular matrix. The multiple functions of SVN are
affected by its subcellular localization, reversible dimerization,
and extensive posttranslational modification including acetyla
tion, ubiquitination, and especially phosphorylation [2].

1.1.1. Nuclear SVN is primarily involved in cell mitosis
SVN-activated cell mitosis happens in the nucleus and is
dependent on the phosphorylation of SVN. The phosphoryla
tion of nuclear SVN at Ser20, Thr34, and Thr48 is important for
accurate chromosome alignment and is therefore required for
mitosis, cell proliferation, and cell viability [3] (Figure 1). SVN
phosphorylated at Thr117 along with Aurora-B kinase, inner
centromere protein (INCENP), and Borealin (Figure 2) regulates
chromosomal/microtubule
attachment,
the
spindle
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checkpoint, and cytokinesis [4,5]. Residues 89–98 bind to the
nuclear export protein CRM1 (chromosome region mainte
nance 1). Acetylation of residues 89–130 promotes SVN dimer
ization and nuclear translocation. Residues 99–142 interact
with microtubules [3]. Ubiquitination at Lys63 regulates chro
mosome alignment by controlling the dynamic association of
SVN with centromeres [6].
(A) Amino acid residues associated with mitosis. Ser20,
Thr34, Thr48, and Lys63 regulate chromosome alignment.
Thr117 regulates the chromosome/microtubule attachment.
Residues 89–98 bind to CRM1. Residues 89–130 localize SVN
in the nucleus. Residues 99–142 interact with microtubules. (B)
Amino acid residues associated with apoptosis. Ser20 binds to
XIAP. Thr34 antagonizes the release of cytochrome C (Cyt-C).
Leu64,87 and Asp70,71 suppress the release of SMAC/DIABLO.
Residues 79–90 bind with HSP90 and HSP60. Residues 89–130
are involved with nuclear export. (PDB:1e31)
There are several mechanisms for tumorigenesis involving
nuclear SVN. A large number of studies have demonstrated
that nuclear SVN promotes the repair of DNA double-strand
breaks in cancer cells through interaction with the catalytic
subunit of DNA-dependent protein kinase (DNA-PKCs) [7] and
Ku70 (the DNA repair subunit protein) [8], and reduce DNA
damage associated with poly ADP-ribose polymerase (PARP)
activation [9]. As a consequence, chromosomal aberrations are
increased, and cells overexpressing SVN develop into tumors
with shortened latency and decreased apoptosis, promoting
adaptive tumor evolution [10].
Alternative splicing of SVN pre-mRNA may result in several
different SVN forms exhibiting different characteristics in

Department of Oncology, University of Oxford, Old Road Campus Research Building, Roosevelt

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

2

Y. LI ET AL.

Article highlights
●

●

●

●

●

●

SVN is found in multiple cellular compartments and in the extracel
lular matrix. Through activation of mitosis and inhibition of apoptosis,
SVN promotes cell proliferation and survival.
SVN is highly expressed in tumor tissues where it upregulates mitosis
and enhances cell survival by downregulating apoptosis and cell
death.
SVN is a biomarker for tumor metastasis and progression and several
clinical trials have demonstrated its value in cancer diagnosis and
prognosis of tumor progression and metastasis.
Clinical trials on small molecules to target SVN have not proved
successful. One possible reason for this is that inhibition of SVN
may lead to compensation mechanisms involving signaling by
other IAP family members.
In contrast, immunotherapies targeting SVN are starting to show
significant potential. Strategies under evaluation include peptide
vaccines, a recombinant overlapping peptide vaccine, dendritic cellbased vaccines and combination therapies.
To avoid selection of tumor progression through expansion of SVN
non-expressing clones, future treatments should target multiple
tumor biomarkers in addition to SVN.

mitotic control and tumorigenesis [11,12]. In addition, posttranscriptional phosphorylation of SVN plays an important
role in its function. Cyclin dependent kinase 1 (CDK1) pro
motes phosphorylation of SVN at Thr34 during mitosis [13].
Polo-like kinase 1 (PLK1) catalyzes the phosphorylation of
SVN at Ser20, and phosphorylated SVN activates Aurora
B kinase activity, resulting in the abnormal cytokinesis and
chromosomal segregation that are the basis of many solid
tumors [14].

1.1.2. Mitochondrial SVN contributes to inhibition of
apoptosis in two main ways
Mitochondrial SVN inhibits apoptosis by binding to apoptosis
inducing proteins (Figure 2).
Two apoptosis inducing proteins, Cyt-C and SMAC (second
mitochondria-derived activator of caspase – also known as
direct inhibitor of apoptosis-binding protein with low pI,
DIABLO) in mitochondria – can be released into the cytoplasm
where they participate in formation of the apoptosome com
plex [15]. This activates pro-caspase-9 leading to induction of
apoptosis [16] (Figure 2). Phosphorylation of mitochondrial
SVN at Thr34 antagonizes this release of Cyt-C. Additionally,
following phosphorylation at Leu64,87 and Asp70,71, SVN
forms a complex with SMAC/DIABLO that suppresses its

a
Figure 1. SVN residues associated with its main functions.

release from the mitochondria and further inhibits apopto
some formation [2–4,17].
The second mechanism of SVN-mediated suppression of
apoptosis involves apoptosis-inducing factor (AIF). AIF is trans
ferred from the mitochondria intermembrane space into the
nucleus in response to apoptotic stimuli where it leads to DNA
fragmentation. SVN binding with AIF in the mitochondria pre
vents apoptosis by this caspase-independent pathway [3]
(Figure 2).
1.1.3. Cytoplasmic SVN is derived from both the nucleus and
mitochondria and acts to prevent apoptosis
SVN also exists in the cytoplasm where it inhibits apop
tosis through directly binding to caspase 3 or by inhibition
of caspase 9 through HSP60 and XIAP (Figure 2).
Deacetylation of residues 89–130 in SVN is necessary for
formation of monomeric SVN which is the form required
for nuclear export and inhibition of apoptosis [2]. When
released from mitochondria, SVN lacking phosphorylation
at Ser20 can bind with the X-linked inhibitor of apoptosis
(XIAP). This SVN-XIAP complex increases the stability of
XIAP, leading to increased inhibition of caspase-9-depen
dent apoptosis [4,18]. Phosphorylation at Thr48 is also cri
tical to the anti-apoptotic roles of SVN [3]. HSP90 and
HSP60 bind with SVN at residues 79–90 and act as molecu
lar chaperones, increasing SVN stability and its inhibition of
apoptosis (Figure 2) [4,19,20].

1.1.3. SVN is distributed in regenerative tissues and organs
SVN is widely expressed in embryonic and fetal organs where
it promotes mitosis and cellular proliferation [21]. In adult
organisms, SVN participates in the generation of bone marrow
stem cells, thymocytes [22] and the differentiation of erythro
cytes [23]. SVN is also required for the differentiation of leu
kocytes and the survival and maturation of dendritic cell (DC)
progenitors [24,25]. SVN plays an essential role in organ regen
eration after resection and promotes epithelial cell prolifera
tion [26].
SVN undergoes regulated partitioning between the
nucleus, mitochondria, cytoplasm, exosome and extracellular
matrix. Nuclear SVN binding with Aurora-B, INCENP, and
Borealin regulates mitosis. Mitochondrial SVN binding with
Cyt-C or SMAC/DIABLO and cytoplasm SVN binding with HSP
90 or XIAP inhibits apoptosis through binding to pro-caspase
-9 (intrinsic apoptosis). Mitochondrial SVN binds to AIF result
ing in inhibition of DNA damage. Cytoplasm SVN inhibits
apoptosis by binding to caspase-3 (extrinsic apoptosis).

b
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Figure 2. SVN cellular distribution and functions.

Cytoplasmic SVN can be released to extracellular matrix via
exosome trafficking.

1.2. Why is SVN important?
SVN is important as it is specifically expressed in tumor tissues
where it upregulates mitosis and cell survival while down
regulating apoptosis and cell death. Since SVN promotes cell
proliferation and inhibits apoptosis, it is thought that the
unlimited growth of cancer cells may to some extent result
from these functions of SVN. In 1998, during the Cancer Drug
Screening Program at the National Cancer Institute (USA), an
anti-SVN monoclonal antibody test found SVN expression in
60 human tumor cell lines [27]. Clinical trials in the last
20 years have detected high expression of SVN in most cancer
patients including melanoma [28–30], pancreatic cancer
[31,32], colon cancer [33,34], cervical cancer [35,36], lung can
cer [37,38], bladder cancer [39,40], diffuse large B-cell lym
phoma [41,42], and acute myeloid leukemia [43,44] among
others. This is in marked contrast to the absence or low
expression of SVN in healthy, differentiated cells.
This high correlation between cancer and SVN expression
highlights SVN as a promising cancer biomarker, both for
diagnosis/prognosis and treatment.

2. SVN as a biomarker for diagnosis/prognosis
2.1. SVN as biomarker for tumor progression
Upregulated SVN is correlated with cancer progression and
poor prognosis in patients across a wide range of tumor types

including glioma [45], breast cancer [46,47], cervical squamous
cell carcinoma (CSCC) [48], acute myeloid leukemia (AML) [49],
gallbladder cancers (GBC) [50], renal cell carcinoma (RCC) [51],
diffuse astrocytic tumors [52], and diffuse large B-cell lym
phoma [42].
Across these studies, SVN overexpression (mRNA and/or
protein) was significantly associated with advanced tumor
stage, poor tumor differentiation, and bad overall survival.
Moreover, the subcellular localization of SVN is correlated
with the classification of tumor tissue subtypes.
The diagnostic use of SVN has been assessed in a number
of clinical trials. For example in NCT00315653, urinary SVN
mRNA was evaluated as a diagnostic marker for bladder can
cer (tinyurl.com/yd7tedd7). In NCT02016833, SVN, together
with WT-1 and HPV16 E7 were used for the assessment of
specific immune responses (tinyurl.com/y8luvv8v).
As overexpression of SVN induces abnormal cell prolifera
tion, SVN expression has proved to be a useful marker of
hyperplasia in conditions such as benign prostatic hyperplasia
[53], endometrial polyps [54], colon polyps [55], and mesothe
lial hyperplasia [56].

2.2. SVN as a biomarker for metastasis
SVN is expressed in almost all cancers. During cancer devel
opment and progression, high levels of SVN expression result
in many unfavorable consequences including the stimulation
of cancer cell proliferation, inhibition of apoptosis, induction
of tumor stromal angiogenesis and reduction in the sensitiv
ity of cancer cells to radiotherapy and chemotherapy.
Collectively, these effects drive tumor metastasis. SVN
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expression levels are associated with lymph node metastasis
in cervical cancer [57] and research has shown that breast
cancer stem cells carrying an SVN gene knockout lost their
metastatic properties and underwent apoptosis [58].
Furthermore, knocking down SVN by siRNA significantly
decreases clonogenicity, migration, and invasion, suppres
sing tumor growth and lymph node metastasis in a mouse
model of cervical cancer [59], while high expression of SVN
was found in the metastatic lymph node tissues in thyroid
papillary carcinoma [60].
Thus, there is compelling evidence over many studies of
different tumor types for strong positive correlation between
expression of SVN and tumor metastasis, suggesting that SVN
might be a suitable biomarker to monitor progression of
malignancy.

2.3. SVN as a biomarker for autoimmune and
inflammatory diseases
In addition to cancer, SVN is overexpressed in autoimmune
and inflammatory diseases. In autoimmune disease, SVN
expression prevents apoptosis in autoreactive lymphocytes
and increases the production of autoantibodies and cytokines.
High SVN levels have been detected in many autoimmune and
inflammatory diseases including rheumatoid arthritis (RA)
[61,62], myasthenia gravis (MG) [63], multiple sclerosis (MS)
[64], systemic lupus erythematosus (SLE) [65], inflammatory
bowel disease (IBD) [66], and systemic sclerosis (SSc) [67]. In
NCT03444623, SVN was assessed both as a biomarker for
predicting the risk of developing rheumatoid arthritis (RA)
and as a prognostic marker for joint destruction in established
RA (tinyurl.com/y8fgj8zc). The results show that, along with
other clinical symptoms and serological measurements, test
ing serum SVN is helpful to identify those patients who will
progress from arthralgia to full RA [68]. In NCT03440892,
serum SVN was tested as a possible companion diagnostic to
assess therapeutic response in RA (tinyurl.com/ycetvvnk).

2.4. Combination of SVN test with other biomarkers
Other biomolecules besides SVN are already used extensively
as biomarkers for cancer prediction or prognosis. Well-known
examples include EGFR in molecular apocrine breast cancer
(MABC) [69], VEGF in colorectal cancer [70] and oncogenic
BRAF mutation [71] and KRAS mutations in pancreatic cancer
[72]. Since SVN is also upregulated in autoimmunity and
inflammation, for tumor diagnosis, it is necessary to combine
an SVN test with other biomarkers. For example, determina
tion of the levels for SVN and VEGF contributes to higher
accuracy of noninvasive diagnosis [73]; dual over-expression
of SVN and VEGF in peripheral blood is a valuable prognostic
marker in patients with squamous carcinoma of the larynx
[74]; and expression of both SVN and EGFR is useful in the
diagnosis of triple-negative breast cancer (TNBC) [75].
Combined expression of Aldh1, SVN and EpCAM is
a prognostic factor for survival and tumor recurrence in
colon cancer patients [76]. Finally, SVN is likely to be used as
a biomarker alongside p53 and cMyc in a combined test for

autoantibodies characteristic of cancer in general [77] and
small-cell lung cancer in particular [78].
In conclusion, SVN is a potentially useful marker for cancer
and inflammatory disease, indicative of stage or the risk of
progression. It is likely to be used in combination with other
markers to improve the sensitivity and specificity of such tests.

3. SVN as a target for cancer treatment
Although the number of publications on SVN has declined
slightly since a peak in 2015, the field remains extremely active
with a total of nearly 9,000 publications to date. This extensive
body of fundamental research has laid the foundation for
clinical studies on cancer treatment targeting SVN. However,
as SVN was only discovered in 1997 all ongoing clinical studies
are still at a relatively early stage (phase I or phase II). We
retrieved a list of ongoing SVN-related clinical trials from
ClinicalTrials.gov and these are summarized in Table 1.
The clinical studies mainly fall into two treatment cate
gories: (1) small molecule-based inhibitors aimed at direct
inhibition of SVN or SVN expression and (2) immunotherapytargeting tumor cells expressing SVN.

3.1. Small molecule inhibitors of SVN
Here, the general goal of an effective treatment targeting SVN
is to reduce its expression or activity. A common approach is
to suppress transcription or translation of SVN and its func
tionally related molecules including HIF-1α, Sp1/Sp3, PI3K/Akt,
KLF5, NF-κB, STAT3, E2F, β-catenin, and IL-4 [37,79]. These
molecules either interact with SVN or upregulate SVN expres
sion. Other important regulatory proteins such as p53, YY1,
Egr-1, and Rb downregulate SVN transcription and prevent
SVN expression [80].
Overexpression of interleukin enhancer-binding factor 3
(ILF3/NF110) enhances the promoter for the SVN gene(BIRC5).
This effect makes ILF3 an additional SVN target. Small molecules
targeting the above-mentioned genes and their products have
been studied both in vitro and in clinical trials. Sepantronium
bromide (YM155), a small molecule inhibitor of SVN, exerts its
effect by direct binding to ILF3/NF110, attenuating SVN gene
transcription in a concentration-dependent manner [81]. YM155
downregulates SVN expression and induces apoptosis in human
hormone-refractory prostate cancer (HRPC) cell lines [82] and
non-small-cell lung cancer (NSCLC) cell lines in nude mice [83].
The safety and efficacy of YM155 when combined with carbo
platin (C) and paclitaxel (P) was examined in patients with
advanced NSCLC in a phase I/II study (NCT01100931). The triple
combination exhibited a favorable safety profile but failed to
demonstrate an improvement in the response rate [84].
Another phase I study was conducted to evaluate the safety
and pharmacokinetics of YM155 in combination with the tyro
sine kinase inhibitor erlotinib in patients with EGFR TKI refractory
advanced NSCLC. The results suggest that inhibiting SVN is
a potential therapeutic target in this defined group of
patients [85].
EZN-3042, an SVN mRNA antagonist developed by Enzon
Pharmaceuticals Inc., is a modified RNA oligonucleotide in
which the ribose moieties are ‘locked’ in the 3ʹ endo
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Table 1. Ongoing clinical trials on SVN as therapeutic interventions in patients (Source: ClinicalTrials.gov).
TAAs

Intervention/treatment

Cancer type
Bladder cancer
Ovarian serous denocarcinoma, undifferentiated carcinoma
of ovary, cervical cancer, cervical intraepithelial neoplasia,
Grade 3, acute myeloid leukemia, chronic myeloid
leukemia
Rheumatoid arthritis, arthralgia, joint pain
Rheumatoid arthritis

Methotrexate, sulfasalazine,
abatacept, tocilizumab
drug, tofacitinib baricitinib
no
Hepatocellular carcinoma

IDO5 peptide, SVN
peptide
SVN peptide
SVN HLA class
I peptides
SVN HLA class
I peptides
SVN HLA class
I peptides
SVN HLA class
I peptides
SVN HLA class
I peptides
SVN HLA class
I peptides
SVN HLA class
I peptides
SVN53-67/M57-KLH
SVN53-67/M57-KLH
SVN53-67/M57-KLH
SVN53-67/M57-KLH

LY2181308 sodium
cytarabine idarubicin
Docetaxel
Carboplatin (C) and paclitaxel
(P)
Tolfenamic acid gemcitabine
radiation
Vincristine, doxorubicin,
prednisone, PEGasparaginase
Mithramycin
Chemotherapy:
temozolomide.
montanide, GM-CSF,
imiquimod
Montanide ISA-51
Low-dose oral
cyclophosphamide
Low-dose oral
cyclophosphamide
Epacadostat and low-dose
cytoxan
Low doses of
cyclophosphamide and
pembrolizumab
Low-dose oral
cyclophosphamide
Low doses of
cyclophosphamide and
pembrolizumab
Low doses of
cyclophosphamide and
pembrolizumab
ISA 51, GM-CSF
Incomplete Freund’s
adjuvant, lenalidomide,
GM-CSF
Montanide(ISA 51),
temozolomide
Incomple Freund’s adjuvant,
octreotide acetate, GMCSF

SVN peptide
SVN peptide
MUC1, SVN
MUC1, SVN

Granulocyte colonystimulating factor (G-CSF)
Combined with CIK cells, IL-2
adjuvant
Combined with CIK cells, IL-2
adjuvant
Combined with CIK cells

mRNAs- SOCS1,
MUC1, and SVN
p53, SVN, and hTERT Cyclophosphamide, celecoxib
peptide
and IL-2
TERT/Survivin MultiPeptide
hTERT and survivin
Temozolomide
mRNA
hTERT-mRNA and
SVN-peptide

First
Recruitment
posted Phase
status

Trial No.

2006
2013

Completed
Completed

NCT00315653
NCT02016833

2018
2018

Recruiting
Recruiting

NCT03444623
NCT03440892
NCT00415155

2006

I/II

Acute myeloid leukemia

2008

II

Withdrawn
(Trial
canceled)
Completed

Non-small-cell lung cancer
Non-small-cell lung cancer (NSCLC)

2010
2010

II
I/II

Completed
Completed

NCT01107444
NCT01100931

Pancreatic cancer

2014

I

Withdrawn

NCT02159248

Relapsed acute lymphoblastic leukemia

2010

I

Terminated/
halted

NCT01186328

Ewing’s sarcoma
Malignant Melanoma

2016
2012

I/II
II

Terminated
Terminated

NCT01610570
NCT01543464

Malignant, melanoma, pancreatic cancer, colon cancer,
cervical cancer
Ovarian cancer

2005

I/II

Unknown

NCT00108875

2011

I

Completed

NCT01416038

Diffuse large B-cell lymphoma (DLBCL)

2014

II

Active

NCT02323230

Ovarian Cancer

2016

I/II

Recruiting

NCT02785250

Diffuse large B-cell lymphoma (DLBCL)

2017

II

Recruiting

NCT03349450

Late-stage ovarian/Fallopian tube/Peritoneal cancer

2017

I

Active

NCT03332576

Advanced epithelial ovarian/Fallopian tube/Primary
peritoneal cancer

2017

II

Recruiting

NCT03029403

Solid tumor

2019

II

Recruiting

NCT03836352

Malignant glioma
Multiple myeloma

2010
2015

I
I

Completed
Recruiting

NCT01250470
NCT02334865

Newly diagnosed glioblastoma

2015

II

Active

NCT02455557

Metastatic neuroendocrine tumors (NETs)

2019

I

Recruiting

NCT03879694

Multiple Myeloma

2018

I

NCT03762291

Multiple myeloma

2016

I

Not yet
recruiting
Recruiting

Small-cell lung cancer

2016

I/II

Active

NCT02688673

Esophagus cancer

2016

I/II

Unknown

NCT02693236

Non-small-cell lung cancer

2016

I/II

NCT02688686

Melanoma

2005

I/II

Not yet
recruiting
Completed

Breast neoplasm breast cancer cancer of the breast
carcinoma, ductal
Metastatic malignant melanoma

2007

I

Completed

NCT00573495

2009

I/II

Terminated

NCT00961844

Advanced ovarian cancer

2011

I

Unknown

NCT01456065

NCT00620321

NCT02851056

NCT00197912

(Continued )
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Table 1. (Continued).
TAAs

Intervention/treatment

Amplified ovarian
Platinum treatment
cancer stem cell
mRNA, hTERT, and
SVN
Melan-A, MAGE, SVN
MAGE-3, MAGE-4,
SVN, HER2, COX-2

Cancer type

First
Recruitment
posted Phase
status

Trial No.

Recurrent epithelial ovarian cancer

2011

I/II

Terminated

NCT01334047

Cutaneous melanoma
Renal cell carcinoma

2003
2016

I/II
I/II

Completed
Not yet
recruiting

NCT00074230
NCT02787915

conformation with a methylene bridge [86,87]. Hybridization
of EZN-3042 to SVN mRNA blocks translation and promotes
tumor cell apoptosis by inhibiting SVN-dependent antiapoptotic activity. An initial phase I study (NCT01186328)
investigated EZN-3042 dose escalation and safety in children
with relapsed acute lymphoblastic leukemia (ALL). Although
EZN-3042 was well tolerated after single application, doserelated toxicity was observed on introduction of the combined
chemotherapy, resulting in termination of the study [88].
Both YM155 and EZN-3042 demonstrated inhibition of SVN
in cancer cell lines. Although YM155 was safe and well toler
ated in a phase I clinical trial, the efficacy of the compound
has not yet been confirmed in advanced clinical trials. In
contrast, EN-3042 has shown signs of efficacy, but the sample
size of the clinical trial was small and there was overt toxicity
when combined with other chemotherapies.
The other effective treatment to reduce the expression or
activity of SVN is the use of antisense oligonucleotide (ASO)
technology. LY2181308, an antisense molecule able to inhibit
or block SVN expression, demonstrated tolerable toxicity and
therapeutic responses when used as a single agent in earlyphase clinical trials [89,90]. A further trial (NCT00620321) using
LY2181308 as a single agent in patients with AML also showed
that it was well tolerated. Used in combination with cytarabine
and idarubicin, LY2181308 has shown a good safety profile
and some clinical benefit [91]. However, the combination of
LY2181308 with docetaxel did not show significant differences
in efficacy over docetaxel alone in patients with NSCLC
(NCT01107444), despite a concomitant increase in side effects
including neutropenia, anemia, thrombocytopenia, and sen
sory neuropathy [92].
Tolfenamic acid (TA) has been shown anticancer activity in
several cancer models, inhibiting both tumor growth and angio
genesis. As a small molecule inhibitor, it induces the degrada
tion of specificity proteins (Sps), leading to a decrease in
expression of SVN in various in vitro and in vivo tumor settings
such as pancreatic cancer cells [93,94], human medulloblastoma
(MB) cell lines, a mouse xenograft model [95], Ewing sarcoma
(ES) cells [96], and colon cancer cells [97]. Though these findings
point to the use of TA as a potential cancer treatment, a clinical
trial of TA in pancreatic cancer in 2014 was withdrawn without
a published reason (NCT02159248).
Mithramycin A (MIT-A), a DNA and RNA polymerase inhibi
tor, was shown to reduce the expression of SVN in in vitro and
in vivo studies in Drosophila and human cells [98], ES cells [99]
and an xenograft model of cervical cancer [100].
A 2017 clinical trial of MIT-A in ES patients showed no
clinical response and the trial was terminated early

(NCT01610570). Subsequent analysis showed that the average
plasma concentration of MIT-A after administration at the
maximum safe dose was substantially below the concentration
required for on-target effect [101].
In summary, the performance of small molecules of antiSVN drugs has fallen short of expectations based on cell line
data and animal models. None have performed satisfactorily in
phase I/II clinical trials, displaying either lack of significant
clinical benefits (LY2181308, YM55), or emergence of drug
resistance mutations coupled with side effects and off-target
toxicity (EZN-3042, mithramycin, anti-EGFR) [102,103].
There are a number of possible reasons for the failure of
the small molecule strategy:
First, most anti-SVN small molecules are dependent on the
inhibition of the SVN signaling pathway. These effects could
be bypassed by compensatory up-regulation of other path
ways involving IAP family proteins or the induction of different
isoforms of SVN resulting from alternative splicing. Second,
small molecule drugs can cause toxicity in humans due to ontarget or off-target toxicity. The anti-SVN small molecules
produced so far are perhaps not specific enough to discrimi
nate between these two possibilities.
Going forward, the strategy should therefore be to design
more specific ‘purpose-built’ inhibitors of SVN, and carry out
more research on the compensatory pathways to identify
synergistic combination treatments or dual inhibitors. In this
way, it might be possible to identify an agent that kills SVN
expressing cells directly, reducing the potential for the emer
gence of escape mutations.

3.2. Immunotherapies targeting SVN
Immunotherapies for cancer has shown great promise in
recent years. For targeting a TAA like SVN, any strategy should
include at least T cell-based immunotherapy, along with anti
body-based immunotherapy if the TAA (SVN) is expressed on
the surface of tumor cells. The modes of SVN immunotherapy
used so far in clinical trials include cancer vaccines; adoptive
dendritic cell (DCs, antigen presenting cells) based vaccines
and combinations of different immunotherapies. Although
several reports describe the expression of SVN on tumor cell
surface, antibody-based anti-SVN immunotherapies (including
CAR-T therapy) have not as yet translated into clinical trials.
The following subsections review the T cell–based vaccines
against SVN, DC-based vaccines, and combination therapies.
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3.2.1. Vaccines targeting SVN peptides
In cancer cells, overexpressed SVN can be degraded into pep
tides by cytoplasmic proteases. Antigenic SVN peptides then
associate with major histocompatibility complex I (MHCI) in
the cytoplasm. This SVN-MHCI complex is subsequently pre
sented on the outer surface of tumor cells via the exosome
pathway (Figure 2) [104,105]. This SVN-MHCI complex can also
be present and/or cross-presented by antigen presenting cells
(APC) allowing recognition by CD4+ and/or CD8 + T cell
receptors (TCR). This leads to activation of naïve T cells bearing
TCRs with the appropriate specificity, stimulating their clonal
expansion and differentiation into effector cells that can kill
tumor cells displaying the SVN-MHC complex.
Elevated SVN expression by tumor cells is an adaptation
that allows them to avoid apoptosis. Although this might be
expected to expose cancer cells to normal immune surveil
lance as described above, there is considerable evidence that
the immune system in cancer patients is inhibited from recog
nizing SVN epitopes, allowing tumor cells to escape killing.
However, the overexpression of SVN in tumors compared to
normal tissue makes it a good target for immunotherapy
aiming to break this tolerance. Vaccines targeting SVN might
therefore be an efficient strategy to activate lymphocytes and
kill the tumor cells with high SVN expression.
DPX-Survivac, developed by IMV, is a T cell activating vac
cine comprising SVN peptides in a proprietary oil-based deliv
ery system (DPX). The vaccine induces naïve T cells to
differentiate into polyfunctional antigen-specific CD4+
T helper and CD8+ cytotoxic T lymphocytes (CTLs). The
responsive immune cells can then target endogenously pro
duced SVN epitopes presented by human leukocyte antigen
(HLA) class I [106]. DPX-Survivac creates a depot at the injec
tion site from which the SVN peptides and adjuvant are
released, provoking a sustained immune response against
cancer cells expressing SVN, resulting in reduced tumor cell
proliferation and an increase in tumor cell death.
A phase I/II trial was carried out to determine the safety
and immunogenicity of DPX-Survivac when co-administered
with low dose oral cyclophosphamide in 30 patients with
ovarian cancer (NCT01416038). DPX-Survivac was well toler
ated and led to a sustained and high immune response
against tumor cells. The phase II DeCidE1 stage
(NCT02785250) treated 19 patients with advanced recurrent
ovarian cancer. Of these, 79% of patients achieved disease
control, 53% experienced tumor regressions and 37%
achieved durable clinical benefit lasting ≥ 6 months. These
results demonstrate that DPX-Survivac is a well-tolerated and
effective treatment with limited side effects [107]. Additional
clinical studies investigated the safety and efficacy of DPX
Survivac in combination with immune adjuvants. These stu
dies mainly focused on ovarian, fallopian tube cancer, perito
neal cancer and B-cell lymphoma (DLBCL). DPX-Survivac was
granted fast track application by the FDA as a maintenance
therapy in advanced ovarian, fallopian tube and peritoneal
cancers. The vaccine also received orphan drug status from
the FDA and the European Medicines Agency as a treatment
for all stages of ovarian cancer.
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SurVaxM (SVN53-67/M57-KLH) is a 15 amino acid peptide
encompassing human SVN amino acid residues 53–67 carrying
a substitution of cysteine to methionine at position 57. This mod
ification significantly increases the affinity of the peptide for MHC
on DCs. Keyhole limpet hemocyanin (KLH), a vaccine adjuvant, is
conjugated to SVN53-67/M57 by maleimide coupling to the
N-terminal cysteine [108]. This extended peptide encompasses
seven T cell epitopes, providing for effective presentation by at
least four HLA-A alleles and at least one B cell epitope allowing
assessment of humoral responses to the administered antigen.
Studies of murine glioma in vivo and human glioma cells ex vivo
have demonstrated that SurVaxM stimulates an effective antitu
mor immune response by activating SVN-specific CD8 + T cells,
stimulating SVN-specific CD4+ T cell proliferation and providing
tumor-specific CD4+ helper support [109].
NCT02334865 was a phase I safety study of SurVaxM admi
nistered in incomplete Freund’s adjuvant with GM-CSF in
patients with newly diagnosed multiple myeloma receiving
lenalidomide maintenance therapy. In NCT01250470, SurVaxM
was evaluated in patients with histologically confirmed SVNpositive malignant gliomas that had recurred or progressed
after therapy. The vaccine was administered with sargramos
tim (recombinant human GMCSF) and Montanide ISA51 as
adjuvants. The combination was well tolerated, and six of
eight patients developed humoral and cellular responses,
with three patients exhibiting a partial response or stable
disease for over 6 months [109].
Other clinical trials of SurVaxM investigating combinations
with a range of adjuvants such as sargramostim, temozolo
mide, ISA-51 or Sandostatin LAR include NCT02455557 (sargra
mostim) and NCT03879694 (ISA-51, sargramostim, and
Sandostatin LAR).
Single or pooled peptides also show promise as the basis of
cancer vaccines. However, they have certain drawbacks, such
as quality control during the manufacturing process and reg
ulatory uncertainty over whether pooled peptides will be
regarded as a single agent. The development of an ROP-SVN
protein-based vaccine is a variation on the use of pool pep
tides that should overcome the problem. The approach
involves identifying a set of overlapping peptides covering
the whole sequence of a target protein and linking them to
generate a recombinant overlapping peptide (ROP) containing
multiple T cell epitopes [110,111]. Furthermore, ROP-SVN is an
artificial protein without a native conformational, and should
therefore be devoid of SVN function. Thus, in contrast to
native SVN, ROP-SVN will not inhibit apoptosis. We have
shown that ROPs stimulate stronger CD4+, CD8+ T cell
responses than the native antigen [112]. A phase I clinical
trial with ROP-SVN is planned.

3.2.2. Dendritic cell (DC) vaccines targeting SVN
DCs are the most important antigen-presenting cells (APC) in the
mammalian immune system. For the most part, DCs exist in an
immature state, both in the circulation or resident in tissue. They
only mature and become activated after phagocytosis and pro
cessing of antigens. DCs exhibit high expression of the MHC
molecules which present processed antigens to T cells in the
form of an antigen-MHC complex. This complex can activate
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naïve T cells through antigen-specific engagement with the T cell
receptor. Activated T cells then differentiate to become specific
CD4+ T helper cells or specific CD8+ cytotoxic T cells (CTL) that
suppress infection or tumor growth. The significance of this
pathway is reflected in the fact that over 60% of immunotherapy
clinical trials using SVN have focused on a DC strategy to stimu
late strong and specific anti-tumor T cell responses (Table 1).
CVD908ssb is an attenuated Salmonella strain commonly
used as a bacterial vector to deliver TAAs into the cytosol of
APCs in situ. Xin Xu et al. constructed a CVD908ssb vector
encoding SVN [113]. They found that CVD908ssb-TXSVN
infected DCs induced antigen-specific CD8+ T cell responses
in vitro and in vivo. Vaccination with CVD908ssb-TXSVN
induced potent antitumor activity in murine models of neuro
blastoma and lymphoma. This finding is being clinically eval
uated in, a first-in-human study of the CVD908ssb-TXSVN
vaccine (NCT03762291). This phase I trial, in multiple myeloma
patients, started in 2019 and is scheduled to complete in 2022.
Established tumors can evade immune-detection of SVN
expression by limiting SVN availability to DCs – for example
by reducing MHC class I expression and causing more general
ized immunosuppression – by secreting factors like IL10 and
VEGF that inhibit DC maturation or recruit myeloid-derived
suppressor cells (MDSC). Together, these mechanisms prevent
the generation of SVN antigenic peptide-MHC complexes and
stimulation of SVN specific T-cells. An innovative strategy to
bypass this evasion is to derive DCs from the monocytes of
cancer patients which can then be loaded ex vivo with TAAs
such as SVN. The mature DCs are then infused back into
patients, where the SVN-MHC complex is presented to naïve
T cells, eliciting CD8+ CTL and CD4+ T helper responses to
recognize and kill the tumor cells. This ex vivo targeting of DCs
is more effective than relying on in vivo immunization.
The introduction of TAA genes into a bacterial or viral
vector has been widely explored as a way to create vaccines.
This approach is commonly used in a prime-boost strategy
where different vectors encoding the same target TAA gene
are used separately for priming and boosting.
Adenovirus is a non-enveloped double stranded DNA
virus. Its high infection efficiency, episomal nature, and abil
ity to infect a broad range of both replicating and nonrepli
cating cells mean that it has been widely used as a vector for
gene therapy applications and for recombinant vaccines. The
first use of an adenoviral vector carrying the SVN gene as an
immunotherapeutic vaccine targeting DCs was in prostate
cancer. DCs were collected from prostate cancer patients
and transduced with an adenoviral vector directing expres
sion of a full-length SVN gene. The T-cell response against
SVN peptides was tested after three rounds of ex vivo stimu
lation. The results demonstrated that DCs transduced with
SVN can induce SVN-specific CTL responses and kill tumor
cells [114].
NCT02851056 is an early phase I trial evaluating the safety,
efficacy and biological activity of a vaccine called Dendritic
Cell Survivin Vaccine (DC: AdmS) in multiple myeloma patients
undergoing autologous hematopoietic cell transplants (HCT).
The vaccine is made using DCs isolated from the patient’s own
blood transfected with a replication deficient adenoviral vec
tor carrying the SVN gene. Between 7 and 30 days after the

first vaccination with DC: AdmS, participants are given granu
locyte colony-stimulating factor (G-CSF) to mobilize progeni
tors from the bone marrow. CTLs and stem cells are then
collected by apheresis. Post-chemotherapy, T cells and CD34
progenitor cells are returned to the patient. Patients receive
a second round of DC: AdmS vaccination 20–34 days
after HCT.

3.2.3. Combining DC therapy with other vaccines
The epithelial-expressed glycoprotein mucin 1 (MUC1) is
another important tumor-associated antigen. A recombinant
adenovirus vaccine expressing both MUC1 and SVN (Ad-MS)
was evaluated in a mouse model of melanoma [115]. The
results showed that Ad-MS immunization enhanced CTL
responses to a combined SVN/MUC1 DNA vaccine nearly twofold. This was further enhanced by nearly 60% when vaccina
tion was combined with IL-2 as an adjuvant to promote T cell
proliferation. The authors proposed that the combined strat
egy may be effective in breaking through immune tolerance in
melanoma.
NCT02688673, NCT02693236, and NCT02688686 were phase
I/II immunotherapy studies in patients with small-cell lung
cancer, esophageal cancer, and advanced non-small-cell lung
cancer, respectively. The intervention in all cases involved
treatment with DC cells infected with an adenoviral vector
carrying SVN and MUC1 genes combined with cytokine
induced killer cells. The current status of these Chinese studies
is unclear, with no published results.
Telomerase (TERT) is a ribonucleoprotein complex that adds
short repeat sequences to the end of chromosomes, protecting
them from damage and allowing replication to extend to the
end of the unique sequences carried by the chromosome.
Human TERT (hTERT) is active in stem cells and most cancer
cells, but absent from most somatic cells. The lack of TERT in
somatic cells accounts for the progressive loss of telomere ends
at each round of cell division. As around 85% of human cancers
express hTERT, it is an attractive target for cancer immunother
apy. Jointly targeting SVN and hTERT may therefore minimize
immune escape due to antigen loss by cancer cells.
An early clinical study evaluated vaccination with DCs
pulsed with p53, SVN, and hTERT peptides in patients with
malignant melanoma. The results showed that the vaccina
tion was feasible and safe, and led to stabilization of disease
in 24% of patients [116]. Following this study, a phase 1/2
trial in patients with malignant melanoma (NCT00197912)
used DCs pulsed with p53, SVN, and hTERT as a vaccine in
combination with IL-2, cyclophosphamide and the NSAID
celecoxib to dampen immunosuppressive mechanisms. The
combined treatment was safe and well tolerated. The fraction
of patients with stable disease more than doubled and
6-month survival significantly increased compared to the
previous trial [116]. Clinical trials like NCT00573495,
NCT00961844, NCT01456065, NCT01334047 are examples of
other autologous DC vaccines targeting hTERT/SVN with dif
ferent adjuvants in various types of cancer. These four phase
I/II studies have no results posted.
Transfecting DCs with RNA is another effective way of
achieving antigen presentation. NCT00074230 was a phase I/II
trial evaluating vaccination with autologous DCs transfected
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with RNAs encoding TAAs for Melan-A, MAGE-3, and SVN
antigen in patients with stage IV cutaneous melanoma.
Pulsing the DCs with KLH to enhance antigen presentation
was tested in a subset of patients. In this trial, some of the
patients achieved full remission and/or survived for more
than 10 years, though two patients eventually developed
asymptomatic sarcoidosis following a durable response to
therapy [117].
In summary, immunotherapies targeting SVN is still at an
early stage. The advantage of immunotherapy over small
molecule-based therapies is that they directly induce tumor
cell death rather than indirectly through signal pathway dys
regulation. This is reflected in the more prosmising results
shown by immunotherapies in clinical trials, though there is
still much that needs to be done to optimize SVN
immunotherapy.

4. Conclusions
SVN plays an important role in cell proliferation and mitosis
throughout embryonic development and in adult stem cells.
The fact that most tumors overexpress this molecule to
support their growth and metastasis makes it a promising
biomarker for diagnosis and therapy. In keeping with this,
several clinical trials are underway to test its value as
a diagnostic or prognostic marker of tumor progression
and metastasis. In addition to its role in cancer diagnosis,
SVN is also being tested as diagnostic/prognostic marker for
autoimmune and proinflammatory diseases. Note that
because SVN is a marker for both cancer and autoimmunity,
it will be important to use it in combination with other
diagnostic markers to distinguish malignancy from inflam
matory disease.
SVN is a promising target for cancer therapy because, while
it is effectively absent from normal tissues, it is overexpressed
in most tumor types. Despite this promising observation, the
development of anti-SVN therapies for cancer has been slow,
though there has been some progress. Various modes of
treatment have been tested, ranging from small molecule
inhibitors to immunotherapies. The small molecule approach
is hindered by low efficacy and high toxicity. However, SVN
immunotherapies have shown more promise, with significant
efficacy in cancer cell lines and in mouse models. Although
clinical trials with anti-SVN agents are at an early stage, there
are already some preliminary indications of efficacy with
meaningful clinical benefit to patients.
Given the distinct role in cancer biology played by SVN,
there is still room for optimism that anti-SVN immunotherapy
will contribute to useful therapies. However, this is most likely
to be as part of a combination approach rather than as
a stand-alone therapy. Such combinations are likely to com
prise multiple TAA and delivery technologies, additional
immunotherapies (such as immune checkpoint inhibitors)
and small molecule drugs such as kinase inhibitors targeted
to tumor specific characteristics. Such a multi-agent approach
should create synergies that lead to dose reductions, minimize
toxicity, and allow therapy to be optimized for both tumor
and patient.
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A key issue is that many of the approaches discussed here
are complex interventions that involve ex vivo interventions
and/or autologous cell isolation, treatment and infusion. Such
treatments are likely to be difficult to operate at scale and
expensive. In this context, more straightforward immunization
strategies based on peptides or recombinant proteins – such
as ROP-SVN – stand out as more likely to be robust and
practical approaches.

4.1. Expert opinion: survivin as a biomarker for
diagnosis and therapy
Survivin (SVN) is both an attractive biological marker for diag
nosis and a compelling target for therapy in both autoimmune
diseases and cancer.
This is particularly true for cancer, where SVN expression is
associated with advanced tumor stage, poor tumor differentia
tion and low overall survival. These findings strongly support
the use of SVN both as a prognostic biomarker of cancer
progression and the basis of a companion diagnostic to moni
tor anti-SVN therapy.
(1) Survivin as a biological marker for diagnosis
Measurement of SVN will allow prognosis of cancer severity
and metastasis. Since SVN is expressed in most tumor types, it
will serve as a versatile diagnostic platform for use in multiple
tumor indications. However, one caveat is that other biomar
kers need to be used alongside SVN to exclude the possibility
that high SVN expression is due to autoimmune disease.
(2) Survivin as a biological target for treatment
SVN is also an attractive biomarker for treatment. At the
moment, the strategies targeting SVN focus on (1) small mole
cules that inhibit or trigger degradation of SVN, (2) immu
notherapy such as DC therapy targeting SVN epitopes, (3)
cancer vaccines using SVN or SVN-derived peptides.
Representatives of all three approaches have shown initial
evidence of efficacy in clinical trials.
Given the interest in SVN, it is surprising that there is still
uncertainty over its subcellular location. While most studies
find SVN is located predominantly intracellularly and in the
nucleus, it has also been reported that SVN can be found on
the cell surface. If this is the case, it will enable a new class of
SVN diagnostics and open the way to antibody and CART-based therapies.
(3) One safety issue and its solution
There is a theoretic but important safety consideration relating
to SVN-based therapies, particularly subunit vaccines and/or
SVN expressed vector-based vaccines. In both cases, artificially
elevating cellular SVN levels might inhibit cell death and
enhance cell division, leading to hyperplasia and increasing
the risk of developing new primary tumors.
One possible way to avoid this is to use a nonfunctional
version of SVN, such as a recombinant overlapping peptide
(ROP) as the immunogen instead of the wild-type protein. In
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an ROP construct, a synthetic gene is created that encodes
a complete set of overlapping peptides derived from the
native wild-type protein sequence. Each component peptide
overlaps its adjacent sequences by 10–20 amino acids, linked
by a short recognition sequence for a lysosomal protease. The
resultant ROP therefore encodes all T cell epitope information
from the wild-type protein, along with some B cell epitopes.
However, the wild-type conformation will be comprehensively
disrupted, and the ROP will lack the functions of the native
protein. Once an ROP enters antigen presenting cells, either
through phagocytosis (subunit vaccines) or expressed exogen
ously after delivery by a vector (vector-based vaccines), the
ROP will be cleaved into fragments and presented to stimulate
T and B cells. Thus, ROPs represent a powerful immunogenic
vaccine platform that lacks the safety concerns associated with
expression of native antigens – such as SVN – with intrinsic
physiological functions.
(4) Future perspective
The development of immune-oncology approaches has
moved us closer to the day when cancer will be viewed as
a manageable disease. However, the multiple routes of cancer
development and progression mean that no single therapeu
tic approach will be sufficient to achieve control. Even if tumor
growth is inhibited, cancer cells will always evolve to escape
monotherapy. Ideally, cancer treatment will need simulta
neously to target multiple pathways driving the proliferation,
survival and spread of cancer cells. To be effective, therefore,
anti-SVN therapy will need to be combined with agents that
target other established cancer biomarkers such as EGFR and
HER-2. Responses should be augmented with immuneoncological agents such as check point inhibitors or agonists
of co-stimulatory receptors such as 4-1BB. Finally, agents such
as angiokinase inhibitors that target tumor (lymph)angiogen
esis and the tumor microenvironment will potentiate cancer
cell killing and reduce the opportunity for tumor escape.
Nonetheless, the identification of SVN has provided another
important therapeutic target that can be exploited by the
rapidly expanding arsenal of targeted immune-oncology
modalities.
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