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Abstract

Background and aims Prognostic biomarkers identifying patients with early tumor progression after local ablative
therapy remain an unmet clinical need. The aim of this study was to investigate circulating miR-21 and miR-210 levels
as prognostic biomarkers of HCC treated by CT-guided high-dose rate brachytherapy (HDR-BT).

Materials and Methods 24 consecutive HCC patients (BCLC A and B) treated with CT-guided HDR-BT (1 X 15 Gy)
were included in this prospective IRB-approved study. RT-PCR was performed to quantify miR-21 and miR-210 levels
in blood samples acquired prior to and 2 d after HDR-BT. Follow-up imaging (contrast-enhanced liver MRl and whole-
body CT) was performed in 3 months follow-up intervals. Therapy response was assessed with patients classified

as either responders or non-responders (12 each). Responders were defined as having no local or diffuse systemic
progression within 6 months and no diffuse systemic progression exceeding 3 nodules/nodule diameter>3 cm

from 6 months to 2 years. Non-responders had recurrence within 6 months and/or tumor progression with >3 nod-
ules or individual lesion diameter >3 cm or extrahepatic disease within two years, respectively. Biostatistics included
parametric and non-parametric testing (Mann-Whitney-U-test), as well as Kaplan—Meier curve construction.

Results The responder group demonstrated significantly decreasing miR-21 values 2 d post therapy compared

to non-responders (median miR-21 Q~AACT. responders 0.73 [IQR 0.34], non-responders 1.53 [IQR 1.48]; p=0.0102).
miR-210 did not show any significant difference between responders and non-responders (median miR-210 2744
responders 0.74 [IQR 0.45], non-responders 0.99 [IQR 1.13]; p=0.8399). Kaplan—Meier curves demonstrated signifi-
cantly shorter time to systemic progression for increased miR-21 (p=0.0095) but not miR-210 (p=0.7412), with events
accumulating > 1 year post therapy in non-responders (median time to systemic progression 397 days).

Conclusion Increasing circulating miR-21 levels are associated with poor response and shorter time to systemic
progression in HDR-BT-treated HCC. This proof-of-concept study provides a basis for further investigation of miR-21
as a prognostic biomarker and potential stratifier in future clinical trials of interventional oncology therapies.

Trial registration: In this monocentric clinical study, we analyzed prospectively acquired data of 24 patients
from the “ESTIMATE" patient cohort (Studiennummer: DRKS00010587, Deutsches Register Klinischer Studien). Ethical
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Background

Image-guided local tumor ablation is a mainstay in the
modern interdisciplinary, multimodal treatment of hepa-
tocellular carcinoma (HCC). According to the current
European Society of Medical Oncology (ESMO) guide-
lines, local tumor ablation using radiofrequeny ablation
(RFA) is a first-line treatment option in very early-stage
[1] (Barcelona Clinic Liver Cancer/BCLC 0) and early-
stage HCC (BCLC A, up to three nodules<3 cm). As
an alternative to RFA, computed tomography (CT)-
guided high-dose rate brachytherapy (HDR-BT) may be
performed, with excellent local tumor control rates and
safety profile [1-3]. Compared to RFA, HDR-BT is not
limited by tumor size, exophytic tumor growth, or the
heat-sink effect [1]. Despite favorable hepatic tumor con-
trol and survival rates achieved by local tumor ablation,
response prediction, i.e. early differentiation of respond-
ers and non-responders, remains an unmet clinical need.
Furthermore, prognostic biomarkers identifying patients
with early local or systemic tumor progression after local
ablative therapy would potentially allow for an individu-
alized administration of adjuvant drugs to optimize ther-
apy response.

In recent years, micro-ribonucleic acids (miRs) have
gained attention as regulators of complex biological func-
tions and processes in various mammalian cells [4]. miRs
are short non-coding nucleic acids with 18-24 nucleo-
tides found within cells and circulating in the blood [5].
miR-21 is a key player in various types of liver disease,
including alcoholic liver disease, non-alcoholic fatty liver
disease, fibrosis and HCC [6, 7]. It was demonstrated that
high miR-21 expression is associated with tumor progres-
sion in HCC, which is predominantly mediated by phos-
phatase and tensin homolog (PTEN) [8—11]. Induced by
hypoxia, miR-210 is another miR involved in HCC tumor
progression [12, 13]. miR-210 has been shown to induce
tumor angiogenesis in HCC by activation of fibroblast
growth factor receptor-like 1 (FGFRL1) [13]. Both miR-
21 and miR-210 demonstrate increased plasma levels
shortly after thermal ablation of HCC nodules, peaking at
60—90 min post intervention and normalizing within one
week [14]. However, it remains to be determined whether
plasma levels of miR-21 and miR-210 yield prognostic
value with regard to patient outcome in HDR-BT-treated
HCC. Accordingly, the aim of this prospective study was
to investigate the potential of plasma miR-21 and miR-
210 as prognostic biomarkers in CT-guided HDR-BT. We

hypothesized that plasma levels of miR-21 and miR-210
before and 48 h after local ablation allow for response
prediction in HCC patients treated with CT-guided
HDR-BT.

Materials and methods

Study design and eligibility criteria

This is an analysis of patients from a prospective
cohort investigating the systemic effects of HDR-BT
in HCC. Patients were recruited between August 2017
and November 2019 and provided written informed
consent for both the local ablative treatment and
study inclusion. Median follow-up was 15 months
(6—40 months/183-1224 days, mean 20 months). Eligi-
bility criteria included previously untreated HCC stage
BCLC A and B and absence of any immunodeficiency or
immunosuppressive therapy such as cortisone treatment
up to two weeks prior to study inclusion. With regard
to tumor size, HDR-BT allowed for inclusion of larger
tumors up to 10 cm.

Study procedures

Prior to local tumor ablation, contrast-enhanced CT of
chest, abdomen, and pelvis as well as Gd-EOB-DTPA-
enhanced liver MRI (Primovist®, Bayer Vital GmbH
Gb Pharma, Leverkusen, Germany) was performed for
tumor detection and staging. Before HDR-BT, local anes-
thesia (lidocaine) as well as intravenous analgesia (fen-
tanyl) and sedation (midazolam) were administered at
weight-adapted doses and with regard to individual dis-
comfort and pain levels. Subsequently, the target tumors
were punctured using an 18-gauge needle (Bard® Mis-
sion"", Disposable Core Biopsy Instrument, Bard Periph-
eral Vascular Inc, Tempe, AZ, 18 Gauge, 2 cores each,
penetration depth 10 and 20 mm) under CT fluoroscopic
guidance (SOMATOM Edge, Siemens Healthineers
AG, Forchheim, Germany). A flexible 6-French catheter
sheath (Radifocus, Terumo, Tokyo, Japan) was intro-
duced over a rigid angiographic guidewire (Amplatz,
Boston Scientific, Marlborough, USA) using Seld-
inger technique. Then, a 6-French afterloading catheter
(Primed Medizintechnik Gmbh, Halberstadt, Germany)
was inserted and the extracorporeal portion of the cath-
eter was temporarily sutured to the skin. The angulation
and number of catheters were determined individually
according to the size of the target tumor while taking into
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consideration organs at risk in close proximity. Finally, a
contrast-enhanced CT scan of the liver was obtained to
confirm the correct catheter positioning and to plan the
subsequent high-dose rate irradiation. The clinical tar-
get volume (CTV) and the adjacent organs at risk (OAR,
e.g., gastrointestinal tract) were delineated by a radiation
oncologist using the planning software system Oncentra
(Nucletron, Elekta Ab, Stockholm, Sweden). Usually, no
additional planning target volume (PTV) margins were
added. For treatment planning, all cathethers were cor-
rectly identified and the three-dimensional coordinates
(x, y, z) were reconstructed in the treatment planning
system. Dose optimization was performed using inverse
or graphical optimization with an aimed prescription
dose of 15 Gy in a single fraction. Sparing of OARs with
fulfilment of the corresponding dose constraints was pri-
orized over full dose coverage. The dose was delivered
using a HDR brachytherapy afterloading system (Nucle-
tron, Elekta Ab, Stockholm, Sweden) with an iridium-192
source. After completion of the irradiation, the catheters
were removed and the puncture tracts were filled with gel
foam. Patients then remained in our postinterventional
observation unit for 2 h before being transferred to the
ward.

Peripheral blood was obtained on the day before ther-
apy and 48 h after HDR-BT. 5 mL were collected in Mon-
ovette EDTA tubes (Sarstedt AG, Niimbrecht, Germany)
and centrifuged within 1 h after blood draw (3000 rpm,
5 min, 4 °C). Plasma was immediately aliquoted and
stored at— 80 °C till use.

Quantification of miR-21 and miR-210

The MagMAX" mirVana" Total RNA Isolation Kit
(ThermoFisher Scientific, Darmstadt, Germany) was
used for RNA isolation according to the manufacturer’s
instructions. Briefly, after digestion of plasma (100 pl)
with Proteinase K, RNA purification was done using
RNA binding beads and a magnet stand. Samples were
treated with TURBO DNase and finally RNA was
eluted in 50 pl of pre-heated Elution Buffer. A Nanodrop
spectrophotometer (Implen, Munich, Germany) was
used to determine the amount of RNA. RNA was stored
at — 20 °C or directly reverse transcribed to cDNA uti-
lizing the TagMan® Advanced miRNA cDNA Synthesis
Kit (ThermoFisher Scientific). The following TagMan®
Advanced miRNA Assays (ThermoFisher Scientific)
were used for relative miR quantification: hsa-miR-21-3p
(477973-mir), hsa-miR-210-3p (477970-mir); as endog-
enous controls, hsa-miR-16-5p (477860-mir), hsa-miR-
19a-5p (479228-mir) and hsa-miR-26a-5p (477995-mir).
Correlation coefficient (R?) and PCR efficiency calculated
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from slope were all between 0.977-0.990 and 92-128%,
respectively. All qPCR reactions were run on 96-well
plates on a Quant Studio 5 Fast Real-Time PCR System
(ThermoFisher Scientific). For each assay, all samples
were run in triplicate.

Definition of responders and non-responders

Patients were stratified into responders and non-
responders based on previously published criteria for
HCC disease stages and eligibility for curative ver-
sus palliative treatments in cases of progression [15].
Briefly, responders were defined as having no limited
(up to BCLC A) or diffuse systemic tumor progres-
sion within 6 months and no diffuse systemic progres-
sion exceeding 3 nodules/nodule diameter >3 cm after
6 months to 2 years. Non-responders had recurrence
within 6 months and/or tumor progression with>3
nodules or individual nodule diameter >3 cm or extra-
hepatic disease within two years, respectively. In two
patients, liver transplantation occurred 9 months after
local tumor ablation. In this follow-up period, these
patients had no tumor recurrence. Furthermore, the
explanted livers did not show evidence for new via-
ble tumor in pathological examination—thus, these
patients were stratified as “responders”.

Statistical analysis

miR levels were quantified using the method as
previously described [16]. Categorical data were reported
with numbers and percentages and group differences in
dichotome variables were checked using Fisher’s exact
test. Continuous data were checked for normal distribu-
tion using the Shapiro—Wilk test. Normally distributed
data were reported as means t standard deviations and
according group differences were evaluated using a t-test.
Non-normally distributed data were reported as medians
(range) and according group differences were evaluated
using the Mann—Whitney U test. Spearman correlation
was applied for correlation of laboratory parameters and
technical HDR-BT data with miR changes. Time to sys-
temic progression was evaluated by the Kaplan—Meier
method and group differences were compared using a
log-rank test. In patients with no systemic progression,
the data was censored at the date of last available follow-
up. Statistical significance was assumed for p <0.05. The
statistical analysis and creation of Figs. 2 and 3 was per-
formed using dedicated software (SAS version 9.4 for
Windows, SAS Institute Inc., Cary, NC, USA). Figure 1
was created using GraphPad Prism Version 9.5.1 (Graph-
Pad Software, Boston, MA, USA).

27AACT
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Fig. 1 miR-21 (@) and miR-210 (b) values in responders and non-responders. To enable optimized depiction (i.e. decreasing miR values displayed
as negative numbers), 224" values between 0 and 1 (implicating decrease) were transformed applying the formula: 1/— (2747 Note

the significant miR-21 level decrease after local ablative therapy in the responders group compared to the non-responders group. miR-210 levels
did not show a significant change. Note: For miR-210, lower range of the y-axis was set to — 20 to allow for optimized comparability of responders
and non-responders. Therefore, patient no. 21 (transformed 244" = — 34) is not displayed. MWU = Mann-Whitney U Test

Results

Patient population

Twenty four patients were recruited. Patient charac-
teristics are provided in Table 1. No statistically signifi-
cant differences in baseline parameters were observed
between responders and non-responders.

Table 1 Patient characteristics

Clinical outcome

Applying the above-described response criteria, there
were n=12 responders and n=12 non-responders
(Table 2). Median time to systemic progression or loss
to follow up was 912 d in responders and 397 d in non-
responders. In responders, 4 out of 12 patients (33%)

Baseline features Overall Responders (n=12) Non-resp. (n=12) p-value
Number/ Range (IQR) % Number/ Range (IQR)/% Number/ Range (IQR)/%
Median Median Median
Sex
Female 4 16.7 2 16.7 2 16.7 1
Male 20 833 10 833 10 833 1
Age (years) 69 50-84 (21) 68.5 58-87(21.5) 68.5 44-86 (32.5) 0.80
Etiology
Alcohol 9 375 5 41.7 4 333 1
NASH 3 125 1 83 2 16.7 1
Hepatitis B 4 16.7 1 83 3 25 0.59
Hepatitis C 6 25 4 333 2 16.7 0.64
Unknown 6 25 3 25 3 25 1
Multiple 4 16.7 2 16.7 2 16.7
Child-Pugh A 19 79.2 10 83.3 9 75 1
Child-Pugh B 5 20.8 2 16.7 3 25
AFP [ng/ml] 5.25 1.6-35,754 (7) 5.25 1.6-21.5 (4.65) 545 2.0-35,754 (32.15) 0.77
AFP =20 ng/ml 4 16.7 1 83 3 25 0.59
Portal vein thrombosis 0 0 0 0 0 0 1
Sum lesion diameter [cm] 3 1.1-109(3.23) 29 1.7-103(1.08) 35 1.1-10 ) 049
Max. tumor diameter [cm] 2.5 1.1-10.3 (1.63) 27 1.7-10.3(0.8) 23 1.1-1 67) 0.31
Tumor number treated
1 16 66.7 10 83.3 6 50 0.19
2 8 333 2 16.7 6 50

NASH, non alcoholic steatohepatitis; AFP, alpha-fetoprotein
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Table 2 Individual values for miR-21, miR-210 values, and clinical outcome
Patient miR-21 miR-210 TTLP (d) TTSP (d)

ACrmean pre-  ACrmean post- 2725 ACt mean pre-  ACrmean post-  278¢T

therapy therapy therapy therapy
Responders
1 6.08 6.61 0.69 5.14 5.62 0.72 581 949
2 6.55 7.63 048 518 8.66 0.09 None 1205
3 6.96 734 0.76 4.72 535 0.65 None 443
4 6.00 5.86 1.10 742 717 1.19 854 1178
5 5.66 6.26 0.66 487 526 0.76 None 940
[§ 7.29 8.66 0.39 7.20 5.70 2.83 1004 1004
7 6.38 727 0.54 5.02 5.76 0.60 None 749
8 6.45 6.64 0.87 4.65 534 0.62 None 1224
9 5.79 5.80 0.99 6.25 6.34 0.94 None 875
10 530 557 0.83 536 5.76 0.76 None 883
1M 5.93 6.27 0.79 5.94 451 2.70 267 867
12 552 7.36 0.28 517 7.10 0.26 None 386
Non-responders
13 6.53 5.59 192 5.34 5.06 1.21 None 457
14 6.94 6.76 113 482 435 139 182 351
15 7.03 6.26 1.70 4.62 526 0.64 None 457
16 6.02 749 0.36 5.82 746 032 93 275
17 7.38 524 438 522 9.08 0.07 225 475
18 4.66 5.14 0.72 5.80 540 1.32 None 183
19 5.94 559 1.27 5.62 529 1.26 138 442
20 6.16 7.51 0.39 5.02 4.60 1.33 None 475
21 5.76 531 1.36 537 1048 0.03 490 592
22 774 6.59 222 3.58 747 0.07 None 155
23 592 4.56 2.57 4.20 457 0.77 None 34
24 7.02 513 3.70 712 455 5.96 None 312
TTLP, Time to limited progression; TTSP, Time to systemic progression; 2~22T=[(Ar post-therapy) — (ACt pre-therapy)]; d: days
showed limited progression at a median of 718 d, whereas  non-responders 5.28 [0.99], p=0.34). Responders

8 out of 12 (67%) were lost to follow-up (at a median of
879 d). None of the responders showed systemic progres-
sion during the follow-up period. In non-responders,
5 out of 12 patients (42%) showed limited progression
at a median of 182 d, whereas 5 out of 12 (42%) showed
systemic progression. Two patients (16.7%) of the non-
responder group had limited progression after 182 and
138 d with last contact at 351 and 442 d which was con-
sidered as time to systemic progression.

miR-21 and miR-210 levels before and after CT-guided
HDR-BT

There were no statistically significant differences in
pre-treatment miR-21 and miR-210 levels between
responders and non-responders (miR-21: ACt median
[IQR] responders 6.04 [0.77]), non-responders 6.34
[1.09], p=0.39; miR-210: responders 5.17 [1.15],

demonstrated significantly decreasing miR-21 values
2 d after local ablative treatment compared to non-
responders (median miR-21 274" responders 0.73
[IQR 0.34], non-responders 1.53 [IQR 1.48]; p=0.0102)
(Fig. 1a). miR-210 levels did not show any significant
difference between responders and non-responders
(median miR-210 2724C"; responders 0.74 [IQR 0.45],
non-responders 0.99 [IQR 1.13]; p=0.8399) (Fig. 1b).

Overall, 10 out of 24 patients (42%) showed a miR-
21 increase, whereas 14 out of 24 (58%) demonstrated
decreasing miR-21 levels. Out of the 10 patients with
increasing miR-21, 9 (90%) were non-responders and
1 (10%) was a responder. 3 out of 14 patients (21%)
with decreasing miR-21 levels were non-respond-
ers, whereas 11 of 14 patients (79%) were responders
(Fig. 2a).
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Fig. 2 Waterfall plots illustrating miR dynamics per individual study subject for miR-21 (a) and miR-210 (b). To enable optimized depiction

(i.e. decreasing miR values displayed as negative numbers), 27247

the formula: 1/— (27447

For miR-210, overall 9 out of 24 patients (38%) showed
an increase and 15 out of 24 patients (63%) a decrease
after therapy. Out of 9 patients with increases, 6 (67%)
were non-responders and 3 out of 9 were responders
(33%). Of 15 patients with decreasing miR-210 levels, 6
(40%) were non-responders and 9 (60%) were responders
(Fig. 2b).

Correlation of baseline plasma, oncological, and HDR-BT
parameters with miR-21 and miR-210 levels

Correlation between baseline plasma parameters and
miR levels pre- and post-therapy showed few but weak
correlations. For miR-21, only liver parameters ala-
nine transaminase (ALAT) and aspartate transaminase
(ASAT) demonstrated a slight correlation with 2744¢T
(Spearman’s Rho=0.53 and 0.42 (p=0.01 and 0.04,
respectively). With regard to HDR-BT parameters, a

values between 0 and 1 (implicating decrease) were transformed applying
. Note the significant increase of miR-21 in non-responders

weak negative correlation was found between post-treat-
ment miR-21 levels and exposed liver volume (Spear-
man’s Rho=— 0.42, p=0.04). Of note, miR-21 levels were
independent of the irradiated liver volume (Spearman’s
Rho=0.26, p=0.22). For miR-210, no statistically sig-
nificant correlations were observed. Detailed correlations
are provided in Table 3.

Changes in miR-21 & miR-210 levels and oncological
outcome

Median time to systemic progression was 15.0 months
(95% CI 10.2-NE) in patients with miR-21 increase
and was not reached in patients with miR-21 decrease
within the 40 months of study follow-up (hazard ratio
[HR] 5.09; 95% CI 1.29-20.14; p=0.0095) (Fig. 3a).
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Table 3 Linear correlations between miR levels and HDR-BT/clinical parameters in the investigated population

ACT mean pre-therapy

ACT mean post-therapy

2 AACT

Spearman correlation

Spearman correlation

Spearman correlation

Coefticient p-value | Coefficient p-value | Coefficient | p-value
miR-21
Liver volume exp. >5 Gy (cem) ~0.18 0.40 —042 0.04 0.34 0.11
Liver volume (ccm) 0.15 0.49 =0.17 0.42 0.26 0.22
Liver reserved volume (ccm) 0.26 0.21 0.11 0.59 0.04 0.86
Sum CTV -0.38 0.07 —0.40 0.06 0.21 0.33
Tumor size sum (cm) -0.28 0.19 -0.27 0.21 0.06 0.77
Sodium (mmol/l) —0.02 0.92 0.17 0.42 —0.03 0.89
Creatinine (mg/dl) -0.26 0.21 0.14 0.50 -0.30 0.16
Gamma GT (U/1) 0.15 0.50 -0.25 0.25 0.29 0.16
Cholinesterase (kU/T) 0.39 0.08 0.23 0.32 0.12 0.61
GLDH (U/T) 0.18 0.45 0.11 0.66 0.05 0.82
ALAT (U/l) 0.19 0.37 -0.36 0.09 0.53 0.01
ASAT (U/l) 0.13 0.54 029, 0.17 0.42 0.04
Total bilirubin (pmol/l) -0.24 0.27 -0.26 0.22 0.09 0.66
Albumin (g/dl) 0.19 0.38 0.27 0.20 -0.10 0.63
INR =0.02 0.92 -0.33 0.12 0.32 0.12
ABIC Score -0.33 0.12 0.06 0.77 —0.28 0.18
AFP 0.33 0.12 —0.07 0.75 0.20 0.36
miR-210
Liver volume exp. >5 Gy (ccm) | — .17 0.43 -0.08 0.72 ~0.16 0.46
Liver volume (ccm) =0.11 0.60 0.10 0.66 -0.13 0.54
Liver reserved volume (ccm)
Sum CTV =0.07 0.74 -0.23 0.29 0.07 0.74
Tumor size sum (cm) -0.05 0.80 0.19 0.38 -0.28 0.18
Sodium (mmol/l) —0.05 0.83 —0.06 0.76 —0.10 0.64
Creatinine (mg/dl) 0.13 0.54 0.03 0.90 0.07 0.75
Gamma GT (U/1) 0.07 0.73 0.02 0.94 —0.02 0.94
Cholinesterase (kU/T) 0.14 0.54 0.04 0.87 0.01 0.98
GLDH (U/T) 0.12 0.63 0.24 0.32 -0.20 0.42
ALAT (U/) 0.12 0.57 0.31 0.15 -0.24 0.26
ASAT (U -0.30 0.16 0.21 0.33 -0.36 0.08
Total bilirubin (umol/l) —0.25 0.24 -0.21 0.33 0.09 0.67
Albumin (g/dl) 0.18 0.39 0.20 0.34 -0.13 0.56
INR -0.35 0.09 -0.33 0.11 0.15 0.48
ABIC Score 0.61 0.0016 -0.02 0.92 0.39 0.06
AFP —0.12 0.56 0.16 0.44 —0.20 0.35
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Fig. 3 Kaplan—Meier curves demonstrating time to systemic progression in relation to increasing and decreasing miR-21/-210 levels. Note

the significantly shorter time to systemic progression in patients with increasing miR-21 levels (A). No significant difference in time to systemic
progression between increasing and decreasing miR-210 levels was observed (B). NE — not evaluable because median time to systemic progression
was not reached within the 40 months of study follow-up

Median time to systemic progression was 15.6 months  Discussion

(95% CI 15.0-NE) in patients with miR-210 increase In this proof-of-concept study, we investigated circulat-
and not evaluable in patients with miR-210 decrease ing miR-21 and miR-210 as potential prognostic bio-
([HR] 1,23; 95% CI 0.35—4.4; p=0.7412) (Fig. 3b). markers of therapy response for HDR-BT-treated HCC.
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We demonstrated that increasing miR-21 plasma levels 2
d after local ablative therapy were associated with poor
therapy response and shorter time to systemic progres-
sion. In contrast to miR-21, peri-interventional miR-210
plasma levels did not serve as predictors of patient out-
come. The increase of miR-21 was independent of the
irradiated volume of surrounding liver tissue.

Our results are in line with a recent study demonstrat-
ing significantly increased miR-21 and miR-210 plasma
levels shortly after thermal ablation (RFA or microwave
ablation) of HCC and colorectal carcinoma liver metas-
tases, peaking 60—90 min after the intervention and nor-
malizing within 7 d [14]. However, the authors showed
that increases of miR-210 but not miR-21 were associated
with early progressive disease after three months. Dif-
ferences in the biological effect of thermal ablation and
conformal radiation with regard to tumor necrosis/apop-
tosis as well as differences in sampling time points may
be potential explanations for this discrepancy to our find-
ings. In addition, the authors performed a pooled analysis
for both HCC and colorectal carcinoma liver metastases,
while only HCC patients were included in our study.

Although we found a significant association between
increased circulating miR-21 and systemic tumor pro-
gression, clarification of its predictive and prognos-
tic value in HCC will require further studies. Indeed,
Franck et al. [17] did not observe a significant difference
with regard to overall survival in HCC patients based
upon high versus low plasma miR-21 levels. However,
the authors investigated a pooled study population of 91
patients and did not differentiate between tumor bur-
den and the therapies performed (i.e. systemic therapy,
surgery, local ablation). In addition, they report a sig-
nificant moderate inverse correlation of plasma miR-21
and serum creatinine and aspartate aminotransferase,
pointing to kidney function and liver injury as potential
influencing factors [17]. In the present study however,
we did not find a significant correlation of miR-21 and
the assessed laboratory parameters, excluding these as
potential confounders in the investigated population.

Previous studies demonstrated that high miR-21
expression in HCC tissue is prognostic of poor survival
[18, 19]. Huang et al. [18] measured miR-21 expression
in 166 specimens of surgically resected HCC nodules and
found high miR-21 expression as independent prognostic
factor for shorter overall (HR 2.36) and disease-free sur-
vival (HR 2.02). In accordance with the aforementioned
study, Zhu et al. showed that high miR-21 expression
in HCC significantly correlates with short-term relapse
(£6 months) as well as shorter disease-free and overall
survival after hepatectomy [19].

To date, evidence regarding potential outcome predic-
tion in HCC is more compelling for intratumoral than
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for circulating miR-21. Although it was shown that miR-
21 plasma levels parallel intratumoral miR-21 expres-
sion, potential differences between baseline miR levels
in therapy-naive patients and patients under local tumor
ablation must be taken into consideration [20]. Not only
did we measure baseline miR-21 and miR-210 values, but
also assessed the development of individual plasma levels
under therapy (i.e. before versus 48 h after the interven-
tion). It is likely that local tumor ablation causes a release
of intratumoral miR and that miR plasma levels and
plasma level time course differ depending on the type
of ablation and cell death (ie. direct hyperthermic cel-
lular damage with or without secondary apoptosis in the
transitional zone after RFA versus radiation-induced cell
death after HDR-BT) [21-23]. Data on the effect of ioniz-
ing radiation on miR-21 is limited. In vitro investigations
revealed that irradiation increases miR-21 expression in
human umbilical vein endothelial cells (HUVEC) with
consecutive higher proliferation [24]. Therefore, the type
of local therapy potentially influences the capability of
miR as prognostic biomarkers in individual patients,
which needs to be investigated in further clinical and
preclinical studies.

Our study also provides a potential, initial basis for
future investigation of adjuvant therapies modulating
miR-21 activity and its downstream pathways after local
tumor ablation. Preclinical in vitro and in vivo data show
that curcumin suppresses HCC tumor growth/cell pro-
liferation and induces apoptosis in a dose-dependent
manner, partly mediated by downregulation of miR-21
expression [25]. The effect of curcumin on cell prolifera-
tion and apopotosis was increased by cellular transfec-
tion with a specific miR-21 inhibitor [25]. Similar effects
of therapeutic miR-21 inhibition were reported in cervi-
cal carcinoma cells in vitro as well as in vivo in a murine
melanoma and glioma model [26]. The investigation of
adjuvant miR-21 inhibition to enhance therapy effects of
local ablative tumor therapies remains subject to future
preclinical and clinical studies.

Limitations

We acknowledge several limitations to our study. First,
it remains to be elucidated what exactly causes changes
in plasma miR-21 and miR-210 after HDR-BT. Our data
indicate that the post-therapeutic miR-21 increase does
not originate from radiation-induced damage of the sur-
rounding liver tissue. However, the exact mechanism
including the interaction of miR-21 with its respective
downstream targets needs to be further investigated. Sec-
ond, we only measured levels of circulating miR but did
not assess miR expression in tumor and liver tissue sam-
ples before and after HDR-BT. Third, the optimal time-
point for measurement of circulating miR-21 remains
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unknown. Andrasina et al. have demonstrated that miR-
21 and miR-210 peak at 60—90 min after thermal ablation
and at 24 h after TACE of HCC nodules, indicating that
miR plasma kinetics depend on the type of local tumor
ablation. Additional miR-21 quantifications at multi-
ple timepoints after HDR-BT are needed to identify the
peak of miR-21 increase following high-dose irradiation.
Finally, detailed knowledge on miR-21 plasma kinet-
ics will support us to choose the optimal timepoint for
administering potential adjuvant therapeutics modulat-
ing systemic effects of local tumor ablation.

Conclusion

In this proof-of-concept study, we demonstrated that
increasing miR-21 plasma levels 2 d after HDR-BT in
HCC were associated with poor therapy response and
shorter time to systemic progression. Our data provide
an initial basis for further investigation of miR-21 as
prognostic biomarker and potential target for therapeutic
modulation in local tumor ablation. However, the exact
role of miR-21 in HCC and its effect on tumor progres-
sion awaits clarification in additional preclinical and clin-
ical studies.
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