Baek et al. World Journal of Surgical Oncology (2021) 19:178

https://doi.org/10.1186/512957-021-02293-4 World Journal of

Surgical Oncology

RESEARCH Open Access

Check for

Effect of mistletoe extract on tumor

response in neoadjuvant
chemoradiotherapy for rectal cancer: a

cohort study

Jeong-Heum Baek''®, Youngbae Jeon', Kyoung-Won Han', Dong Hae Jung? and Kyung-Ok Kim?

Abstract

Background: Mistletoe extract, used as a complementary chemotherapeutic agent for cancer patients, has
anticancer effects against various malignancies. The aim of the present study was to evaluate the effect of mistletoe
extract (Abnoba Viscum Q°®) on tumor responses to neoadjuvant chemoradiotherapy (NCRT) for locally advanced
rectal cancer.

Methods: This study included patients with rectal cancer who underwent NCRT between January 2018 and July
2020. In the mistletoe group (MG), the patients were administered Abnoba Viscum Q® subcutaneously during
chemoradiotherapy—maintained just before surgery. Patient demographics, clinical outcomes, histopathological
outcomes, and terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick-end labeling (TUNEL) assay results
were compared between the MG and non-mistletoe group (NMG). Two rectal cancer cell lines (SNU-503 and SNU-
503R80Gy) were treated with Abnoba Viscum Q° to assess its mechanistic effects in vivo.

Results: Overall, the study included 52 patients (MG: n = 15; NMG: n = 37). Baseline demographics between the two
groups were similar, except carbohydrate antigen 19-9 levels and tumor location from the anal verge. There was no
difference in the clinical stage between the two groups. A better tumor response in the MG, relative to the NMG, was
observed with respect to tumor regression grade (TRG), T stage, and overall tumor-node-metastasis stage. Tumor
response was significantly better in the MG than in the NMG in terms of pathologic complete response rate (53.3% vs.
21.6%, P = 0.044), good TRG response (66.7% vs. 32.4%, P = 0.024), T downstaging (86.7% vs. 43.2%, P = 0.004), and
overall downstaging (86.7% vs. 56.8%, P = 0.040). The toxicities during NCRT were minimal in both groups. More
apoptotic cells were noted in MG samples than in the NMG samples on TUNEL staining. Cleaved caspase-3 level
following treatment with Abnoba Viscum Q® was higher in SNU-503R80Gy cells than in SNU-503 cells.
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are warranted to confirm and extend these results.

Conclusion: Patients treated with chemoradiation combined with mistletoe extract showed better outcomes than
patients not treated with mistletoe extract in terms of tumor responses. This diversity in treatment may improve the
efficacy of NCRT, leading to better oncologic outcomes. Prospective and randomized studies with long-term follow-up
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Background

Colorectal cancer, one of the most common solid tu-
mors, is the third leading cause of cancer-related deaths
and the second leading cause of mortality amongst
malignancies worldwide [1]. The standard treatment for
patients with locally advanced rectal cancer is neoadju-
vant chemoradiotherapy (NCRT) before radical surgery
to reduce locoregional recurrence and the toxicity of
chemoradiation [2, 3]. Tumor downstaging and patho-
logic complete response (pCR) after NCRT for rectal
cancer are associated with good survival outcomes when
compared with non-response to NCRT [4-8]. The use-
fulness of neoadjuvant chemotherapy for rectal cancer
has been explored to avoid NCRT-associated radiation
toxicity. However, its effect on tumor downstaging or
pCR has not been better than that of NCRT [9].

Although NCRT is associated with reduced locoregio-
nal recurrence of rectal cancer, some patients develop
locoregional recurrence, leading to poor oncologic
outcomes. Therefore, it is essential to enhance the tumor
response to attain good oncological results in such
patients. Attempts have been made to introduce more
toxic chemotherapeutic agents and biologics to the
conventional NCRT regime. Studies have investigated
the effects of oxaliplatin or targeted agents added to
NCRT in patients with advanced rectal cancer. Unfortu-
nately, these agents did not improve the tumor response
and were more toxic than NCRT alone [10-13]. New
regimens with less toxicity and good compliance are
needed to enhance tumor response and complete remis-
sion rate in patients with rectal cancer.

Mistletoe (scientific botanical name: Viscum album L.)
is a semi-parasitic plant belonging to the order Santa-
lales. Extracts from European mistletoe are widely used
as complementary and alternative agents to treat pa-
tients with various malignancies, including colorectal,
lung, oral, pancreatic, and breast cancers. The active
molecules in these extracts, including viscotoxin and
lectin, exhibit antitumor effects because of direct
cytotoxicity and upregulation of cell-mediated immunity
[14, 15]. Mistletoe extracts are safe and help improve the
quality of life of cancer patients during chemotherapy
[16-18]. Although the antitumor effects and safety have
been reported, no clinical studies with mistletoe extract
have been undertaken to understand their effect on
tumor regression when administered during NCRT for

rectal cancer. Therefore, in the present study, we investi-
gated the effect of mistletoe extract on the tumor re-
sponse to NCRT in patients with locally advanced rectal
cancer.

Methods

Patient selection

This single-center retrospective observational study in-
cluded 52 consecutive patients with clinical stage II-III
rectal adenocarcinoma treated with long-course NCRT
between January 2018 and July 2020 at Gil Medical
Center, a tertiary referral hospital in Korea. Mistletoe ex-
tract was administered during NCRT, and patients were
stratified into two groups: those who received mistletoe
extract (mistletoe group; MG) and those who did not
(non-mistletoe group; NMQG). Patients with incomplete
NCRT were excluded from the study. The conditional
search of patient information was undertaken by imple-
menting a clinical research data warehouse system, and
detailed data were collected from electronic medical re-
cords at Gil Medical Center. The Institutional Review
Board and Ethics committee of our hospital approved
the study (approval no. GFIRB2020-304).

Neoadjuvant chemoradiotherapy (NCRT)

All 52 patients were treated with long-course NCRT ac-
cording to the National Comprehensive Cancer Network
guidelines. Patients were administered pelvic radiother-
apy with 50.4 Gy of radiation in 28 fractions over 5
weeks. The dosing schedules for concurrent chemother-
apy were as follows: capecitabine (825mg/m? orally
twice daily) for 5 days per week or 5-fluorouracil (5-FU;
400 mg/m?, intravenous bolus) with leucovorin (20 mg/
m?, intravenous bolus) for 4 days during weeks 1 and 5
of NCRT.

Mistletoe extract

Abnoba Viscum Q° (ABNOBA GmbH, Pforzheim,
Germany) was used as the mistletoe extract. There was
no criterion for selecting patients to be treated with
Abnoba Viscum Q°. The extract was administered sub-
cutaneously at a dose of 0.02 mg/ampule thrice a week
for 3 weeks, followed by 0.2 mg/ampule thrice a week for
3 weeks, 2 mg/ampule thrice a week for 3 weeks, and,
finally, 20 mg/ampule thrice a week; thereafter, a final
dose of 20 mg was administered just before surgery. The



Baek et al. World Journal of Surgical Oncology (2021) 19:178

patients self-administered Abnoba Viscum Q° after
learning how to inject it from the medical staff and were
followed up at our outpatient clinic. The administration
of the extract was transiently halted in case of any local
or systemic adverse events, such as severe urticaria, local
swelling > 5 cm, or high fever > 38 °C.

Terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP-biotin nick-end-labeling (TUNEL) assay

Tissue samples were obtained from patients in the MG
and the NMG after curative surgery to assess apoptosis
using the TUNEL assay. Slides were prepared from fro-
zen tissue and fixed with a paraformaldehyde solution.
Following fixation, the TdT reaction mixture was added
to the slides. The slides were then immersed in hydro-
gen peroxide with a streptavidin—horseradish peroxidase.
Finally, 3,3-diaminobenzidine tetrachloride solution was
added and the number of TUNEL-stained cells was
counted under an optical microscope.

Western blot analysis

Two rectal cell lines (SNU-503 and SNU-503R80Gy,
Seoul National University Korean Cell Line Bank, SNU-
503R80Gy: A total of 80Gy of fractionated ionizing
radiation to SNU-503 over 40 times by using Cesium-
137 irradiator) were treated with 20 ug/mL Abnoba
Viscum Q°. Forty-eight hours after treatment, the cells
were harvested, and 20 pg protein was separated on a
15% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis gel. Expression of caspase-3, cleaved caspase-3,
and P-actin was confirmed using antibodies against the
respective proteins.

Assessment parameters and statistical analysis

Patient demographics, clinical outcomes, and histo-
pathological outcomes were compared between patients
in the MG and the NMG. Clinical tumor—node—metas-
tasis (TNM) stage and mesorectal fascia (MRF) involve-
ment were assessed using computed tomography (CT)
and magnetic resonance imaging (MRI). Abdominoperi-
neal CT and rectal MRI were performed before and after
NCRT to evaluate the status of the tumor and lymph
node. The tumor distance from the anal verge (AV) was
measured using MRI. The tumor regression grade
(TRG) was measured on a scale of 0 (complete response:
no viable cancer cells) to 3 (poor or no response), ac-
cording to the American Joint Committee on Cancer
(AJCC) classification [19]. Response to treatment was
graded as good (AJCC grades 0 and 1) or poor (AJCC
grades 2 and 3). T, N, and overall TNM downstaging
were defined on the basis of downstaging between base-
line imaging results and pathologic stage after curative
resection. Continuous variables were analyzed using the
Mann—Whitney U test, and categorical variables were
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analyzed using the chi-square test or Fisher’s exact test.
Significant variable differences between the two groups
were defined as those with P-values < 0.05. All statistical
analyses were performed using SPSS 23.0 software for
Windows (IBM SPSS Inc., Chicago, IL, USA).

Results

Baseline patient characteristics

A total of 52 patients were included in the study: 15 in
the MG and 37 in the NMG. All patients in the MG re-
ceived the complete dose of mistletoe extract according
to the schedule. The median age of the patients was 68
years (range 38-86years), and the study group com-
prised 35 men and 17 women. Baseline demographics
were largely similar between the two groups (Table 1),
although there were few exceptions. CA 19-9 level was
higher in the NMG than in the MG (P = 0.01), and the
tumor distance from the AV was longer in the NMG
than in the MG (P = 0.008). MRF involvement was
present in 10 (66.7%) patients in the MG and 19 (51.4%)
patients in the NMG (P = 0.314), based on the abdomi-
noperineal CT and rectal MRI findings. All patients in
the MG were diagnosed with clinical stage III disease,
whereas the NMG had three (8.1%) patients with clinical
stage II disease and 34 (91.9%) patients with clinical
stage III disease. There was no statistically significant
difference in the clinical stage between the two groups
(P = 0.548).

Perioperative outcomes

All patients received a total of 50.4 Gy of pelvic radi-
ation. The median interval to surgery after the comple-
tion of NCRT was 9weeks (range 5.9-14.1). The
intervals in the MG and NMG were 8.6 weeks and 8.7
weeks, respectively, with no statistically significant differ-
ence (P = 0.808). All patients were treated with oral
capecitabine, except one patient who was treated with 5-
FU/leucovorin. With regard to the surgical type, there
were 11 low anterior resections, 34 ultra-low anterior
resections, two abdominoperineal resections, three
Hartmann’s operations, and two transanal excisions.
There were no significant differences in the periopera-
tive clinical outcomes between the two groups (Table 2).

Toxicity outcomes

Toxicities observed during NCRT are shown in Table 3.
According to the Common Terminology Criteria for
Adverse Events version 3.0, toxicity was stratified from
grade 1 to grade 4. The most common toxicity in both
groups was proctitis. Nine patients (60.0%) in the MG
and ten patients (27.0%) in the NMG had grade 1 procti-
tis. Grade 2 neutropenia and grade 3 anemia were ob-
served in the NMG, whereas none of the patients in the
MG experienced these adverse events. Pruritus with or
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Table 1 Baseline patient demographics in the mistletoe and

non-mistletoe groups
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Table 2 Short-term clinical outcomes of chemoradiation and
surgery in the mistletoe and non-mistletoe groups

Variables MG (n = 15) NMG (n = 37) P-value Variables MG (n = 15) NMG (n = 37) P-value

Age (years) 68 (38-83) 67 (46-86) 0.864" Dose of radiation (Gy) 504 504 n/a

Sex 0.525" Concurrent chemotherapy 1.000"
Male 9 (60.0) 26 (70.3) Capecitabine 15 (100) 36 (97.3)

Female 6 (40.0) 11 (29.7) 5-Fluorouracil 0 12.7)
BMI (kg/m?) 234 (208-283) 244 (151-315) 0473 cT after NCRT 0.848"
ASA score 02541 cTo 1(67) 127)

1 0 4(10.8) cT2 6 (40.0) 12 (324)

2 15 (100) 30 (81.1) cT3 7 (46.7) 21 (56.8)

Unknown 0 3(8.1) cT4 16.7) 3(8.1)

Past history cN after NCRT 0.666"
Diabetes 5(333) 8 (21.6) 0483" cNO 7 (46.7) 14 (37.8)
Cardiovascular disease 7 (46.7) 18 (48.6) 0.897" cN1 6 (40.0) 14 (37.8)

Others 5(333) 13 (35.1) 0.902¢ cN2 2(133) 9(243)

Baseline tumor markers Interval to surgery (weeks) 8.6 (6.1-12.9) 87 (59-14.1)  0.808"
CEA (ng/mL) 2.9 (0.5-43.7) 2.9 (0.6-44.9) 0.992" Type of surgery 0.506"
CA 19-9 (U/mL) 42(12-1847) 121 (1.2-12228) 0010"" Low anterior resection 3(200) 8(21.6)

Tumor distance from the 3.6 (0-10.0) 6.0 (2.0-100) 0.008™" Ultra-low anterior resection 10 (66.7) 24 (64.9)

AV (em) Abdominoperineal 1(6.7) 1Q.7)

MRF involvement 03149 resection
Yes 10 (66.7) 19 (514) Hartmann’s operation 0 3@81)

No 5(33.3) 18 (48.6) Transanal excision 1(6.7) 12.7)

cT before NCRT 0412" Total operative time (h) 30(08-41)  30(02-57) 0428
cT2 1(6.7) 0 Estimated blood loss (mL) 200 (3.0-150.0) 300 (0-250.0) 0.385"
cT3 12 (80.0) 32 (86.5) Intraoperative transfusion n/a
cT4 2(133) 5(13.5) Yes 0 0

cN before NCRT 0086' No 15 (100) 37 (100)
cNO 0 3(8.1) Length of hospital stay (days) 8 (4-37) 8 (5-51) 0676
cN1 7 (46.7) 6 (16.2) Data are presented as median (range) for continuous variables and n (%) for

categorical variables
cN2 8(533) 28 (75.7) TMann-Whitney test; Tchi-square test or Fisher's exact test

Baseline clinical stage 0.548" MG, m-istletoe group; NMG, non-mistletoe group; NCRT,

(AJCC 8th edition) neoadjuvant chemoradiotherapy
Stage Il 0 381
Stage Il 15 (100) 34 (91.9)

Data are presented as median (range) for continuous variables and n (%) for

categorical variables

TMann-Whitney test; Ichi-square test or Fisher's exact test; " statistical

significance (P < 0.05)

MG, mistletoe group; NMG, non-mistletoe group; BMI, body mass index; ASA,
American Society of Anesthesiologist; CEA, carcinoembryonic antigen; CA,

carbohydrate antigen; AV, anal verge; MRF, mesorectal fascia; NCRT,
neoadjuvant chemoradiotherapy; AJCC, American Joint Committee on Cancer

without skin rash at the injection site occurred in three
patients in the MG (20.0%), whereas this adverse event
was not seen in any of the patients in the NMG (P =
0.021). All other adverse events, including nausea,
vomiting, diarrhea, constipation, oral mucositis, and per-
ipheral neuropathy, were of grade 1, and there were no

significant differences in the incidences of these adverse
events between the two groups.

Evaluation of tumor responses

Estimations of pCR, downstaging, and TRG were
assessed from the histopathologic reports of the patients
after curative surgery. Table 4 presents the histopatho-
logical outcomes after curative resection. There were no
significant differences between the two groups with re-
spect to tumor size, histologic grade, ypN stage, distal
resection margin, circumferential resection margin
involvement, harvested lymph nodes, or perineural inva-
sion. However, the ypT stage was significantly higher in
the NMG than in the MG (P = 0.005). Moreover, the
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Table 3 Toxicity outcomes in the mistletoe and non-mistletoe groups
Toxicity CTCAE P-value
MG (n = 15) NMG (n = 37)
Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4
Neutropenia 0 0 0 0 0 1(2.7) 0 0 >0.99
Anemia 0 0 0 0 0 0 127) 0 >0.99
Thrombocytopenia 0 0 0 0 0 0 0 0 -
Nausea 4(26.7) 0 0 0 6(16.2) 0 0 0 0448
Vomiting 1(6.7) 0 0 0 0 0 0 0 0.288
Diarrhea 2(133) 0 0 0 5(135) 0 0 0 >0.99
Constipation 0 0 0 0 4(2.8) 0 0 0 0311
Proctitis 9 (60.0) 0 0 0 10 (27.0) 0 0 0 0.054
Oral mucositis 0 0 0 0 127) 0 0 0 >0.99
Peripheral neuropathy 1(6.7) 0 0 0 0 0 0 0 0.288
Pruritus 3 (200 0 0 0 0 0 0 0 0.021

Data are presented as n (%)
Chi-square test or Fisher's exact test

CTCAE, Common Terminology Criteria for Adverse Events version 3.0; MG, mistletoe group; NMG, non-mistletoe group

lymphovascular invasion was significantly more common
in the NMG than in the MG (32.4% vs. 13.3%, P = 0.04).

Tumor responses were significantly better in the MG
than in the NMG in terms of the pCR rate (53.3% vs.
21.6%, P = 0.044), TRG (good response 66.7% vs. 32.4%,
P = 0.024), T downstaging (86.7% vs. 43.2%, P = 0.004),
and overall TNM downstaging (86.7% vs. 56.8%, P =
0.040). N downstaging showed no statistically signifi-
cant difference between the two groups (93.3% vs.
78.4%, P = 0.257). Table 5 provides the details of the
tumor responses.

TUNEL assay and western blot analysis

There were more TUNEL-positive tumor cells in
samples from the MG than in those from the NMG
(Fig. 1). The level of cleaved caspase-3 (active form)
was increased in the two rectal cancer cell lines—
SNU-503R80Gy (radioresistant rectal cancer) and
SNU-503—following treatment with Abnoba Viscum
Q° than that before the treatment (Fig. 2).

Discussion

To the best of our knowledge, this is the first study to
analyze the response of locally advanced rectal tumors
to NCRT and mistletoe extract. The results of the study
are promising since it demonstrates that administration
of mistletoe extract in combination with NCRT showed
better outcomes for tumor responses, including T stage,
lymphovascular invasion, TNM stage, TRG, and pCR.
These results suggest that mistletoe extract may lead to
an overall improvement in the oncologic outcome in pa-
tients with locally advanced rectal cancer.

Chemoradiotherapy for rectal cancer usually requires
locoregional therapy because of the relatively high risk
of locoregional recurrence compared with colon cancer.
Preoperative irradiation is more effective than postoper-
ative since tumor oxygenation is better preoperatively
[20]. NCRT decreases locoregional recurrence and is
associated with reduced toxicity compared to postopera-
tive chemoradiotherapy [2, 21]. Therefore, NCRT with
5-FU or capecitabine is usually the standard therapy for
locally advanced rectal cancer before radical surgery [22,
23]. NCRT before surgery for stage II or III rectal cancer
diminishes locoregional recurrence and reduces the tox-
icity of chemoradiation [2, 24]. However, despite these
treatment approaches, the 5-year incidence of locoregio-
nal recurrence of rectal cancer ranges from 6.0 to 10.7%
[2, 8, 25, 26]. Tumor downstaging and pCR after NCRT
facilitate increased overall survival and disease-free sur-
vival, including locoregional therapy [4—8]. Therefore, it
is crucial to increase tumor downstaging and pCR to
achieve good oncological results in patients with rectal
cancer treated with NCRT.

Curative surgery is recommended within 5-12 weeks
after the completion of NCRT. Longer intervals (more
than the classical 6-8 weeks) from the completion of
NCRT increase the rate of pCR by 6% in rectal cancer
[27]. An interval of over 8 weeks is associated with in-
creased odds of pCR compared with an interval of 6-8
weeks [28]. The median intervals to surgery in the
current study were 8.6 and 8.7 weeks in the MG and the
NMG, respectively.

Mistletoe is a parasitic plant found in trees. Mistletoe
extract was first introduced for cancer treatment by
Rudolf Steiner [29]. Cancerostatic protein components
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mistletoe groups
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Table 5 Tumor responses between the mistletoe and non-
mistletoe groups

Variables MG (n =15) NMG (n=37) P-value Variables MG (n=15) NMG (n=37) P-value
Tumor size (cm) 2.5 (0-4.5) 3(0-7.7) 0.293" pCR 0044%"
Histologic grade 0.151" Yes 8 (53.3) 8 (21.6)
Well-differentiated 0 127) No 7 (46.7) 29 (784)
Moderately differentiated 6 (40.0) 25 (67.6) TRG (AJCQ) 0.024%"
Poorly differentiated 1(6.7) 2 (54) Good responder (0-1) 10 (66.7) 12 (324)
Others 8(53.3) 9 (243) Poor responder (2-3) 5(333) 25 (67.6)
ypT after NCRT 0.005"" T downstaging 0.004%"
ypTO 8 (53.3) 8(21.6) Yes 13 (86.7) 16 (43.2)
ypT1 0 127) No 2(13.3) 21 (56.8)
ypT2 5(33.3) 4(10.8) N downstaging 0.257"
ypT3 2(13.3) 22 (59.5) Yes 14 (93.3) 29 (78.4)
ypT4 0 2 (54) No 1(6.7) 8 (21.6)
ypN after NCRT 0.161" Overall TNM downstaging 0.040%"
ypNO 13 (86.7) 21 (56.8) Yes 13 (86.7) 21 (56.8)
ypN1 2(133) 12 (324) No 2(133) 16 (43.2)
ypN2 0 4(108) Data are presented as n (%)
) ] ) ; Chi-square test or Fisher's exact test; ~statistically significant (P < 0.05)
Distal resection margin (cm) 1.5 (0.2-6.0) 20(01-50) 0.121 MG, mistletoe group; NMG, non-mistletoe group; pCR, pathologic complete
Circumferential resection 0.498" response; TRG, tumor regression grade; AJCC, American Joint Committee on
margin involvement Cancer; TNM, tumor-node-metastasis
Yes 1(67) 127 Sabova et al. studied the cytotoxic and apoptotic effects
No 14 (93.3) 36 (97.3) of mistletoe extract in combination with doxorubicin on
Harvested lymph nodes 13 (1-18) 13 (1-35) 0255 Jurkat cells and observed a dose-dependent DNA frag-
Lymphovascular invasion 0.04%" mentation [34]. Schotterl et al., using in vitro and in vivo
Ves 20133 16 (432) assays, investige}ted the synergistic effect .of. mis.tletoe-
based drugs with TMZ-based chemoradiation in the
No 13 (86.7) 21 (368) treatment of glioblastoma [35]. The combined treatment
Perineural invasion 03" showed additive effects in reducing the survival of the
Yes 2(133) 12 (324) tested tumor cell lines in clonogenic assays. Based on
No 13 (86.7) 25 (67.6) the results of the available literature, we believed that

Data are presented as median (range) for continuous variables and n (%) for
categorical variables

"Mann-Whitney test; "chi-square test or Fisher's exact test; ~statistical
significance (P < 0.05)

MG, mistletoe group; NMG, non-mistletoe group; NCRT,

neoadjuvant chemoradiotherapy

from Viscum album were later identified as cytotoxic
viscotoxins and mistletoe lectins [30]. Mistletoe extract
induces apoptosis and cytotoxicity in cancer cells [31]. It
also stimulates immunocompetent cells to promote
immunomodulation as mistletoe lectin is a beta-
galactoside-specific lectin [32]. The most important
pharmacological components of mistletoe extract are
viscotoxins and lectins, which exhibit antitumor and im-
munomodulatory effects. Previous studies have shown
several synergistic effects of chemotherapy with mistle-
toe extract and antitumor drugs. Mistletoe lectin in
combination with rosiglitazone demonstrated enhanced
antiproliferative efficacy for malignant melanoma [33].

mistletoe extract may act synergistically with NCRT to
promote tumor regression. In the current study, the
TUNEL assay was used to confirm increased cell death
and apoptosis after curative surgery in patients receiving
mistletoe extract. Cleavage of caspase-3 is one of the
hallmarks of apoptosis. Western blot analysis showed
that the level of cleaved caspase protein was increased in
the two rectal cancer cell lines tested following treat-
ment with Abnoba Viscum Q° extract, indicating that
apoptosis was further increased by the extract.

Abnoba Viscum Q°, which showed a radioprotective
effect similar to that of amifostine, has been approved as
a clinical radioprotectant [36]. The viscotoxin in the
mistletoe extract has potential antioxidant activity [37].
Mistletoe extract when combined with chemotherapy
and/or radiotherapy for stage I-III colorectal cancer led
to a reduction in adverse reactions after adjuvant ther-
apy and better oncologic outcomes in terms of disease-
free survival [38]. In the present study, Abnoba Viscum
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Fig. 1 Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick-end-labeling (TUNEL) staining using 3,3"-diaminobenzidine tetrachloride
to assess apoptosis. a More TUNEL-positive tumor cells were observed in samples from the mistletoe group (MG) than in the non-mistletoe
group (NMG). b Representative TUNEL-stained samples from the non-mistletoe group (NMG)

Q° was used which we anticipated to have dual effects,
namely, radio protectivity and tumor regression, in pa-
tients with locally advanced rectal cancer.

Tumor regression after conventional NCRT occurs in
most patients, and approximately 12-38% of patients
can achieve pCR [39]. To enhance the pathologic tumor
response and improve locoregional therapy, more toxic
chemotherapeutic agents and biologics, including oxali-
platin or targeted agents, have been added to the con-
ventional NCRT regime to increase pCR and thereby
improve oncologic outcomes, including reduced recur-
rence in patients with rectal cancer. However, oxaliplatin
as a radiation sensitizer does not improve clinical out-
comes, including pCR and patient survival, but increases
chemotoxicity [10, 11, 40—42]. Clinical studies with tar-
geted agents, such as cetuximab, panitumumab, and bev-
acizumab, in NCRT for advanced rectal cancer reported
that this approach does not increase pCR, but leads to a
significant increase in toxicities [12, 13, 43, 44]. There-
fore, a new, less toxic agent needs to be identified that
could enhance tumor regression in patients with rectal
cancer. Recently, metformin with NCRT was examined
in rectal cancer, and a good tumor response and cancer-

specific survival rate, as well as a lower risk of cancer re-
currence, was reported [45]. Herein, we used mistletoe
extract, which has been approved by the Korean Food
and Drug Administration, as an anti-malignant drug for
NCRT in advanced rectal cancer to enhance the tumor
response. The pCR rates in the MG and the NMG were
53.3% and 21.6%, respectively, indicating that mistletoe
extract almost doubled the effect of NCRT, with statis-
tical significance. The T downstaging rates in the MG
and the NMG were 86.7% and 43.2%, respectively, and
the overall downstaging rates were 86.7% and 56.8%,
respectively, with statistically significant differences.
Further, lymphovascular invasion was less frequently
detected in the MG than in the NMG (13.3% vs. 32.4%,
P = 0.04). Although this study is retrospective and not
randomized, the results are very encouraging as com-
pared to those of previous studies [10, 11, 28, 39-41].
We expect to further improve the oncological outcomes
in the future by using additional mistletoe extract for
NCRT in rectal cancer based on these pathological
findings.

Patients receiving NCRT with toxic chemotherapeutic
agents, including oxaliplatin or bevacizumab, experience

SNU-503 SNU-503R80Gy
Abnoba Viscum Q® . + B +
Caspase-3 —» | cumn e R i
Cleaved caspase-3—» - — —
B-Actin — | > ——— . —

SNU-503R80Gy following treatment with Abnoba Viscum Q® extract

Fig. 2 Western blot analysis. The level of cleaved caspase-3, a marker of apoptosis, was increased in two rectal cancer cell lines SNU-503 and




Baek et al. World Journal of Surgical Oncology (2021) 19:178

increased rates of grade 3 or 4 toxicity [10-12, 42, 44].
However, mistletoe extract combined with chemothera-
peutic regimens can improve the health-related quality
of life in patients with solid tumors [16, 46]. This extract
reduces the incidence of gastrointestinal adverse effects,
such as diarrhea, in patients with gastric cancer during
adjuvant chemotherapy [16]. In a previous randomized
comparative study by Pelzer et al. in patients with breast
cancer, the mistletoe group showed a positive trend
towards less neutropenia (P = 0.178), had significantly
reduced tumor-induced pain (P <0.0001), and loss of
appetite (P = 0.047) [47]. In the present study, all ad-
verse events in the MG, including gastrointestinal symp-
toms, oral mucositis, and peripheral neuropathy, were of
grade 1. Only patients in the NMG reported grade 2
neutropenia and grade 3 anemia; however, pruritus was
observed in the MG. There were no significant differ-
ences between the MG and the NMG in the occurrence
of adverse events other than pruritis. Collectively, the re-
sults show that mistletoe extract is a safer and less toxic
agent for the treatment of patients with rectal cancer re-
ceiving NCRT. Mistletoe extracts may thus help reduce
chemotherapy-induced toxicity and enhance tolerability
to cancer treatment.

In patients receiving NCRT for rectal cancer, the bet-
ter the tumor regression, the better the patient’s progno-
sis is. Long-term oncological results of clinical complete
response (cCR) after NCRT in rectal cancer are similar
to pCR [48]. Watch-and-wait strategy mediating a sys-
tematic and strict follow-up in cCR patients following
NCRT could accomplish similar clinical outcomes as
those with surgery [49]. As Abnoba is a representative
anticancer complementary agent with fewer side effects,
its combination with NCRT could be expected to en-
hance tumor regression and confer good long-term clin-
ical results. Furthermore, if a higher cCR rate is obtained
with NCRT for rectal cancer, an effective approach can
be designed for a non-operative management using the
watch-and-wait strategy.

A few limitations of this study require particular men-
tion. First, the number of patients who received NCRT
needs to be large so as to statistically analyze the effect
of mistletoe extract on locally advanced rectal cancer.
We experienced practical limitations in terms of finan-
cial constraints on patients since mistletoe extract is not
reimbursed under the national insurance system in
Korea. Second, this was a retrospective, non-randomized
study. Third, the downstaging assessment of rectal tu-
mors after NCRT has unavoidable limitations in terms
of accuracy because the evaluation of preoperative
tumor staging was based on imaging studies. Fourth, the
mechanism of mistletoe extract underlying tumor re-
gression has not been investigated in detail. Nonetheless,
this study is significant in that it is the first to
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demonstrate better outcomes following the use of
mistletoe extract in combination with NCRT for locally
advanced rectal cancer.

Conclusions

NCRT in combination with mistletoe (Abnoba Viscum
Q°) extract led to a better tumor response for rectal can-
cer than conventional chemoradiation alone. Neverthe-
less, further large prospective randomized studies with
long-term follow-up are required to confirm the effect-
iveness of the extract in chemoradiation for patients
with locally advanced rectal cancer.
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