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Abstract. – OBJECTIVE: Several human tri-
als have confirmed that Lactobacillus plantarum 
299v (Lp299v) relief the gastrointestinal symp-
toms observed in patients with irritable bowel 
syndrome, such as nausea, vomiting, and diar-
rhea. These symptoms are similar to those as-
sociated with home enteral nutrition and they af-
fect nutritional status as well as patients’ qual-
ity of life. The aims of this study were to deter-
mine the effect of Lp299v on nutritional status, 
enteral formula tolerance, and quality of life in 
cancer patients. 

PATIENTS AND METHODS: The current dou-
ble-blind, randomized, and placebo-controlled 
study included 35 cancer patients receiving 
home enteral nutrition. There were 2 groups of 
participants consuming either 2 x 10^10 CFU of 
Lp299v (n=21) or placebo (n=14) for 4 weeks. 

RESULTS: An increase in the serum albu-
min concentration was significantly higher in 
the Lp299v group than in the placebo group at 
the endpoint (p=0.032). Moreover, the chang-
es in the frequency of vomiting and flatulence 
were significantly reduced at week 4 compared 
to baseline in the Lp299v group (p=0.0117). The 
improvement of quality of life was observed 
in both groups; however, with no statistical-
ly significant differences between the analyzed 
groups (p>0.05).

CONCLUSIONS: We have demonstrated that 
administration of Lp299v in cancer patients re-
ceiving home enteral nutrition may improve lab-

oratory parameters, predominantly the concen-
tration of albumin, however, overall it does not 
have an impact on nutritional status. Lp299v 
may reduce the gastrointestinal symptoms relat-
ed to enteral nutrition; notwithstanding, the im-
provement of quality of life may be the result of 
enteral nutrition rather than the effect of admin-
istration of Lp299v.

Key Words:
Lactobacillus plantarum 299v, Home enteral nutri-

tion, Cancer, Nutritional status, Quality of life.

Abbreviations

QOL = quality of life; HEN = home enteral nutrition; EN 
= enteral nutrition; Lp299v = Lactobacillus plantarum 
299v (DSM 9843); ITT = intention to treat; FAS = full set 
analysis; NRS 2002 = Nutritional Risk Screening 2002; 
TBW = total body water; BMI = body mass index; TLC 
= total lymphocyte count; GLIM = Global Leadership 
Initiative on Malnutrition; WHOQOL-BREF = World 
Health Organization Quality of Life-Bref; PEG = per-
cutaneous endoscopic gastrostomy; ESPEN = European 
Society for Clinical Nutrition and Metabolism; FF = fi-
ber-free nutrition formula; FE = fiber-enriched nutrition 
formula; FEP = fiber- and probiotic-enriched nutrition 
formula; CI = confidence interval; SGA = Subjective 
Global Assessment; MIE = Ivor Lewis minimally inva-
sive esophagectomy; OE = open esophagectomy; FACT 
= Functional Assessment of Cancer Therapy.
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Introduction

Nutritional treatment is an important com-
ponent of multidisciplinary anti-cancer therapy. 
According to many trials, appropriate nutritional 
support reduces the side effects of anti-cancer 
treatment, shortens the length of hospital stay, 
improves nutritional status and the clinical out-
come as well as patients’ quality of life (QOL)1. 
Home enteral nutrition (HEN) is recommended 
for patients with efficiently functioning gastroin-
testinal tract who do not require hospitalization1,2. 
According to Villar Taibo et al3, as many as 75% 
of patients qualified for HEN are malnourished. 
Furthermore, several trials showed that HEN 
positively affects the patients’ nutritional status 
presenting multiple benefits; however, enteral nu-
trition (EN) may also be associated with some 
complications, such as nausea, vomiting, flatu-
lence, as well as abdominal pain4. Notwithstand-
ing, diarrhea is the most prevalent side effect 
during HEN. It has an impact on overall recovery 
in the postoperative period, causes fluid and elec-
trolyte loss, prolongs the length of hospital stay, 
as well as increases mortality and morbidity4. 
The incidence of diarrhea in patients receiv-
ing EN varies between 12 and 68% patients5,6. 
However, the pathogenesis of this symptom in-
volves several factors. It is mainly caused by 
the unadjusted speed of the enteral formula ad-
ministration and gastrointestinal tract’s reaction 
to substances with higher osmolarity. In cancer 
patients, diarrhea can be an adverse event during 
anti-cancer therapy (e.g., chemotherapy-related or 
radiotherapy-related diarrhea). Another hypothe-
sis is that diarrhea might be caused by changes 
in the gut microbiota4,7. Overall, the inadequate 
composition of gut microbiota has been linked 
to poor eating habits (high-fat diet, low fiber in-
take), administration of antibiotics, side effects of 
anti-cancer therapy, and surgical procedures8-11. 
In cancer patients, the increased abundance of 
several specific bacteria was noted. For instance, 
the high count of Fusobacterium nucleatum, Bac-
teroides fragilis, Streptococcus bovis, Peptost-
reptococcus anaerobius, Enterococcus faecalis, 
as well as Helicobacter pylori is observed. These 
bacteria have been described as colorectal can-
cer-associated pathogens7,10. Moreover, the low 
level of Bifidobacteria and high level of Clostrid-
ia in patients who experienced diarrhea during 
EN were noted4,12. It should be emphasized that 
Clostridia is known as pathogenic bacteria caus-
ing diarrhea4. 

Currently, the administration of probiotics is 
one of the methods used to modify gut microbi-
ota13,14. Lactobacillus plantarum 299v DSM 9843 
(Lp299v) is a probiotic strain belonging to the 
Firmicutes and Gram-positive lactic acid bacte-
ria15,16. It is commonly found in diet and is also 
able to reside in human colonic mucosa in vivo due 
to a specific mechanism of mannose adhesion17. 
Lp299v demonstrates high tolerance to acidic en-
vironments in gastric, as well as alkaline in the 
duodenum18. It has immunomodulatory properties 
increasing the anti-inflammatory IL-10 synthesis 
and secretion. Moreover, it increases the tran-
scription MUC2 and MUC3, thus secretion of mu-
cins being glycoproteins, which provide protection 
for the intestinal mucosal surfaces19. Lp299v has 
antibacterial activity against pathogens, such as 
Listeria monocytogenes, Escherichia coli, Entero-
coccus faecalis, as well as Clostridium difficile18. 
Kujawa-Szewieczek et al15 trial has confirmed that 
routine use of Lp299v may prevent Clostridium 
difficile infection during antibiotic therapy in ne-
phrology and transplantation ward; these results 
were also confirmed in one-year extended study20. 
Lp299v is also recommended for patients suffering 
from irritable bowel syndrome (IBS). Its admin-
istration has been found to relieve symptoms, 
such as relapsing abdominal pain, flatulence, and 
diarrhea21. 

As it was mentioned above, gastrointestinal 
symptoms occurring during EN are similar to 
those in IBS. The data regarding EN in combina-
tion with probiotics are limited; moreover, there 
is no data assessing the role of Lp299v in cancer 
patients receiving HEN. The primary aim of 
this randomized, double-blind, and placebo-con-
trolled study was to determine the effect of the 
Lp299v on the nutritional status of cancer pa-
tients receiving HEN. The secondary aims were 
to assess the role of Lp299v in the improvement 
of EN tolerance and patients’ QOL. 

Patients and Methods  

Patients 
Participants (n=35) were recruited by surgeon 

and nutritionist in Nutritional Counselling Centre 
Copernicus in Gdansk and Department of Clini-
cal Nutrition and Dietetics (Medical University 
of Gdansk), Poland. Inclusion criteria were age 
≥18 yr., the presence of cancer, artificial access to 
the alimentary tract (naso-gastric tube, gastros-
tomy, percutaneous endoscopic gastrostomy, je-
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junostomy, micro jejunostomy), qualification for 
HEN, written consent to take part in the study. 
Exclusion criteria included: age <18 yr., patients 
requiring home parenteral nutrition, not being 
able to attend the visit in the study center. 

Study Design 
This study was designed as a randomized, dou-

ble-blind, and placebo-controlled to assess the 
efficiency of Lp299v in cancer patients receiving 
HEN. Treatment duration was 4 weeks with 1 
visit after completing the 4th week. The study 
protocol has been approved by the Independent 
Bioethics Committee for Scientific Research at 
the Medical University of Gdansk (identifier: 
422/2016). All participants gave written informed 
consent prior to participation in this study and 
the information about this trial was explained to 
them. This study has been registered in Clinical-
Trials.gov (identifier: NCT03940768). 

The flow chart of this study is presented in Fig-
ure 1. A total of 35 participants were randomized 
into two groups: one group receiving probiotic 
– Lp299v (n=21) and the control group receiving 
placebo (n=14). Among these 35 participants, 10 
were excluded, because they did not complete the 
4 weeks treatment due to resignation or death. 

Study Products 
The study test product was Sanprobi IBS® 

containing 1010 CFU of Lp299v (Sanprobi IBS® 
Sanprobi Sp. z o.o., Sp. k., Szczecin, Poland; 
producer of powder – Institute Rosell-Lallemand, 
Montreal, Canada; LP299v owner of probiotic 
strain – Probi AB, Lund, Sweden). Placebo was 
produced and packed by the same company and 

did not contain any microorganisms. Placebo 
capsule weighed 410 mg +/- 7.5% and contained 
potato starch – 403 mg and magnesium stearate 
(magnesium salts of fatty acids) – 7 mg. Both the 
test and placebo products had the same appear-
ance, structure, and taste. The study products 
were stored at refrigerator temperature. The par-
ticipants were instructed to take one capsule of 
probiotic/placebo product in the morning after 
breakfast and one capsule in the evening after 
dinner for 4 weeks. The patients who could not 
swallow were provided by mixed capsules’ pow-
der with 20 ml of water or saline (in the case of 
patients with jejunostomy and micro jejunosto-
my). All participants were given standard nor-
mo-caloric enteral formulas with no additional 
fiber (average dose – 1500 ml) during 4-week 
therapy. The provision of enteral formula was ad-
justed to calorie requirements calculated with the 
Harris-Benedict Equation. The advised speed of 
administration was: (a) jejunostomy – 30-40 ml/h 
during first 4-7 days than reaching maximum 
tolerable dose/h (maximum 120 ml/h); (b) gastric 
access – repeated – 200-300 ml bolus followed by 
a 2-3 h break. 

Sample Size and Randomization 
After meeting the inclusion criteria and ob-

taining consent agreement, participants were 
randomized to receive a probiotic or placebo 
product. The randomization ratio was 1:1 and 
was performed by means of researcherandomizer.
com software, typically used by clinical research 
associates. The researches and participants were 
blinded to the treatment arm. 

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 70 kg men and assuming 
1:1 allocation ratio and 80% statistical power we 
evaluated that the number of participants will 
be 36. We randomly allocated 35 participants to 
receive either probiotic product or placebo. The 
required sample size was evaluated using the 
G-power analysis software. 

Outcomes 

Primary Outcomes  
The primary outcome was the improvement 

of nutritional status in a probiotic-receiving 
group in comparison to placebo-receiving pa-

Figure 1. A flow-chart of the study design. ITT – intention 
to treat; FAS – full set analysis. 
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tients. The nutritional status was evaluated by 
means of anthropometric and laboratory param-
eters, as well as the Nutritional Risk Screening 
2002 tool (NRS 2002 tool). Anthropometric 
parameters were: the percentage of unintention-
al weight loss during last the 6 months before 
the intervention, the composition of body mass 
(fat mass, muscle mass, total body water – 
TBW) and Body Mass Index (BMI). The body 
mass analysis was performed using BIA analy-
ser – Medical Jawon in Department of Clinical 
Nutrition and Dietetics, Medical University of 
Gdansk, Poland. Laboratory tests included the 
serum concentration of albumin, total protein, 
and total lymphocyte count (TLC). The blood 
samples were taken in Nutritional Counselling 
Centre Copernicus in Gdansk and next given to 
the laboratory to conduct the analysis The an-
thropometric parameters and laboratory analy-
ses were collected at baseline and after 4 weeks. 
The anthropometric parameters were noted at 
baseline and after 4 weeks. 

Moreover, by means of NRS 2002 we evaluat-
ed the nutritional status of study participants but 
only at baseline. Malnutrition was diagnosed and 
categorized according to the Global Leadership 
Initiative on Malnutrition (GLIM) criteria (Stage 
1 – moderate malnutrition, Stage 2 – severe 
malnutrition). The severity grading is based on 
phenotypic criteria. Stage 1 requires one of the 
following criteria: weight loss (5-10% within the 
past 6 months, or 10-% beyond 6 months), low 
BMI (<20 kg/m² if < 70 yr., <22 kg/m² if ≥ 70 
yr.), and reduced muscle mass (mild to moderate 
deficit). Stage 2 – one of the following phenotypic 
criteria must be met: weight loss (>10% within 
the past 6 months or >20% beyond 6 months), 
low BMI (<18.5 kg/m² if < 70 yr., <20 kg/m² 
if ≥ 70 yr.), and reduced muscle mass (severe 
deficit). 

Secondary Outcomes 
The secondary outcomes were the improve-

ment of EN tolerance and patients’ quality of 
life. The tolerance of EN was assessed with au-
thors own questionnaire referring to number of 
stools, frequency of vomiting and flatulence. The 
questionnaire was filled every day by patients 
and analyzed during the follow-up visit after 4 
weeks. In order to assess patients’ quality of life, 
we used the World Health Organization Quality 
of Life-BREF (WHOQOL-BREF) questionnaire. 
It contains 26 questions divided into 4 domains 
(D1 – environmental, D2 – psychological, D3 – 

somatic, and D4 – social factors); moreover, first 
question (Q1 – How would you rate your quality 
of life?”) regards patients’ self-assessment of 
QOL (where 1 point means “very poor” and 5 
“very good”) and second (Q2 – “How satisfied 
are you with your health?”) patients’ self-assess-
ment of status of health (where 1 point means 
“very dissatisfied” and 5 “very satisfied”). The 
QOL was checked at baseline and after 4 weeks. 
The more points, the better QOL. 

Statistical Analysis 
The statistical analyses have been performed 

using the statistical suite StatSoft Inc. 2014 STA-
TISTICA version 12.0. www.statsoft.com and 
Microsoft Excel. The quantitative variables were 
characterized by the arithmetic mean of standard 
deviation or median or max/min (range) and 
95% confidence interval. The qualitative vari-
ables were presented with the use of count and 
percentage. In order to check if a quantitative 
variable derives from a population of normal 
distribution, the Shapiro-Wilk test has been used. 
Whereas to prove the hypotheses on homogene-
ity of variances Leven (Brown-Forsythe) test has 
been utilized. Statistical significance of differ-
ences between two groups (unpaired variables 
model) was processed with the t-Student’s test 
(or Welch test in the case of lack of homogeneity) 
or U Mann-Whitney test (in cases where condi-
tions of performing the t-Student’s test were not 
satisfied or for variables measured by ordinal 
scale). The significance of difference between 
more than two groups were assessed with F-test 
(ANOVA) or Kruskal-Wallis (if AVOVA condi-
tions were not fulfilled). In the case of statisti-
cally significant differences between two groups 
post hoc tests were utilized (Tukey test for F or 
Dunn for Kruskal-Wallis). In the case of two 
paired variables, t-Student or Wilcoxon signed-
rank (if t-Student conditions are not fulfilled or 
for variables measured in ordinal scale) test was 
utilized. The significance of difference between 
more than two variables in the paired variables 
model has been checked by analysis of variance 
with repeated measurements or by Friedman test 
(if analysis of variance conditions are not satis-
fied or for variables measured in ordinal scale). 
Chi-squared tests for independence were used 
for qualitative variables (with the use of Yates 
correction for cell counts below 10, with check 
of Cochrane’s conditions or with Fisher’s exact 
test respectively). In order to determine depen-
dence, strength and direction between variables, 
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correlation analysis was used by determining the 
Pearson or Spearman’s correlation coefficients. 
In all the calculations the statistical significance 
level of p=0.05 has been used. 

Results 

Patients’ Baseline Characteristics 
A total of 35 participants were included in this 

trial (Table I). Among these, 10 were excluded 
due to resignation or death. 82.85% of ITT pa-
tients and 80% of FAS were severe malnourished 
according to GLIM criteria before intervention. 
No significant differences were observed be-
tween the Lp299v groups and the placebo group 
in terms of age, gender, type of cancer, artificial 
access to the alimentary tract, NRS 2002, and 
percent of unintentional weight loss during last 6 
months at baseline. 

Laboratory Parameters 
The mean changes within the laboratory pa-

rameters over 4 week period in both groups are 
shown in Figure 2. The increase of the level of 
albumin in blood serum was significantly high-
er in Lp299v group than in the placebo group 
after week 4 (baseline 41.7±3 vs. 39.7±6.2; 
after treatment 43.2±4.3 vs. 38±7.1; p=0.032; 
respectively). In Lp299v group the concentra-
tion of albumin in blood serum was signifi-
cantly increased after week 4 in compared to 
baseline (p=0.0335); but not in placebo group 
(p=0.594). Overall increase of total protein 
after 4 week in comparison with baseline was 
also observed in Lp299v group, however it 
was not statistically significant (70.6±3.7 vs. 
71.4±4.7; p>0.05). This improvement was not 
present in placebo group (69.1±4 vs. 67.6±8.8; 
p>0.05). No statistically significant differences 
were found after treatment period in TLC/L in 

Table I. Patients’ characteristics ITT – Intention to treat; FAS – Full set analysis; PEG – percutaneous endoscopic gastrostomy; 
NRS 2002 – Nutritional Risk Screening; BMI – Body Mass Index. 

 ITT  ITT     
 Lp299v FAS Placebo FAS ITT 
 n = 21  n = 15  n = 14  n = 10  p-value FAS

Age (yr.)  60 ± 10.9 60.9 ± 12.2 61.1 ± 8.9 62.2 ± 10.2 0.7566 0.7887 
Gender (M/F)  16/5  10/5 11/3  8/2 0.8695 0.4670 
Disease (%)      0.5992 0.6830
Gastric cancer  19 33.3 21.4 30  
Esophageal cancer  38.1 20 21.4 20  
Throat cancer 19 20 28.6 10  
Tongue cancer  4.8 6.7 14.3 20  
Tonsil cancer  9.5 0 0 0  
Gum cancer  4.8 6.7 0 0  
Sinus cancer  4.8 6.7 0 0  
Lung cancer  0 6.7 7.1 10  
Pancreatic cancer  0 0 7.1 10  
Craniofacial cancer  0  0  7.1  0   
(%)      0.2265  0.1619
PEG  47.6 53.3 42.9 40  
Jejunostomy  47.6 46.7 28.6 30  
Micro jejunostomy  0 0 7.1 10  
Naso-gastric tube  4.8  0 21.4  20   
(%)      0.9043 0.8183
NRS 2002 tool score < 3  0 0 0 0  
3  4.8 6.7 7.1 0  
4  19 20 21.4 30  
5  61.9 53.3 50 50  
6  14.3  20 21.4  20    
BMI (kg/m²)  21.2 ± 3.4  22 ± 3.1 21.4 ± 3.9  21.5±3.6 0.8916  0.7083
% of unintentional  19.3 ± 9.9 17.1 ± 8.6  14.7 ± 6.4 13.9±7.0  0.1305  0.3356
weight loss (last 6 
months) 
Albumin (g/L)  40.7 ± 4.2 41.7 ± 3  39.7 ± 5.4 39.7 ± 6.2 0.5516 0.3571
Total protein (g/L)  69.9 ± 4.2 70.6 ± 3.7  68.6 ± 5.0 69.1 ± 4  0.4293 0.3362
TLC/ L  1620.2 ± 898.2 1628.5 ± 809.9  1286.7 ± 666.9 1454.4 ± 411.2 0.2440 0.5379
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Lp299v and placebo group (1628.5±809.9 vs. 
1454.4±411.2; 1508.6±938.3 vs. 1278.5±640.1; 
p>0.05; respectively). 

Anthropometric Parameters 
The alterations of anthropometric parameters 

are presented in Table II. There were no statisti-
cally significant changes in body mass, BMI, the 
content of fat mass, muscle mass, and TBW in 
both groups after 4-week treatment (p>0.05). 

Tolerance of Enteral Nutrition
The frequencies of vomiting and flatulence 

(Figure 3) were significantly reduced at week 4 
compared to baseline in Lp299v group (baseline: 
1.5±2, after 4 week: 0.6±1.8, p=0.0346; baseline: 
1.8±2.2, after 4 week: 0.5±1, p=0.0117; vomiting 
and flatulence respectively). However, it was not 
observed in placebo group (baseline: 1.9±1.9, 
after 4 week: 1.1±2.2, p=0.1415; baseline: 1±1.5, 

after 4 week: 0.1±0.3, p=0.0679, vomiting and 
flatulence respectively). The significant differ-
ences in frequency of vomiting and flatulence 
at baseline, at week 2, 3, and 4 between both 
groups were not observed (p=0.5235, p=0.1741, 
p=0.5603, p=0.4054; p=0.4540, p=0.8244, 
p=0.6373, p=0.4540, respectively). 

The alterations of the stools frequency (Figure 
3) per day were significantly reduced at week 4 
compared to baseline in both groups (Lp299v 
baseline: 1.3±0.7, after 4 week: 0.8±0.4, p=0.029; 
placebo baseline: 1±0.4, after 4 week: 0.8±0.4, 
p=0.0295). No differences in changes of stools 
frequency at baseline, week 2, 3, and 4 between 
both groups were noted (p=0.1548, p=0.3892, 
p=0.33, p=0.8852, respectively). 

Quality of Life 
The alterations of quality of life are shown in 

Figure 4. The quality of life in Q1 was significant-

Figure 2. Changes in laboratory parameters in both groups. Dashed lines represent measurement of each patients before and 
after intervention. Solid lines represent mean values before and after intervention.

Table II. Changes in anthropometric parameters in both groups. TBW – total body water, BMI – Body Mass Index.

                            Lp299v                               Placebo                               p-value
Anthropometric
 parameters Baseline  After 4 weeks  Baseline  After 4 weeks  Baseline  After 4 weeks 

Body mass (kg)  65.7 ± 12.1 65 ± 10.8 64.5 ± 11.1 63.5 ± 11.8 0.8056  0.7461 
BMI (kg/m²)  22.0 ± 3.1  21.7 ± 3.0  21.5 ± 3.6  21.1 ± 3.7  0.7083  0.6775 
Fat mass (%)  14.2 ± 6.3 13.8 ± 6.3 13.6 ± 6.8 13.3 ± 6.6 0.8094  0.8352 
Muscle mass (kg)  51.3 ± 8.7 50.6 ± 7.9  50.4 ± 7.6  49.7 ± 7.2  0.2673  0.2809 
TBW (%)  36.8 ± 6.3 36.4 ± 5.7  36.3 ± 5.3 35.8 ± 4.9  0.8274  0.8019 
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ly increased in Lp299v group after week 4 com-
pared to baseline (2.7±1 vs. 3.3±0.8, p=0.0077). In 
Lp299v group the QOL was significantly higher 
in D2 and D4 after week 4 compared to baseline 
(12.7±2 vs. 13.5±2, p=0.028; 14.4±2.1 vs. 15.4±1.9, 
p=0.0414; respectively). In placebo group the 

increase of OQL was also observed in Q1, Q2, 
D2, D3, and D4, however, the differences were 
not significant compared to baseline. Moreover, 
no statistically significant differences between 
both groups in Q1, Q2, and domains were noted 
(p>0.05). 

Figure 3. Changes in frequency of gastrointestinal symptoms and stools. A – vomiting; B – flatulence, C – stools. Lp299v – 
Lactobacillus plantarum 299v. 

Figure 4. Changes in quality of life. A – Q1 (self-assessment of QOL); B – Q2 (self-assessment status of health); C – D1 
(environmental); D – D2 (psychological); E – D3 (somatic); F – D4 (social factors). Lp299v – Lactobacillus plantarum 299v. 
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Discussion 

The previous studies4,22 have reported that add-
ing probiotics to EN could improve immune 
function and decrease the incidence of diarrhea in 
cancer patients. Yi et al23 conducted a meta-anal-
ysis which confirmed that early EN supplemen-
tation with probiotics effectively decreased the 
risk of infections (risk ratio [RR], 0.53; 95% 
confidence interval [CI], 0.44-0.65), mortality 
(RR, 0.56; 95% CI, 0.38-0.82), gastrointestinal 
complications (RR, 0.19; 95% CI, 0.13-0.25), 
and shortened an intensive care unit stay (mean 
difference [MD], −4.55; 96% CI, −5.91 to −3.19) 
in patients with severe head injury including also 
cancer patients. Notwithstanding, the effect of 
the Lp299v on nutritional status and the improve-
ment of EN tolerance as well as the quality of life 
of cancer patients receiving HEN has not been 
studied earlier. Moreover, the present study treat-
ment length is 4 weeks in comparison with other 
studies with shortened observation period. At the 
beginning, the administration of probiotic was 
planned for 12 weeks as it was previously reg-
istered in ClinicalTrials.gov before intervention. 
However, we decided to reduce the treatment 
period to 4 weeks, due to high mortality of cancer 
patients qualified for HEN. 

Probiotics can reduce gastrointestinal symp-
toms, such as nausea, bloating, and diarrhea21,24. 
Zhao et al4 showed that a combination of fiber 
and probiotics with EN significantly reduced the 
occurrence of diarrhea associated with EN in 
postoperative patients with gastric cancer. The 
incidence of diarrhea during 7 days treatment 
was 60% in patients of FF group (fiber-free nutri-
tion formula), 30% of FE (fiber-enriched nutrition 
formula), and 5% of FEP (fiber- and probiotic-en-
riched nutrition formula). The similar results were 
obtained by Xie et al22 confirming that diarrhea 
caused by EN occurred less frequently in the gas-
tric cancer patients receiving probiotics compared 
to controls. Importantly, studies have shown that 
probiotics efficacy is strain-specific25. Lönner-
mark et al26 in a double-blind, placebo-controlled 
trial investigated the effect of Lp299v (in a dose 
1010 CFU per day) on the incidence of antibiot-
ic-associated gastrointestinal symptoms. The sig-
nificant reduction of the frequency of loose stools 
(odds ratio (OR), 0.69; 95% confidence interval 
(CI), 0.52-0.92; p=0.012) and nausea (OR 0.51; 
95% CI, 0.30-0.85; p=0.0097) after administra-
tion of Lp299v was noted26. In the current study, 
the frequency of vomiting, flatulence, and stools 

were significantly reduced at week 4 compared to 
baseline in Lp299v group (p=0.0346, p=0.0117, 
p=0.024, respectively). However, the significant 
differences between Lp299v and placebo group 
were not observed. Moreover, the frequency of 
flatulence was reduced week-by-week in Lp299v 
group and the number of stools started to decline 
in week 3 and 4, which was not noted in the pla-
cebo group. It may be associated with the modi-
fication of gut microbiota after administration of 
Lp299v. To sum up, the administration of Lp299v 
potentially may reduce the gastrointestinal symp-
toms in patients receiving HEN. 

According to the European Society for Clinical 
Nutrition and Metabolism (ESPEN) guidelines, 
all cancer patients should be screened regularly 
for the risk of malnutrition27. In the above men-
tioned study by Zhao et al4, the assessment of 
nutritional status in patients with gastric cancer 
(n=120) receiving EN for 7 days was based on 
BMI (FF group 21.41±2.20 kg/m², FE 21.73±2.65, 
FEP 21.83±3.12; p=0.89) and laboratory parame-
ters (the level of albumin – FF 37.71±2.72 g/L, FE 
37.01±2.73, FEP 36.30±3.28, p=0.34; prealbumin 
– FF 192±6.72 mg/L FE 188±8.41, FEP 188±7.43, 
p=0.16; transferrin – FF 1.83±0.27 mg/L, FE 
1.70±0.31, FEP 1.85±0.35, p=0.27; total lympho-
cyte count – FF 1.25±0.42 x 109/L, FE 1.15±0.34, 
FEP 1.13±0.32, p=0.53). The statistically signif-
icant difference between 3 groups in terms of 
these laboratory parameters after 7 days of EN 
was not observed4. Similarly, in Xie et al22 study 
including patients with gastric cancer (n=140) 
receiving EN in combination with probiotics or 
placebo for 8 days, no difference was found be-
tween two groups after the treatment period. In 
the current study, it was confirmed that Lp299v 
significantly increased the level of albumin in 
the blood serum in comparison with the place-
bo group (p=0.032). However, the significant 
increase of the level of total protein was not ob-
served (p>0.05). Similarly, no significant changes 
in TLC were observed. Since, the half-life of 
albumin is around 21 days, it is not accurate as 
a laboratory parameter to determine short term 
alterations. This may be the reason why in the 
current study the changes of this parameter were 
observed on the contrary to the above mentioned 
studies (4 weeks vs. 7 and 8 days). The concen-
tration of albumin – being a negative acute phase 
protein – is decreased not only in malnutrition but 
also in the presence of inflammation28. Therefore, 
the increase in the albumin level after adminis-
tration of Lp299v can suggest improvement in 
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the nutritional status and/or the reduction of in-
flammation. Due to non-significant improvement 
in anthropometric measures, increase in albumin 
concentration during Lp299v can be interpreted 
as anti-inflammatory effect of probiotic admin-
istration. However, other laboratory parameters 
describing the inflammation, such as C-reactive 
protein or pro- and anti-inflammatory cytokines 
were not included in this study, thus the immu-
nomodulatory effect of Lp299v in cancer patients 
needs further studies. The lack of significant 
improvement in BMI, fat mass, muscle mass, 
and TBW after 4 week administration of Lp299v 
were observed. 

GLIM initiative proposed severity grading of 
malnutrition into moderate and severe stages29. 
It has been published in 2019, therefore, data 
regarding clinical complications of those criteria 
and cancer are limited. In 2019, Contreras-Bo-
livar et al30 presented results of observational 
and prospective study, which showed that SGA 
(Subjective Global Assessment) and GLIM cri-
teria (mainly with hand grip strength) are useful 
in diagnosing malnutrition having also similar 
predictive value regarding six-month mortality in 
cancer inpatients. In the current study, 82.85% of 
ITT patients and 80% of FAS were severely mal-
nourished according to the GLIM criteria before 
intervention. Therefore, it was almost impossible 
to improve their nutritional status. 

The improvement of patients’ quality of life 
is one of the most important goals of multi-dis-
ciplinary anti-cancer therapy. The effects of 3 
months HEN on QOL and nutritional status after 
esophagectomy were assessed by Wu et al31. The 
participants were divided into 2 groups: under-
going Ivor Lewis minimally invasive esophagec-
tomy with laparoscopic jejunal feeding tube 
placement (MIE group) and patients after open 
esophagectomy with naso-jejunal feeding tube 
placement (OE group). The results of this study 
indicated that patients who received HEN had a 
lower risk of malnutrition compared to patients 
who did not receive HEN (PG-SGA score, 5.7 vs. 
7.9, p<0.01). The QLQ-30 questionnaire including 
physical, emotional, and cognitive functioning 
was used to evaluate the QOL. The mean scores 
of the global quality of life, physical function, 
role function, and social function were signifi-
cantly higher in the MIE group compared to 
the OE group. It was concluded that after 3 
months of HEN, patients in the MIE group had 
fewer symptoms and superior improvements in 
functioning in comparison to patients of the OE 

group31. Moreover, probiotics have been tested to 
improve cancer patients’ quality of life. In dou-
ble-blind, randomized, and placebo-controlled 
trial it was noted that administration of probiotics 
per 12 weeks improve cancer-related quality of 
life – Functional Assessment of Cancer Therapy 
(FACT) – (baseline vs. 12 weeks: 19.79 ± 4.66 vs. 
21.18 ± 3.67, p=0.04) and fatigue-related FACT 
(baseline vs. 12 weeks: 43.00 (36.50-45.50) vs. 
44.50 (38.50-49.00), p=0.02) in colorectal cancer 
survivors32. Ohigashi et al33 also found that the 
administration of probiotics (containing Bacillus 
natto and Lactobacillus acidophilus) for 3 months 
was effective in the improvement of QOL after 
colorectal resection (n=77). However, none of the 
previous studies tested the efficacy of Lp299v in 
the cancer patient population. It was highly desir-
able since this strain was shown to be efficient in 
the reduction of gastrointestinal symptoms and 
as a consequence the improvement of QOL34,35. 
In the current study, the self-assessment of QOL 
was significantly increased after week 4 com-
pared to baseline (p=0.0077) in patients receiving 
Lp299v; moreover, the significant improvement 
in the psychological domain and social factors 
was also noted (p=0.028; p=0.0414, respectively). 
In the placebo group, the improvement of QOL 
in Q1, Q2, psychological, somatic, and social 
factors were also showed. However, the differ-
ences were not significant compared to baseline. 
Furthermore, statistically significant differences 
between both groups were not observed (p>0.05); 
therefore, it is not certain if the improvement of 
QOL in Lp299v is associated with the adminis-
tration of probiotic or it is the results of EN. This 
study only indicated that Lp299v was not inferior 
to placebo in changing QOL in cancer patients 
receiving HEN. 

The present study has some limitations. The 
most important one is that this trial was conduct-
ed in a single center with a small sample size; 
moreover, the group was non-homogenous. We 
planned to recruit 40 participants as it was pre-
viously declared in ClinicalTrials.gov. However, 
eventually we recruited 35 patients and complet-
ed the current study in ClinicalTrials.gov regard-
ing this number of participants. It is difficult and 
takes a lot of time to include a larger number 
of participants especially with the same type of 
cancer for 4 week treatment period, among oth-
ers due to receive consent agreement and high 
mortality of cancer patients qualified for HEN. 
Therefore, there is a need to create a multi-center 
trial with a larger sample size. A noticeable fact 
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is that the majority of participants from the study 
were patients with advanced incurable cancer on 
palliative treatment. Improvement of nutritional 
status in this group is generally difficult or im-
possible to achieve. The main goal of nutritional 
treatment in this stage of the disease is to posi-
tively influence the quality of life. 

Direction for Future Studies 
This study showed possible directions for fu-

ture investigations. Targeting a specific homoge-
nous group of patients may bring more conclusive 
results. In our opinion individuals with early 
stages of cancer and good nutritional status/mild 
malnutrition may benefit more from probiotic 
intervention. Identification of microbiota changes 
will possibly enable researchers to determine the 
desired intervention method and study group. 

Conclusions 

In summary, in the current study we have 
demonstrated that administration of Lp299v in 
cancer patients receiving HEN may improve lab-
oratory parameters mainly the concentration of 
albumin, however overall it does not have an 
impact on nutritional status. Lp299v may reduce 
the gastrointestinal symptoms related to EN; not-
withstanding, the improvement of QOL may be 
the result of EN rather than the effect of adminis-
tration of Lp299v. 
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