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Abstract
Background

Nutritional treatment is one of the most important components of multidisciplinary anti-cancer therapy.
Home enteral nutrition is considered a safe procedure, however, may be associated with the risk of side
effects, such as nausea, vomiting, abdominal pain, and diarrhoea. It is uncertain whether diarrhoea is the
result of the enteral formula or gut dysbiosis. One of the methods which may be used to alter the
composition of gut microbiota is the administration of a probiotic strain. Lactobacillus plantarum 299v
may be used as a supportive therapy in patients suffering from irritable bowel syndrome and Clostridium
di�cile infection. Therefore, the primary aim of this study is to determine the effect of Lactobacillus
plantarum 299v on nutritional status of cancer patients receiving home enteral nutrition. The secondary
aims are to evaluate the role of this probiotic strain in the improvement of tolerance of enteral formula
and patients’ quality of life.

Methods

Forty patients with cancer receiving home enteral nutrition will be enrolled in this clinical trial and
randomized to receive one capsule of Lactobacillus plantarum 299v (Sanprobi IBS®) twice a day or
placebo for 12 weeks in a double-blind manner. Laboratory tests (the level of albumin, total protein,
transferrin, and total lymphocyte count), anthropometric parameters (body mass, the content of fat mass,
muscle mass, and total body water), Nutritional Risk Screening (NRS 2002), tolerance of enteral nutrition
as well as quality of life will be measured. Measurements will be obtained at the baseline and after 4 and
12 weeks of treatment.

Discussion

It is expected that the Lactobacillus plantarum 299v will provide bene�cial effects, such as maintenance
or improvement of nutritional status, enteral formula tolerance, and quality of life of cancer patients
receiving home enteral nutrition.

Trial registration

ClinicalTrials.gov Identi�er: NCT03940768

Background
The nutritional treatment is essential within the complexity of anti-cancer therapy. Appropriate nutritional
support improves nutritional status, clinical outcomes, and as a consequence patients’ quality of life [1].
Home enteral nutrition (HEN) is recommended for patients with an e�ciently functioning alimentary tract
who do not require hospital stay [2]. According to the Villar Taibo trial, almost 75% of patients quali�ed
for HEN are malnourished [3]. Moreover, it is estimated that around half of patients with malignancies
eventually develop cancer cachexia [4, 5]. HEN provides many bene�ts; however, it is associated with the
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risk of developing adverse events, mainly diarrhoea, nausea, vomiting as well as abdominal pain [2].
Furthermore, it should be considered whether diarrhoea is the side effect of enteral feeding (for instance
– the result of applying enteral formula too fast) or it is caused by alterations in the composition as well
as the activity of gut microbiota. It should be emphasized that in patients with cancer gut dysbiosis
described as qualitative and quantitative changes in gut microbiota may occur[6]. It was elegantly shown
that there are at least several factors contributing to the development of gut dysbiosis among patients
suffering from malignancies, namely infectious and anti-cancer agents, antibiotics and eating habits [6,
7].

Currently, several therapeutic methods, to modify gut microbiota are available, predominantly
administration of prebiotics, probiotics, synbiotics, and faecal microbiota transplantation [8, 9]. Probiotic
strain – Lactobacillus plantarum 299v (L. plantarum 299v) is able to reside the human colonic mucosa in
vivo due to a speci�c mechanism of mannose adhesion [10, 11]. It should be emphasized that L.
plantarum 299v demonstrates high tolerance to acidic and alkaline environment of the stomach and the
duodenum, respectively. Therefore, this probiotic strain survives transit through the gastrointestinal tract
to the colon, where it can modify gut microbiota [7, 10]. L. plantarum 299v provides anti-bacterial activity
against potential pathogenic agents, such as Listeria monocytogenes, Yersinia enterolytica, Enterobacter
cloacae, Enterococcus faecalis and Escherichia coli. It increases transcription of the genes encoding
mucins (MUC2 and MUC3) and their secretion from goblet cells [11]. L. plantarum 299v possesses
immunomodulatory properties reducing the pro-in�ammatory cytokine synthesis and increasing the IL-10
production and secretion. This probiotic strain plays a supportive role in the treatment of irritable bowel
syndrome and Clostridium di�cile infection [12–14]. Moreover, according to the Hoppe et al. trial, freeze-
dried L. plantarum 299v increases the absorption of iron in young women [15]. There are limited data
regarding the L. plantarum 299v and cancer therapy and no trials about its use in patients with cancer
receiving home enteral nutrition. The present randomized, double-blind and placebo-controlled study
hypothesizes that administration of L. plantarum 299v is able to nutritional status, enhance the enteral
diet tolerance and quality of life of patients with cancers who receive HEN.

Hypothesis

Compared with a placebo, probiotic strain Lactobacillus plantarum 299v will improve enteral diet
tolerance, nutritional status, and quality of life of patients with cancer who receive home enteral nutrition.

Speci�c Objective

The primary aim of the study is to determine the effect of Lactobacillus plantarum 299v on nutritional
status of patients with cancer receiving home enteral nutrition. The secondary aims include the role of
Lactobacillus plantarum 299v in the improvement of enteral diet tolerance and quality of life of patients
with cancer receiving home enteral nutrition.

Methods
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Study design

In this 12-week, single-centre, randomized, double-blind, and placebo-controlled study, 20 patients with
cancers will be treated with probiotics and 20 patients will receive a placebo. The post-allocation clinical
and laboratory assessment will be performed at weeks 0, 4, and 12 in all participants (Fig. 2). Patients in
the probiotic- group will receive two capsules of Sanprobi IBS® containing 1010 CFU of Lactobacillus
plantarum 299v for 12 weeks. Participants in the control group will receive placebo (two capsules daily)
for 12 weeks. The participants will be recruited to this study by the nutritionist and the surgeon in
Nutritional Counselling Centre Copernicus in Gdansk and Medical University of Gdansk (Department of
Clinical Nutrition and Dietetics). The researches and participants will be blinded to the group assignment
since the probiotic product and the placebo will be completely identical and indistinguishable from one
another. The enrolment of participants is presented at Fig. 1.

Subjects

Inclusion criteria

Patients will be included if they meet all of the following criteria:

Age ≥18 year

The presence of cancer

Arti�cial access to the gastrointestinal tract (naso-gastric tube, gastrostomy, percutaneous
endoscopic gastrostomy, jejunostomy, percutaneous endoscopic gastrostomy with jejunostomy) –
enteral feeding

Qualify for home enteral nutrition

written consent to take part in the study

Exclusion criteria

Patients will be excluded if they meet any of the following exclusion criteria:

Qualify for home enteral nutrition, but suffering from another disease than cancer

Patients requiring additional parenteral nutrition

Not being able to visit the study centre

Allocation To Treatment, Randomization, And Blinding

At the beginning, the patients will have to sign an informed consent to participate in the study. After
meeting all the inclusion criteria and obtaining a consent agreement, the participants will receive a unique
number by the nutritionist. Each number will be allocated to particular intervention group. The eligible
patients will be allocated to the treatment for 12 weeks with either to probiotic product or placebo.
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Randomization will be performed by means of researchrandomzer.com software, typically used by
clinical research associates. The randomization ratio will be 1:1. The researches and participants will be
blinded for treatment received by probiotic company. The patients will intake one capsule of study
product (probiotic or placebo) in the morning after breakfast and one capsule in the evening after dinner.
The participants who cannot swallow the capsule, will be instructed to mix the capsules’ powder with 20
millilitres of water or saline and administer the solution through the enteral feeding access. The capsules
(probiotic product as well as placebo) will be stored at refrigerator temperature.

Intervention group

The intervention group will be administered a Sanprobi IBS® capsule twice a day for 12 weeks. Each
capsule contains 1010 CFU of Lactobacillus plantarum 299v. The intervention capsules will be produced
and packed by Sanprobi company (Sanprobi IBS® Sanprobi Sp. z o.o., Sp. k., Szczecin, Poland; producer
of capsules – Institute Rosell-Lallemand, Montreal, Canada; LP299v owner of probiotic strain – Probi AB,
Lund, Sweden).

Control group

The control group will receive placebo capsules twice a day for 12 weeks. The placebo capsules,
produced and packed by the same company as intervention capsules – Sanprobi, will not contain any
microorganisms.. 1 capsule of placebo will contain 410 mg +/- 7.5%, potato starch − 403 mg, and 7 mg
of magnesium stearate (magnesium salts of fatty acids).

Outcomes

Participant timeline

The timetable of follow-up visits and measurements is presented using The Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) diagram at Fig. 2. Each of the participants will visit
the study centre three times (at baseline, after 4 weeks, and after 12 weeks). During follow-up visits,
patients will receive study products (probiotic or placebo depending on study groups). At baseline, 60
capsules for 30 days; after 4 weeks 120 capsules for next 60 days. If during this trial, any participant fails
to continue the study protocole, the data will be collected and this information will be further noted in the
publication.

Primary Outcome

The staff involved in the measurements will be blinded to the outcomes.

The primary outcome is the improvement in the nutritional status in a probiotic-receiving group in
comparison to a placebo-receiving group. The nutritional status will be evaluated by means of
anthropometric parameters, laboratory tests, and Nutritional Risk Screening 2002 (NRS 2002 tool).



Page 6/14

Anthropometric parameters will be performed using:

<

Analysis of body mass composition: fat mass, muscle mass, total body water.

Body mass index.

Laboratory tests:

The level of albumin, total protein, transferrin, and total lymphocyte count.

Nutritional Risk Screening 2002 tool

This tool is divided into two parts. The �rst one estimates the nutritional status based on:
unintentional weight loss over 1 to 3 months and food intake over 1 to 3 weeks. The second part
regards the occurrence of diseases or types of treatment, which are related to increased daily calories
intake (e.g. bone marrow transplant, treatment with radiotherapy or chemotherapy). Patients aged 70
and above, receive additional scoring point. This is a validated screening tool. Nutritional support
should be provided if the NRS score is 3 and more.

Secondary Outcomes

First secondary outcome is estimate the differences in tolerance of enteral diet in patients receiving
placebo or probiotic supplements. The assessment will be based on own questionnaire including
information such as number of stools, occurrence of nausea, vomiting, abdominal pain, and
�atulence. The questionnaire will be �lled every day for 12 weeks by patients and evaluated during
follow-up visits after �rst 4 weeks and after next 8 weeks.

Second secondary outcome evaluate the difference in quality of life of patients receiving placebo or
probiotic supplements. To assess the patients’ quality of life The World Health Organization Quality
of Life-BREF (WHOQOL-BREF) questionnaire will be used. The questionnaire contains questions
divided into 4 domains (environmental, psychological, somatic, social factors). The quality of life will
be controlled at baseline, after 4 weeks, and after 12 weeks.

Blood sampling and preparation

The level of albumin, total protein, transferrin, and total lymphocyte count will be measured. The blood
samples will be taken from a forearm vein by a nurse at the baseline, after 4 weeks, and next after 12
weeks. All blood samples will be taken in Counselling Nutritional Centre Copernicus in Gdansk and in the
same day will be given to the laboratory to conduct the analysis.

Anthropometric parameters

The analysis of the composition of body mass (fat mass, muscle mass, total body water) will be
conducted using a BIA analyser – Medical Jawon. It will be performed by a nutritionist in the Department
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of Clinical Nutrition and Dietetics. The body mass index will be also calculated by the nutritionist.

NRS 2002 tool, tolerance of enteral nutrition, quality of life

NRS 2002 tool

Assessment of nutritional status will be conducted by a nutritionist in the Department of Clinical
Nutrition and Dietetics using NRS 2002 tool by the nutritionist three times (at baseline, after 4 weeks,
and after 12 weeks). The content of the NRS 2002 tool is mentioned above.

Tolerance of enteral nutrition

The tolerance of enteral nutrition will be evaluated by the nutritionist in the Department of Clinical
Nutrition and Dietetics using own questionnaire. The content of the questionnaire is described in
section – secondary outcomes. It will be checked at the baseline and after 4 weeks.

Quality of life

Patients’ quality of life will be assessed by the nutritionist in the Department of Clinical Nutrition and
Dietetics with WHOQOL-BREF questionnaire. The content of WHOQOL is included in section –
secondary outcomes. It will be assessed at the baseline, after 4 weeks, and after 12 weeks from
baseline.

Adverse Outcomes

Patients are instructed to inform the researchrers about any changing conditions during the trial.
Furthermore, during follow-up visits the researchers will ask about adverse events which may be related
to the intervention. If any adverse events occur it will be noted in report form and reported in publication.

Clinical trial registration

The study has been registered in ClinicalTrials.gov which is a database of privately and publicly funded
clinical studies conducted around the world (ClinicalTrials.gov Identi�er: NCT03940768).

Statistical analysis

When computing a priori sample size, we anticipated that the probiotic intervention will decrease the
weight loss by 10% with an SD of around 15% for weight change. Calculating the mean weight loss in a
70kg men and assuming 1:1 allocation ratio and 80% statistical power we evaluated that the number of
participants will be 36. Allowing for a withdrawal rate of 20% for the primary outcome we aim to
randomly allocate  40 participants to receive either active product or placebo. The required sample size
were evaluated using G-power analysis software.

The calculations will be carried out with the use of Statistica package by Dell Inc. The descriptive
statistics will include averages, medians, standard deviations, maximum and minimum values. In order to
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check the normality of distribution of populations subject to research, the W Shapiro-Wilk test will be
applied.  To check the homogeneity of variations of the groups compared, the Brown-Forsythe test will be
applied. Then, depending on the type of data and shape of distributions compared, the U Mann-Whitney
test, Student's t-test or a version of Student's t-test with independent variance estimation will be applied.
Signi�cance level will be 0,05.

Discussion
According to the best of our current knowledge, this is the �rst randomized, double-blind, and placebo-
controlled trial, which is aimed to assess the role of Lactobacillus plantarum 299v in the improvement of
nutritional status, tolerance of enteral nutrition, and quality of life of patients with cancers who receive
home enteral nutrition

The bene�cial effects of Lactobacillus plantarum 299v for several diseases have been demonstrated in
many clinical trials [13, 14]. In Niedzielin et al. study [14] authors assessed the e�ciency of Lactobacillus
plantarum 299v in the treatment of irritable bowel syndrome. The participants were divided into two
groups: �rst receiving probiotic (n=20) in dose 5x 107 CFU/ml in dose of 200ml twice a day for 4 weeks
and second consuming placebo (n=20). All the  participants declared a resolution of abdominal pain and
only 11 subjects from control group (p=0.0012). Moreover, the normalization of stool frequency was most
often observed in probiotic group in comparison to placebo (p=0.17). The improvement of all symptoms
of irritable bowel syndrome was noted in 95% subjects receiving probiotic and in 15% participants from
control group (p<0.0001). Patients receiving home enteral nutrition often develop similar symptoms as
patients with irritable bowel syndrome, such as nausea, vomiting, abdominal pain, and diarrhoea [2]. It
should be emphasized that the enteral feeding provides many bene�ts for patients with cancer, mainly
preventing mucosal atrophy, reducing endotoxins translocation, and preserving gut immunity [16]. The
most common adverse event after administration of enteral formula is diarrhoea [2]. The pathogenesis of
diarrhoea during enteral nutrition includes enteropathogenic infection, administration of antibiotics, as
well as alterations of the physiologic response of the ascending colon where water is secreted into the
lumen [17]. The frequency of diarrhoea varies, however it is estimated that diarrhoea affects patients in a
wide range from 2% to even 95% [17]. It depends on the medical conditions and how diarrhoea is de�ned.
The incidence of diarrhoea is increased in critically ill patients [18]. Lactobacillus plantarum 299v may be
used as a prevention of Clostridium di�cile infection. It was con�rmed that routine use of Lactobacillus
plantarum 299v may prevent Clostridium di�cile infection during antibiotic therapy in patients receiving
immunosuppressing agents and hospitalized in nephrological and transplantation wards. Furthermore,
the results of Wullt et al. [19] study indicate that Lactobacillus plantarum 299v reduces the side effects of
antibiotics on colonic fermentation in patients suffering from recurrent Clostridium di�cile-associated
diarrhoea. Probiotic strains may be used to prevent side effects of enteral nutrition, which was shown in
Zhao et al. study [20]. This trial recruited 120 patients with gastric cancer who received enteral nutrition
and probiotics for  7 days after the surgical procedure. The patients were divided into 3 groups: �rst
received �ber-free nutrition formula (n=40), second consumed �ber-enriched nutrition formula (n=40), and
third received �ber- and probiotics-enriched nutrition formula (n=40). Patients receiving probiotics-
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enriched nutrition formula had a lower risk of developing diarrhoea. However, the laboratory parameters
assessing nutritional status did not differ signi�cantly between groups [18]. The similar results were
obtained by Xie et al. [21]. In this study including 140 patients with gastric cancer receiving enteral
nutrition in combination with probiotics for 8 days, the decrease in the incidence of diarrhoea in the
postoperative period and reduction of the of the pro-in�ammatory cytokine level  (IL-6, IL-8, and TNF-α)
were reported. However, the laboratory parameters assessing nutritional status did not change [20].
Overall, the results of these abovementioned studies con�rm that probiotic strains are effective in
reducing the occurrence of diarrhoea. Since the periods of probiotics intake in these were short, it was not
unexpected to not improve the nutritional status of patients. In our study, we decided to administer the
probiotic strain Lactobacillus plantarum 299v in full dose (2 capsules per day) for 12 weeks, which
allows us to expect changes in laboratory parameters (especially in cases of parameters with a long half-
life, for instance in case of albumin).

Notwithstanding, diarrhoea can also be a result of gut dysbiosis caused by anti-cancer therapeutics or
antibiotics (e.g. they can lead to pathogenic bacteria overgrowth) [18]. The administration of probiotic
strains is one of the therapeutic methods used to restore gut microbiota [8]. Lactobacillus plantarum
299v—is highly tolerant to a wide range of pH and it can transit through the gastrointestinal tract causing
the modi�cation of gut microbiota composition [7,10]. Among others, due to above-mentioned properties,
it may be used to alter gut microbiota and as a consequence contributes to the reduction of the incidence
of diarrhoea. Furthermore, the administration of Lactobacillus plantarum 299v may improve patients’
quality of life and enteral nutrition tolerance by the reduction of gastrointestinal side effects of
multimodal anti-cancer therapy.
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L. plantarum 299v
Lactobacillus plantarum 299v
NRS 2002
Nutritional Risk Screening 2002 tool
WHOQOL-BREF
World Health Organization Quality of Life-BREF
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Figure 1

Participants �ow diagram.
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