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Abstract: Cancer threatens nutritional status, and many patients will become cachectic with a
negative impact on prognosis. In the TiCaCo pilot trial, we showed a positive effect of calorie
matching Nutrition Therapy on both morbidity and mortality. We attempt to validate these results in
the TiCaCONCO trial. In a prospective, randomized, single-blinded, controlled trial, patients were
treated with either intensive, individual biometric parameter-oriented dietary counseling (nutrition
therapy or NT) for a maximum period of three months, or regular dietary counseling (control or CT),
before and during conventional cancer treatment. Sixty patients were enrolled over a two-year period,
with 30 receiving nutrition therapy and 30 being controls. The primary endpoint was overall survival
(OS). Overall survival at 12 months in all patients was 47% (14/30 patients) in the CT group with
a median OS of 45.5 weeks, and 73% (22/30 patients) in the NT group with a median OS that was
undefined (i.e., cannot be calculated, as >50% of patients in the NT group were still alive at the end of
the study) (p = 0.0378). The survival difference still exists when only male patients are analyzed, but
is not observed in female patients. Biophysical measurements were performed at 0, 3, and 12 months
in all patients. In men, the differences between CT vs NT were statistically significant for body
hydration (p = 0.0400), fat mass (p = 0.0480), total energy expenditure (p = 0.0320), and median overall
survival at 12 months (p = 0.0390). At 3 months (end of the intervention), the differences between
CT vs NT for body hydration were 73 & 3% vs. 75 £ 5%, for fat mass 14 £ 4% vs. 19 &+ 5%, and for
total energy expenditure 2231 + 637 Kcal vs. 2408 £ 369 Kcal. In women, the differences between
CT vs NT were not statistically significant for body hydration (p = 1.898), fat mass (p = 0.9495), total
energy expenditure (p = 0.2875) and median overall survival at 12 months (p = 0.6486). At 3 months
(end of the intervention), the differences between CT vs. NT for body hydration were 74 & 2% vs.
78 + 5%, for fat mass 25 + 7% vs. 29 4+ 19%, and for TEE 1657 4 297 Kcal vs. 1917 + 120 Kcal.
Nutrition Therapy, based on patient-specific biophysical parameters, including the measurement of
metabolism by indirect calorimetry and body composition measurements by BIA, improves overall
survival, at least in men. The mechanism would be increasing extra energy for the body, which is
necessary to fight off cancer.
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1. Introduction

Cancer is a globally spread disease with high prevalence and incidence, often of poor
outcome because it is typically diagnosed at a late stage. One reason for this prognosis is
the presence of malnutrition, both because of an impaired intake (due to anorexia) and
because of malignancy-induced hyper-catabolism. This causes the appearance of a special
form of cachexia, named cancer-associated cachexia, and is (usually) defined as a weight
loss more than or equal to five percent during the six months prior to the time of diagnosis.
Nutritional intervention in these patients had already been shown to decrease morbidity,
to increase progression-free survival, and to increase wellbeing. Our pilot study was the
first to show that nutritional intervention—making use of the ESPEN (European Society
for Clinical Nutrition and Metabolism) directives, bioelectrical impedance analysis (BIA),
and indirect calorimetry—might increase overall survival. We therefore wanted to validate
these preliminary results in a more elaborated RCT (randomized controlled single-blind
trial) to investigate whether nutritional intervention could be considered as a new cancer
treatment modality in its own right, instead of being merely a supportive action [1-6].

In our pilot study, twenty patients were randomized; ten received regular counseling
by dietitians, while the other ten received intensified nutrition therapy based on practical
measurements of caloric needs, rather than theoretical calculations. In the interventional
group, a measurement of biophysical parameters was done (including the Bioelectrical
Impedance Analysis or BIA for body composition), and the patients’ energy expenditure
was measured with indirect calorimetry. Based on these findings, the patients received
nutritional interventions according to the ESPEN guidelines. Supplementary interventions
were made to match the caloric intake to the actual energy expenditure, making use of
enteral and/or parenteral nutrition when indicated. This was done with the method of an
intensive coaching and follow-up to continue this nutrition strategy (with dieticians being
“on call” after normal working hours). Despite the study follow-up lasting for two years,
nutritional intervention only took place during the first three months. The results were
rather baffling: the patients of the intervention group maintained their body weight, they
experienced far fewer unplanned hospitalization days, and they also seemingly lived much
longer [7-13].

2. Materials and Methods

We conducted a prospective, randomized, controlled, single-blinded trial in the Uni-
versity Hospital Brussel (UZ Brussel), Belgium: The Tight Caloric Control in Oncologic
Patients (TiCaCONCO) trial. The study was approved by the Institutional Review Board
of the hospital and performed in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines. Written informed consent was obtained from all patients.
Protocol number: NCT03058107.

This trial targeted the validation of the TiCaCo [10] results. Patients with cancer types
where cachexia is frequently seen were included. Weight loss could also manifest itself
later on, and was not always present at the start of the study (contrary to Fearon’s more
stringent criteria [12]). The patients were randomized using a closed-envelope system.
The recruitment phase lasted 2 years, while the follow-up phase lasted 1 year (after actual
inclusion), but nutritional intervention only took place during active oncological treatment
(3 months for chemotherapy, 6 weeks for radiotherapy). The protocol was amended three
times to allow for a more successful enrolment. A step-by-step explanation and flowchart
can be found in the Protocol (Supplementary Material).

The primary outcome was overall survival at 12 months. The secondary outcomes were
hospitalization, morbidity, weight stabilization, body composition, energy expenditure,
and complete remission. However, due to missing data, not all secondary endpoints could
be assessed properly.

Control Therapy is standard nutritional counseling by dietitians specialized in oncol-
ogy. Energy expenditure was only measured (and not used) in this standard protocol. The
patients were screened at diagnosis and received standard dietary counseling for 1 year
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when assigned to group B. Dietary intervention implied oral, parenteral, and/or enteral
nutrition, depending on the patient’s general status.

Nutrition Therapy is intensive dietary counseling based on practical measurements
of energy expenditure, in contrast to the calculation of theoretic formulas (most often
Harris—Benedict), or lack of any scientific method altogether. The patients were screened
at diagnosis and received Nutrition Therapy when assigned to group A. The actual in-
terventional period remained for 6 weeks to 3 months (the duration of the oncological
intervention), after which normal dietary counseling was provided. Dietary intervention
implied oral, parenteral, and/or enteral nutrition, depending on the patient’s general status,
but with the specific goal of matching caloric intake with resting energy expenditure.

Briefly, the goal was to restore the daily and cumulated energy balance, limiting the
caloric deficit (intake to need deviation) to a maximum of 50%. The caloric value of intake
was calculated by the dietician using the national dietary software program Nubel (asbl).
Whenever the total amount of calories could not match 60% of the caloric need for whatever
reason, a nutritional intervention, according to the ESPEN guidelines, was launched by
the study dietitian. The weekly assessment included caloric need, caloric intake, energy
deficit, presence of a nutritional intervention, type of intervention and artificial feeding,
and proportion of each feeding type within the total amount of caloric intake.

3. Statistical Analysis

The statistical power was calculated using an online tool (ClinCalc) based on overall
survival at 12 months in our previous TiCaCo trial (due to the lack of any literature),
showing a need for only 60 patients (48 + 12 patients, anticipating 20% dropouts, with 95%
power). The statistical analysis was performed using GraphPad Prism 9.

The Kaplan-Meier approach was used for estimating the overall survival. Patients
who were withdrawn or became lost to follow-up were censored at the date of last visit or
at the last date of study medication, whichever occurred later. A Mantel-Cox test was used
for survival analysis.

Continuous data were assessed with an unpaired, two-tailed t-test, using treatment
as an independent variable, to compare the baseline parameters. Numerical variables
were assessed with the Fisher Exact test. Repeated measures were assessed with a mixed
effects model, also using Greenhouse—Geisser correction, as some data were missing (e.g.,
mortality, dropout, or patients not wearing the SenseWear at home).

Finally, simple linear regression analysis was performed (biophysical parameters with
overall survival as variable parameter). Analyses were only performed in men, due to the
previous results. The analysis should be interpreted with caution, as some data are missing.

4. Results
The patients” summarized neoplasia characteristics are provided in Table 1.

Table 1. Neoplastic characteristics per patient group.

CT NT

Non-Small Cell Lung 15 12
Head and Neck 4 8
Oesophageal 4 3
Pancreatic 1 1
Colorectal 3 3
Small Cell Lung 2 1
Unknown Primary 1 2

The patients’ general characteristics at baseline can be found in Table 2.
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Table 2. Patient characteristics at baseline.

CT NT
Age (years) 65.5 £10.1 58.9 £+ 10.6
BMI (kg/mz) 23.69 + 3.65 24.64 +4.34
M/F ratio 20/10 18/12
Hb (g/dL) 132+£59 12.7 £5.6
WBC (cell count x 103 /mm?) 8.6+ 34 80+34
Creatinin (mg/dL) 0.76 + 0.26 0.84 £ 0.26
Albumin (g/L) 38+5 3845

The inclusion and exclusion criteria are shown in Table 3.

Table 3. Inclusion and exclusion criteria.

Inclusion Exclusion

>18 years Concomitant second malignancy

Male and female Uncertainty of diagnosis

Colorectal, lung, esophageal, gastric, pancreatic
or head and neck cancer before chemo- or
radiotherapy is started (naive to treatment), but ~ Patient unfit for chemotherapy, radiotherapy,
surgery may already have been performed OR or surgery
relapse >3 months after initial
oncologic therapy

Oncologic cachexia (undesired weight loss >5%
in less than 6 months), before or
during treatment
Written informed consent/ability to give

Palliative treatment or terminal patient (life
expectancy <3 months)

Patient already participating in another study

informed consent
Pregnancy/lactation

Any other pathology present that causes the
patient to be unfit for oncologic therapy (e.g.,
end-stage renal failure, severe chronic
obstructive pulmonary disease, severe heart
failure)

Unable to adhere to protocol instructions (e.g.,
language barrier)
Investigator’s uncertainty about the
willingness or ability of the patient to comply
with the protocol requirements
Participation in any other studies involving
investigational or marketed products
concomitantly or within two weeks prior to
entry into the study

The median overall survival (OS) in the CT population was 45.5 weeks. The Kaplan—
Meier OS estimates were 14/30 (47%) patients at 12 months. The median OS in the
NT population was undefined (i.e., cannot be calculated, as >50% of patients in the NT
group were still alive at the end of the study). The Kaplan-Meier OS estimates were
22/30 (73%) patients at 12 months (Figure 1). The difference in overall survival was
statistically significant (p = 0.0378). In all deceased patients, mortality was directly or
indirectly related to oncological status.
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Figure 1. Kaplan—-Meier curves showing patient survival over 12 months, for both the CT (red) and
NT (blue) group, calculated with the Mantel-Cox test (GraphPad Prism 9).

Figure 2A1,B1,C1,D1: In men, the differences between CT vs. NT were statistically
significant for body hydration (p = 0.0400), fat mass (p = 0.0480), total energy expendi-
ture (p = 0.0320), and median overall survival at 12 months (p = 0.0390). At 3 months
(end of the intervention), the differences between CT vs. NT for body hydration were
73 £ 3% vs. 75 £ 5%, for fat mass 14 £ 4% vs. 19 £ 5%, and for TEE 2231 + 637 Kcal
vs. 2408 =+ 369 Kcal. Figure 2A2,B2,C2,D2: In women, the differences between CT vs. NT
were not statistically significant for body hydration (p = 1.898), fat mass (p = 0.9495), total
energy expenditure (p = 0.2875), and median overall survival at 12 months (p = 0.6486). At
3 months (end of the intervention), the differences between CT vs. NT for body hydration
were 74 + 2% vs. 78 + 5%, for fat mass 25 &+ 7% vs. 29 4 19%, and for TEE 1657 =+ 297 Kcal
vs. 1917 + 120 Kcal. Biophysical measurements were performed at 0, 3, and 12 months in
all patients.
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Figure 2. Biophysical measurements were performed at 0, 3, and 12 months in all patients: control
(CT, red) and interventional (NT, blue) group. Men: (A1) hydration, (B1) fat mass, (C1) total energy
expenditure, and (D1) overall survival. Women: (A2) hydration, (B2) fat mass, (C2) total energy
expenditure, and (D2) overall survival.
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Figure 3 shows simple linear regression analysis in men for body hydration (A), fat
mass (B), and total energy expenditure (C). The variable parameter is overall survival.
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Figure 3. Simple linear regression analysis in men for body hydration (A), fat mass (B), and total
energy expenditure (C). The variable parameter is overall survival.

5. Discussion

This study shows that Nutrition Therapy appears to be capable of improving overall
survival (OS) in cancer altogether, although this is only observed in male patients. Our
original pilot TiCaCo trial had already suggested an advantage concerning mortality overall,
but a mechanism to explain the observed features had not been investigated. As such,
the clinical results in this small trial could be considered reliable. Our use of biophysical
measurements, rather than biochemical calculations, might be the reason why we succeeded
where others had failed before.

When applying Nutrition Therapy, we notice an increase in both hydration and fat
mass, both of which are well known to equally increase the energetic capacity of the
human body. Along with an elevated TEE, these features would allow the human body to
save more energy to fight off cancer, although we could not investigate how exactly this
energy would be used. It should be noted that studies on indirect calorimetry in cancer are
relatively rare, leading to guidelines based on consensus [14].

Altogether, a new pathway is proposed, with the technique making use of both
physical chemistry and chemical physics. Strikingly, these results were only observed in
male patients, where the regression analysis confirmed the improved hydration. This could
very well indicate that body hydration is a more important therapeutic target than any
other nutrient is. In contrast, none of these results can be observed in women, although
there are too few female patients to draw definite conclusions. The BIA’s role in cancer has
been relatively well documented, but the results on different parameters may indeed be
contradictory [15-20].

An important drawback would be the small sample size, which does not allow the
performance of any far-driven statistics. Moreover, statistical power was only calculated for
overall survival between the two groups, and not for men and women apart, nor for any
other parameter. The statistical power calculation is also entirely based on our previous
pilot study, as there was no other literature to be found. There is also some heterogeneity,
since multiple cancers were examined together, being a direct consequence of multiple
protocol amendments, and given the small difference in age between the two groups.
Simple linear regression analyses were only performed in men, but the analysis should be
interpreted with caution, as some data are missing. As such, this trial cannot fully confirm
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the results of our previous trial, but the results do remain the same. Therefore, despite the
lack of statistical soundness seen in much larger trials, this study does provide high hopes
for patients with advanced-stage cancer.

In conclusion, cancer-related cachexia could be effectively counteracted by a patient-
tailored, measurement-based nutritional approach, under the supervision of a dedicated
multidisciplinary nutrition team, and making use of advanced biophysical parameters
(especially body hydration). At least in our trial, this resulted in an improved one-year OS.
The presence of a likely pathway adds strength to the clinical results. Major advantages
are the fairly low cost, especially when compared to biochemical cancer treatments, accom-
panied by a relatively short learning curve. Together, the results can easily and readily be
implemented in international nutritional guidelines.
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