
Abstract. Background/Aim: An early evaluation concerning
the effectiveness of supportive oligonucleotide therapy (SOT)
in cancer as a monotherapy and in combination with other
types of treatment. Patients and Methods: This study
evaluated the clinical condition and performance status
(Karnofsky-Index) of 95 patients, post-SOT administration.
Furthermore, circulating tumor cells (CTCs) from 47
patients’ pre- and post-SOT administration were measured
and analyzed by repeated-measures ANOVA. Results:
Improvement of the clinical condition was observed in all
patients who used SOT (77.89%), SOT in combination with
other therapy (69.77%) and SOT as a monotherapy or no
information was given concerning another therapy (84.31%).
Positive results for Karnofsky-Index were also observed in
71.58%, 61.36%, and 80.39%, respectively. Finally,
statistically significant reductions in CTCs were observed for
both SOT as a monotherapy and SOT as an adjunctive
therapy. Conclusion: The preliminary results indicate that
SOT therapy can be used both as monotherapy as well as in
combination with other therapies for cancer.

It is known that the regulation of the expression of genes
involved in fundamental biological processes (apoptosis,
proliferation, etc.) can be an alternative treatment option in
cancer. Gene expression is controlled through a process called
RNA interference (RNAi), where small RNA molecules bind
to complementary messenger RNA (mRNA), causing its
degradation. Antisense therapy uses oligonucleotides, against
a specific mRNA, and contributes to cancer treatment by
either silencing genes essential for proliferation or inhibiting

the expression of anti-apoptotic proteins. Particularly, RNAi
is a normal biological process essential for the regulation of
gene expression. Double-stranded RNA (dsRNA) molecules
are degraded to shorter dsRNAs, which bind to a specific
region of mRNA through the complementarity of bases,
causing further degradation of mRNA and therefore no
translation (1). The short dsRNAs are derived by cleavage of
long dsRNA by Dicer, resulting in the production of
microRNAs (miRNAs), short interfering RNAs (siRNAs), and
piwi-interacting RNA (piRNA). Both miRNAs and siRNAs
then assemble with RNA-induced silencing complex (RISC)
and cause gene silencing (2). The applications of RNAi are
numerous, including exploration of the function of unknown
genes, identification of genes associated with drug resistance,
genes involved in signaling transduction pathways, or genes
implicated in disease progression or relapse. Furthermore,
RNAi has been used in the therapy of different diseases
including cancer, viral infections and respiratory diseases (3).

However, the main challenge using RNA molecules is their
protection from nucleases. The chemical modifications of
siRNA enable an increase in thermal stability, stability against
digestion by nucleases, and better bio-distribution (4). In
cancer, siRNA molecules contribute usually to the silencing
of either oncogenes or anti-apoptotic genes. The present study
aimed to identify whether the use of therapy based on
modified siRNA molecules, called also supportive
oligonucleotide therapy (SOT), could be beneficial for cancer
patients, using SOTs designed and produced based on
circulating tumor cells’ (CTCs) gene expression profile. The
data are based both on follow-up questionnaires received from
patients who suffered from cancer and received SOT therapy
in combination with other types of therapy or as monotherapy,
as well as on CTCs measurements between SOT doses.

Patients and Methods
Samples. The study included 95 cancer patients, both male, and
female, representing different types of cancer. The study also
included patients both with solid as well as with hematological
malignancies. The sample distribution was random including
samples from Europe and USA. 
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All procedures were conducted according to the standards of
Safety, Bioethics, and Validation. The study was reviewed and
approved by the Bioethical Committee of the Research Genetic
Cancer Centre Group. All patients/donors provided written consent
for the use of their samples in the present study. The patients
retained the right to withdraw their samples until the date when the
sample was received at the laboratory and tested.

Blood sample preparation. A total of 20-30 ml of blood were
collected from all patients and placed in 50ml sterile falcon tubes
(4440100, Orange Scientific, Braine-l’Alleud, Belgium) containing
7 ml of 0.02 M EDTA (E0511.0250, Duchefa Biochemie B.V.,
Haarlem, The Netherlands). For cancer patients, whole-blood
samples were centrifuged for 20 min at 2500×g at room temperature
(RT) with 4 ml polysucrose solution (Biocoll separating solution
1077, Biochrom, Berlin, Germany). Mononuclear cells, lymphocytes,
platelets, and granulocytes were collected after centrifugation and
washed with phosphate-buffered saline (PBS) (P3813, Sigma-
Aldrich, Hamburg, Germany). The cells were incubated in lysis
buffer (154 mM NH4Cl,31107, Sigma-Aldrich), 10 mM KHCO3
(4854, Merck, Darmstadt, Germany), and 0.1 mM EDTA in
deionized water) for 10 min to lyse the erythrocytes. Samples were
then centrifuged as above and washed with PBS. Cells were then
incubated with pan-cytokeratin beads (recognizing CK4, CK5, CK6,
CK8, CK10, CK13, and CK18) (5c-81714, Gentaur, Kampenhout,
Belgium) at 4˚C for 30 min. Following incubation, the samples were
placed in a magnetic field to collect microbead-bound cells for pan-
cytokeratin, which were washed with PBS. 

Molecular analysis. Following detection and isolation of CTCs, total
RNA was extracted using a RNeasy mini kit (74105; Qiagen, Hilden,
Germany). Then, 1 μg extracted RNA was prepared for DNA
microarray experiments using an Amino Allyl MessageAmp II kit
(AM1753; Ambion, Berlin, Germany). Labeling was performed with
an Amersham CyDye post-labeling reactive dye pack (RPN5661; GE
Healthcare, Freiburg im Breisgau, Germany). Reference (Cy3-
labeled) and patient’s samples (Cy5-labeled) were mixed and co-
hybridized using the Human MI ReadyArray platform (HS1100;
Microarrays Inc., Huntsville, AL, USA). An HS 400 Pro
hybridization station (Tecan, Männedorf, Switzerland) was used for
pre-and-post hybridization processes and washing–drying steps.
Slides were imaged on an InnoScan 710 (Innopsys, Carbonne,
France) scanner with 5-μm resolution. Scanned microarray image
data were processed using Array-Pro Analyzer 6.3 software. Data
were normalized using background subtraction. Genes that were
overexpressed were validated with qPCR reactions. For qPCR, 1 μg
of RNA was used for cDNA synthesis and real-time quantitative
PCR (RT-qPCR) reactions. For cDNA synthesis, the authors used the
PrimeScript RT reagent kit (RR037A; Takara, Saint-Germain-en-
Laye, France) and for RT-qPCR the KAPA SYBR Fast master mix
universal (×2) (KK4618; Kapa Biosystems, Hamburg, Germany); the
final reaction was 20 μl. All the primers for genes of interest and
housekeeping genes were designed on Beacon Designer 8. Primer
sequences were evaluated using the Basic Local Alignment Search
Tool to exclude primers that would amplify undesired genes.
Samples were analyzed by PCR as follows: 95˚C for 2 min, followed
by 45 cycles of 95˚C for 10 s and 59˚C for 30 s. Upon amplification,
a melting curve analysis was performed from 70˚C to 90˚C at 0.5˚C
increments for 5 s at each step. PCR data were analyzed by the
ΔΔCt method (5). In all reactions, cDNA synthesized from Universal

Human Reference RNA (740000-41; Agilent, Santa Clara, CA, USA)
was used as a positive control. Additional controls, including no-
template and negative controls, were also used in all experiments.
The reactions were performed in triplicate. 

siRNA molecules against genes associated with essential
procedures of tumor progression, such as invasion, apoptosis,
migration, etc., were designed following the rules of Reynolds et al.
(6). Patients’ CTCs transfected using Xfect reagent (631317; Takara,
Beijing, PR China), according to the manufacturer’s instructions and
24-48 h post-transfection cells were validated with cellular and
molecular assays. 

SOT production – administration. Following the validation of
siRNA, modified dsRNA molecules were designed and produced
using the Oligomaker48 DNA/RNA Synthesizer. dsRNA molecules
were then freeze-dried and tested for the presence of pathogens as
well as for the tightness of each tube and send to the clinicians. Upon
arrival, SOT was reconstituted in 1 ml of water for injection and
dissolved. Then, the solution was placed in a syringe and added 9ml
of water for injection. The final solution was applied intravenously. 

Questionnaire. The questionnaire used in the present study included
information about the patient, date of birth, type of malignancy, and
date of last therapy. Then, a clinical evaluation was requested as well
as a Karnofsky-Index scale, at least 3 months after SOT administration.

Descriptive statistics. For the descriptive models of the data two
response scales were used. The first one was based on the clinical
evaluation which categorizes tumor responses into 4 categories:
complete response (CR), partial response (PR), stable disease (SD),
and progress disease (PD). According to WHO, CR indicates the
disappearance of the disease, PR over 50% decrease in target
lesions, SD neither partial response nor progressive disease and PD
appearance of new lesions, or unequivocal progression of non-target
lesions (7). The other scale was based on Karnofsky Performance
Scale Index (KI), which classifies patients based on their functional
impairment. This scale covers 11 stages from 100 (normal health)
to 0 (death). Therefore, the lower the Karnofsky Index, the worse
the survival of the patient (8). In this study, we consider as a
positive evaluation of SOT therapy the sum of CR, PR, and SD, as
well as KI >80. Then, response-based histograms were generated
for studying the efficacy of SOT treatment on cancer.

Inferential statistics. For hypothesis testing, one-way repeated-
measures ANOVA was used, since it has traditionally been widely
applied in assessing differences in non-independent mean values (9).
It is the extension of the paired t-test (used to compare the means
between two dependent groups), comparing the means between
three or more dependent groups (10). This model can be used either
(a) to assess differences in an outcome serially measured at different
time points in the same subjects or (b) to compare means in which
some outcome has been measured in the same subjects under
different conditions (e.g., different treatments). The tested null
hypothesis is that all related means are equal. Since ANOVA gives
an overall p-value, it does not identify which group means are equal
or not. This can be achieved by performing post-hoc tests, namely
pairwise comparisons of either selected means of interest or all
possible combinations of means. This involves testing multiple null
hypotheses, and therefore the significance criterion is adjusted
accordingly. In this study, we used a Bonferroni adjustment. Finally,
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since ANOVA is based on the assumption that all sample
populations are normally distributed, in order to check the normality
of the dataset the Shapiro-Wilk test was utilized (11). The statistical
analysis was performed in the R environment (12) using packages
such as tidyverse for data manipulation and visualization (13),
ggpubr (14) for creating publication-ready plots, and rstatix for
statistical analyses (15). 

Results

Descriptive statistics.
Cancer patients. The data used for the analysis concerned 95
patients aged 41 to 87 years with an average of 59 years,
where 46 of them were female and 49 were male respectively.
The majority were breast cancer patients (32.00%), followed
by prostate cancer patients (20.00%), colorectal cancer
(9.00%), and lung cancer (7.00%) The distribution of cancer
data is presented in Figure 1. More than half of patients
received SOT in combination with other types of therapy
(58.00%), while the rest (42.00%) used SOT as monotherapy.

All cancer types. In Figure 2A, a histogram of the clinical
evaluation concerning SOT and cancer is presented. As
shown in this figure, for the generation of the histogram, all
patients were taken into account irrespective of cancer type

or whether SOT was combined with another therapy. The
study of follow-up questionnaires revealed that for clinical
evaluation most answers were PR (40), 23 were SD, 21 PD,
6 PR-SD, and 5 CR. Considering as a positive evaluation of
the sum of CR, PR, and SD, the percentage of a positive
evaluation of SOT for cancer reaches the value of 77.89%
(74/95). Also, Figure 2B shows the histogram of KI.
Considering as positive evaluation KI values above 80 (KI
>80), corresponding to normal activity and/or normal activity
with minor symptoms of a disease, it can be seen that for 68
patients the KI values were above 80 and for 27 patients
below 80. Therefore, the percentage of positive evaluation,
in this case, was estimated to be 71.58% (68/95). 

Similar results were obtained also for sub-datasets
considering either patients who have taken another therapy
or patients who haven’t or there was no information for this.
The results are summarized in Table I. In particular,
considering the combination of SOT with another therapy,
the results of clinical evaluation showed a percentage of
positive evaluation equal to 69.77% (30/43). The respective
percentage for KI was 61.36% (27/44). Finally, considering
a sample of patients treated with SOT for which no extra
therapy was taken or no information was available, the
respective percentage for clinical evaluation was 84.31%
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Figure 1. Representation of a percentage cycle chart for cancer cases following supportive oligonucleotide therapy.



(43/51), while for KI was 80.39% (41/51). Summarizing, the
results indicate that SOT therapy for cancer patients is
efficient and can be combined (or not) with other therapies. 

Cancer-specific. Figure 3 presents the distribution of clinical
evaluation of patients receiving SOT therapy depending on
the type of cancer in a pie chart. SOT response rates indicate
that the clinical evaluation of cancer patients receiving SOT
therapy varies depending on the type of cancer. From the
patient samples, it was observed that the percentage of
response to treatment for cancer patients is higher for
leukemia (100%), prostate cancer (95%), colorectal (88%),
and breast (81%).

Inferential statistics.
SOT as monotherapy. In the case of SOT as a monotherapy,
25 individuals with a median age of 62 years were measured
three times on the same outcome variable (CTCs counts) and
the One-Way repeated Measures ANOVA test was applied to
investigate statistically significant differences (decreases) of
the CTCs between SOT doses in patients. However, ANOVA
is based on the assumption that all sample populations are
normally distributed. In order to check the normality of the
dataset, the Shapiro-Wilk test was utilized. This test gave, as
a result, a p-value>0.05 indicating that normality isn’t
violated and therefore the application of one-way repeated
measures ANOVA is feasible. The statistical results are
represented in Figure 4, where the time points of the doses
are in the x-axis and CTCs counts in the y-axis. The asterisks
denote significance codes, namely ‘****’ stands for p-value
≤0.0001, ‘***’ stands for p-value ≤0.001, ‘**’ stands for p-
value ≤0.01, and ‘*’ stands for p-value ≤0.05. At t0, which
corresponds to the initial measurement before the first SOT
administration, the CTCs were found to have a mean value
of 5.23±0.67 for 95% confidence intervals (CI). At t1, which
corresponds to CTC measurements after the first
administration, the mean value was found equal to 4.63±0.55

for 95%CI. Finally, at t2, which corresponds to the CTC
counts after the second administration, the mean value was
found to be 4.05±0.47 for 95%CI. As it can be seen, there is
a large decrease in the mean value of the CTCs counts after
the first and the second administration respectively. Indeed,
the application of one-way repeated measures ANOVA
revealed that the means of these three groups are not all
equal with a p-value<0.05. In particular, the obtained F-
statistic value was 25.07 (the comparison is made with F-
test) and the amount of variability due to the within-subjects
factor (ges) was 0.511. These results are shown in Table II.

Finally, to find which pairs of means were significantly
different, a multiple comparison test was conducted and the
results are also depicted in Table II. Particularly, Table II
shows the adjusted p-values (Bonferroni adjustment)
corresponding to the multiple pairwise comparisons. As it
can be seen, all three pairwise comparisons, namely t0 with
t1, t0 with t2, and t1 with t2, revealed significant differences
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Figure 2. Histograms of clinical evaluation and Karnofsky Index. (A) Histogram of clinical evaluation of supportive oligonucleotide therapy (SOT)
for all samples. (B) Histogram of Karnofsky Index of SOT for all samples.

Table I. Summary of results concerning Clinical Evaluation and
Karnofsky index for supportive oligonucleotide therapy (SOT). The
percentages denote the efficacy of the method for three different cases
taking into account: all samples, samples which were treated also with
an adjunctive therapy and samples which were treated only with SOT
(no extra therapy) or for which no information was available whether
were treated or not with another therapy. For clinical evaluation
efficacy was estimated as the sum of complete response (CR), partial
response (PR), and stable disease (SD) and for Karnofsky Index values
above 80 were considered. All cancer types were taken into account.

SOT                     All samples          Adjunctive           No adjunctive 
                                                            therapy         therapy - information

Clinical             74/95=77.89%     30/43=69.77%        43/51=84.31%
evaluation
(CR+PR+SD)

Karnofsky
index (>80)      68/95=71.58%     27/44=61.36%        41/51=80.39%



related to decreases in CTCs counts, namely p.adj-
value<0.05 for t0-t1 groups’ comparison, p.adj-value<0.05
for t0-t2 groups’ comparison, and p.adj-value<0.05 for t1-t2
groups’ comparison.

SOT as adjunctive therapy. In the case of SOT as a
complementary therapy, the three repeated measures of
CTCs from 22 patients with a median age of 67 years were
analyzed using the same procedure described previously. In
particular, the data were checked for normality using the
Shapiro-Wilk test, giving a p-value>0.05. Therefore, the
normality assumption was verified. The statistical results are
represented in Figure 5 (similar to Figure 4), where the time
points of the doses are on the x-axis and CTCs counts on the
y-axis. At t0, which corresponds to the initial measurement

before the first SOT administration, the CTCs were found to
have a mean value of 4.15±0.51 for 95%CI. At t1, which
corresponds to CTCs measurements after the first
administration, the mean value was found equal to 3.65±0.53
for 95%CI. Finally, at t2, which corresponds to the CTC
counts after the second administration, the mean value was
found to be 3.01±0.43 for 95%CI. As it can be seen, there is
a large decrease in the mean value of the CTC counts after
the first and the second administration. Indeed, the
application of one-way repeated measures ANOVA revealed
that the means of these three groups are not all equal with a
p-value <0.05. In particular, the obtained F-statistic value is
27.101 and the amount of variability due to the within-
subjects factor (ges) is 0.563. These results are shown in
Table III.
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Figure 3. Clinical evaluation of patients receiving supportive oligonucleotide therapy (SOT) depending on the type of cancer (showing only
percentages above 6%).



Finally, to find which pairs of means are significantly
different, a multiple comparison test was conducted and the
results are also depicted in Table III. Particularly, Table III
shows the adjusted p-values (Bonferroni adjustment)
corresponding to the multiple pairwise comparisons. As it
can be seen, all three pairwise comparisons revealed

significant differences related to decreases in CTCs counts,
namely p.adj-value <0.05 for t0-t1 groups’ comparison,
p.adj-value<0.05 for t0-t2 groups’ comparison, and p.adj-
value <0.05 for t1-t2 groups’ comparison.

Overall, the statistically significant reduction of the
mean CTC’s values in both cases (SOT as a monotherapy
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Table II. ANOVA and Bonferroni correction for circulating tumor cell differences in supportive oligonucleotide therapy as a monotherapy.

ANOVA summary

Effect                                    DFn                            DFd                               F                            p-Value p<0.05 ges

Time                                        2                                 48                             25.07                        3.51e-08 * 0.511

Bonferroni correction

.y.                         Group1                Group2             n1                 n2               Statistic                   df p-Value p.adj p.adj.signif

1 CTCs_                   t0                          t1                  25                 25             c(t=5.271)           c(df=24) 2.09e-05 6.27e-05 * * * *
2 CTCs_                   t0                          t2                  25                 25             c(t=5.447)           c(df=24) 1.35e-05 4.05e-05 * * * *
3 CTCs_                   t0                          t2                  25                 25             c(t=3.794)           c(df=24) 0.000885 0.003 * *

Figure 4. The boxplots of circulating tumor cells’ (CTCs) counts, measured for supportive oligonucleotide therapy (SOT) as a monotherapy, at the
different time points t0 (before the first SOT administration), t1 (after the first SOT administration), and t2 (after the second SOT administration).
The decreases in the mean values of CTCs were found to be statistically significant.



as well as a supportive treatment) over time is a strong
indication that SOT therapy, appears to play an important
role as an effective measure against a further increase of
the circulating tumor cells, regardless of any other
alternative treatment or intervention (surgery or
chemotherapy/radiotherapy).

Discussion

The present study aimed to provide an early evaluation of
the use of siRNAs in cancer patients, either as monotherapy
or in combination with other types of therapy. These siRNA
molecules, SOTs, were designed based on patients’ CTC
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Table III. ANOVA and Bonferroni correction for circulating tumor cell differences in supportive oligonucleotide therapy (SOT) as an adjunctive
therapy.

ANOVA summary

Effect                                    DFn                            DFd                               F                            p-Value p<0.05 ges

Time                                        2                                 42                            27.101                       2.76e-08 * 0.563

Bonferroni correction

.y.                         Group1                Group2             n1                 n2               Statistic                   df p-Value p.adj p.adj.signif

1 CTCs_                   t0                          t1                  22                 22             c(t=4.456)           c(df=21) 0.000218 0.000654 * * *
2 CTCs_                   t0                          t2                  22                 22             c(t=6.477)           c(df=21) 2.03e-06 6.09e-06 * * * *
3 CTCs_                   t0                          t2                  22                 22             c(t=3.785)           c(df=21) 0.001 0.003 * *

Figure 5. The boxplots of circulating tumor cells’ (CTCs) counts, measured for supportive oligonucleotide therapy (SOT) as an adjunctive therapy,
at the different time points t0 (before the first SOT administration), t1 (after the first SOT administration) and t2 (after the second SOT
administration). The decrease in the mean value of CTCs was found to be statistically significant.



gene expression profiles and targeted anti-apoptotic proteins.
The products were validated with in vitro assays before
injection in patients and quality controls performed during
and after the production to ensure pathogen-free products. 

In particular, the clinical status evaluation of all patients
who used SOT therapy for cancer was positive in 77.89%,
whereas a positive evaluation was also found based on KI
scale since 71.58% of the answers were above 80 on the KI
scale. Among patients who used SOT in combination with
other therapy, 69.77% of them had a good clinical status
evaluation, whereas a positive evaluation was found based on
KI scale, since 61.36% of the answers were above 80
according to the KI scale. For patients who used SOT as
monotherapy (or no information was given concerning another
therapy), the positive clinical status reached 84.31%, whereas
80.39% of the answers were above 80 on the KI scale. As far
as the type of cancer is concerned, the clinical status
evaluation revealed that the higher response was observed in
leukemia (100%), prostate (95.00%), colorectal (88.00%), and
breast cancer (81.00%). Finally, statistically significant
reductions in CTCs were found over time, both for 25 patients
who received SOT as an exclusive treatment (adjusted p-value
<0.05), as well as for those (22) who used it as adjunctive
therapy or no information was given concerning another
therapy (adjusted p-value <0.05). Overall, these preliminary
results, based on both descriptive as well as inferential
statistics, indicate that SOT can be used either as monotherapy
or combined with other therapies to improve patients’ states.

Gene silencing, apart from a normal process of living cells,
can be a useful and powerful tool for scientists against
different diseases. The use of siRNAs as a therapeutic is very
promising since it could target genes that other molecules
cannot. These molecules can be used either naked or
conjugated with lipids or other molecules (GalNAc). The
majority are in clinical trials, at different phases and only a
few have been approved by the FDA (16). Onpattro is the first
FDA-approved RNAi drug and is a lipid nanoparticle-based
short interfering RNA drug designed for polyneuropathies
induced by hereditary transthyretin amyloidosis (17, 18).
Antisense nucleotides have been also used with success in
neuromuscular diseases, like Duchenne muscular dystrophy or
spinal muscular atrophy, where not many effective therapies
have been developed (19). In addition, the siRNA has been
used in the hepatitis C virus (HCV), blocking its replication
through the destruction of HCV RNA or in other viruses (20).
The RNAi therapy can be used also in chronic human virus
infections, and the use of nanocarriers enhances the benefit for
patients (21). Knockdown of particular proteins, such as
selenoprotein K leads to depletion of Borrelia burgdorferi
within the tick host Ixodes scapularis, indicating that there is
a wide range of therapeutic applications for siRNA molecules
(22). Therefore, it can be expanded also to cancer therapy,
particularly in cases where overexpression of proteins is

involved in tumorigenesis or tumor progression. In most cases,
RNAi is used in cancer to silence oncogenes and anti-
apoptotic genes. Targeting of Bcl2 anti-apoptotic protein,
through degradation of Bcl2 mRNA, is very common in
cancer treatment of different types of cancer (23). The
modification of siRNA molecules leads to an increase of
protection against nucleases, and better pharmacokinetic
properties, therefore these molecules can be used in clinical
practice (4). The most common modification is the 2’ position
of the ribose backbone (2’-O-methyl, 2’-O-methoxyethyl, 2’-
deoxy-2’-fluorouridine), or changes of the phosphate linkage
of siRNA (24). siRNA molecules can be administered
quarterly, to increase the therapeutic effect, without problems
for patients, something that is not feasible with small
molecular weight molecules or antibodies (25).

Despite the small number of samples considered in this
study, we showed that the use of SOTs in cancer can be very
beneficial for patients. siRNA molecules are safe and specific
on targeting, therefore can be used in cases where other drugs
cannot. Even though more samples need to be tested to be
used at clinical routine, these preliminary statistical results
concerning SOT therapy in cancer are encouraging.
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