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Abstract

Objective

Preventing loss of muscle mass and function isnaaigng challenge in malnourished patients with
incurable cancer. The benefit of supplemental hparenteral nutrition has not been firmly establish@ur
aim was to evaluate the effects of supplementalehpanenteral nutrition, the primary endpoint beaig

free mass (FFM) and secondary: muscle functionljtgu life and overall survival.

Design and methods

In a single centre open-label randomised contrdtiat] patients with incurable gastrointestinahcar,
nutritionally at risk, were randomly assigned tther; a) best practice nutritional care and dieteti
counselling (non-sHPN) or b) dietetic counsellimgl supplemental home parenteral nutrition (SHPNijgyo
Treatment duration was 24 weeks with visits everyweeks for five scheduled visits.

Main outcome was gain in bioelectrical impedancayases (BIA) estimated FFM. Secondary outcomes
were muscle strength, quality of life and survival,

Results

Eligible for inclusion were 234 patients, 47 ofsheaccepted enrolment; 25 were randomized to n&NsH
and 22 to sHPN according to performance statusaadeliagnoses. Median age was 66.9 (41.5-88.2), BM
21.3 (14.8-35.7) and (91%) were receiving pallaihemotherapy. Median FFM and fat free mass index

increased in the sHPN group. At 12 weeks a sigmiticlifference (p<0.01) was found between the gpup
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in the sHPN group 69% of the patients (versus 4@%gased their FFM. Handgrip strength increased in
both groups but without significance between the. tQuality of life at 12 weeks was significantlyttiee
(p<0.05) in the sHPN group. No difference was restin survival, median 169 (Cl 88-295) days verst

(C1 80-268) days. Study completion was accomplidhed6%; 60% died before end of study.

Conclusions
Providing supplemental home parenteral nutritiory mi@event loss of FFM, and it is even possible to
increase FFM in patients with incurable gastroitimescancer. Supplementation with parenteral tiatri

might have a temporarily positive impact on quatityife.

I ntroduction

Muscle depletion and weightloss are correlated @ithorse outcome in cancer patients [1, 2]. Malished
patients with cancer have a lower response ratanad shorter duration of -chemotherapy, [3] higla¢es of
hospital admissions and prolonged hospital staysSSipplementation with home parenteral nutritibiP )
in aphagic patients with advanced cancer has slmmproved quality of life [5, 6] and energy balance
stabilised body composition, and prolonged sun{ivaB]. Malnutrition and weight loss are cardinal
symptoms of cancer cachexia. Cachexia is a conmpéabolic syndrome associated with underlying dfne
and defined by weight loss of at least 5%, losswo$cle mass and loss of appetite [9]. Patientesoff
from cachexia are in a catabolic state due to neéitabhanges including alterations in carbohydrbpéd,
and protein metabolism, leading to loss of fat amcle mass [10, 11]. Cachexia correlates with poor
performance status, poor quality of life, and énmgprtality rate in advanced cancer patients [C2chexia
as a continuum, can be classified into three ghasecachexia, cachexia and refractory cachesi The
best approach to the treatment of cancer cach&xiebably early multimodal intervention with ntiom,
exercise, rehabilitation programs, and multi-tadyelg therapies [14]. Loss of muscle mass accelenaith
age [15] this decline is augmented in undernoudgiaients, and especially if there is an insugfiti
protein supply. Sarcopenia, decrease in muscle arabsfunction, is a prominent symptom of the ca@nex

syndrome and the loss of muscle mass occurs particdue to impaired food intake, malabsorption of
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nutrients, and lack of physical activity. Exercisgps to maintain muscle mass and strength, bbigjig
does not affect the biological process, which wtiely leads to sarcopenia [16].

Although, it has been suggested that cancer patieay benefit from an improved nutritional staesy f
clinical prospective studies have addressed thisd-in particular whether parenteral nutrition adalsie in
preventing loss of muscle mass. Our aim was tasetalwhether supplemental HPN given to patients wit

incurable cancer would benefit the patient by pnéwng the functional decline accompanying cachexia.

Patientsand methods

Study design

This prospective clinical trial was designed asgle centre, open label randomised trial compaliest
practice nutritional care and dietetic counselliNgn-sHPN group) to supplemental home parenteral
nutrition (SHPN group) and dietetic counsellingti®ats with incurable gastrointestinal (Gl) canaere

included from May 2014 until November 2016 at Odebsiversity Hospital Denmark.

Ethics

Ethical approval was obtained from the local Ett@csnmittee (S-20120094). Written informed conseasg w
given by all participants. Permission for handlargl storage of the data was obtained from the Ddpéga
Protection Agency (14/6784). The study was regestert Clinical Trials.gov (NCT02066363). Permission
for handling and storage of data from patientsmadtided was obtained from the Danish Data Praiacti
Agency (16/24969). The clinical trial complied witie Helsinki Declaration from 2008, the principtds

Good Clinical Practice (GCP) guidelines and thedfaldData Protection Act.

Patients

Patients attending the outpatient clinic of Oncgléay evaluation or chemotherapy were screenechand
their nutritional status assessed. Patients wegymaphed by the primary investigator or a projercsa
during chemotherapynclusion criteriawere histologically confirmed incurable gastroitites cancer

(locally advanced or metastatic), age > 18 yeadppmance status (PS) 0-2 [17], nutritionallyigkr
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according to NRS 2002 scor@. [18]. Chemotherapy was not an exclusion coterfexclusion criteria
were functional or actual short bowel syndromeidpé were seen by a dietician and the primary

investigator every six weeks, for five schedulesitsi Treatment duration was 24 weeks.

Randomization

Patients were randomized according to performatatass diagnosis, and age to either; (a) bestipeact
nutritional care and dietetic counselling (non-sHiNup) or (bpest practice nutritional care, dietetic
counselling and sHPN (sHPN group). Because ofdhgofe size and the total number of strata decided
upon, a minimization procedure was planned. Patieete enrolled in the study and allocated to dne/o
treatment groups using the restricted randomisatiethod minimization [19, 20]. Using the minimizati
method with a random component the patient fadrdiagnosis (oesophagus, gastric, duodenal,
pancreatic, bile ducts or colorectal cancer), &g® (0r>70) and PS (0, 1 or 2) were balanced to make the
treatment groups similar. The web-based open squogram MinimPy [21] was used for the minimization
process by a specialist nurse who was not otheivwgdved in the project.

In both intervention groups, nutrition impact syops were addressed by diet modification
recommendations and patients were encouragededhakmedications prescribed at department of
oncology, particularly pancreatic enzyme replacdmamlgesics, and laxatives. All medications,ldaig

glucocorticoids were handled entirely by staffreg tepartment of oncology.

Intervention (a) best practice nutritional care adigtetic counselling (non-sHPN group)

Patients randomized to the non-sHPN group recedigdtic counselling at every visit in the studg #im
was to ensure an intake of at least 75% of thenastid energy and protein requirements. To assess th
individual nutritional intake the structured intew “24 hour recall” was used to obtain informatiimout
the macronutrient and fluid consumption, includingntities and preparation methods during the previ
day. Advice was offered to address eating diffiegland to stimulate nutritional intake. Nutritibna
requirements were estimated using the Harris Beheduation. There were no restrictions on nutsiamd

the patients were offered various methods to hedgamme the eating difficulties. Supplemental oral



133 nutrition formulas were recommended on patient esguand/or when protein and calorie requiremeetgw
134  unmet by ordinary food. If the estimated need dfiant intake (75%) was not attained patients vedfered
135 a feeding tube.

136

137  Intervention (b) best practice nutritional caregetitic counselling and sHPN (sHPN group)

138  Patients randomized to the SHPN group also recealigtdtic counselling and a 24 hour recall was

139  performed at each visit. Furthermore, patienthésHPN group were admitted to the department of
140 Medical Gastroenterology at Odense University Hagpior information and training in catheter anBM
141 handling. An ultrasound guided tunnelled centralotes access (tCVC) was placed by a radiologisgssnl
142  the patient already had a suitable central venatleter, i.e. a totally implantable venous accestcéd (Port
143  a Cath) or a peripherally inserted central cath@#ZC). Two dedicated specialist nurses informed,

144  educated, and trained the patients at the hosphal PN used was all-in-one industrially prepatedé

145  chamber bags (Olimel N9E, Baxter International ©oafpion) containing 56.9 g protein, 1070 kcal/ 4437
146  energy and 40g fat per thousand ml. Nutritionakisegas estimated to be: energy 125 kJ/kg, protéin 1
147  gl/kg/day and fluid 35 ml/kg/day. Patients receifadd at 25-35% percent of the daily nutritional nebd,
148  dose being adjusted for practicality of administrat The patients were prescribed sHPN two to tays
149  per week and preferably, the PN was administeredgithe night-time, to avoid interference with e
150 activities. The PN was delivered to and prepardtieapatients’ home. The sHPN was administeredhéy t
151  patient, a relative, or by the community nurse delpgy on patient preference, and in all cases pextéy
152  careful training of all procedures.

153  Number of non-administrative admissions and cathretated infections were registered.

154

155  Definitions

156  To address hypercatabolism and reflect changedlammation modified Glasgow Prognostic Score

157 (mGPS) was used. Weightloss and sarcopenia wasiwedith mGPS, in an attempt to express refractory
158  cachexia.

159  All outcomes were measured at every completed visit
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Primary Outcome

Fat free mass (FFM) was estimated using bioelettiicpedance analyses (BIA; Maltron Bioscan 920).
FFM was normalized for height in fjrand reported as fat free mass index (FFMI). Gfstfor BIA

measured sarcopenia was FFMI <14.6 Kgin men and <11.4 kg/nior women. To reduce inaccuracy due
to water imbalance, patients were encouraged taingfrom eating, drinking and exercising eight rsou

before the measurement.

Secondary outcomes

Handgrip strengttwas used to assess muscle function, and measitted hand dynamometer; three
measurements were made with the patient seatewly éiexed at 90°, and the highest score was ndtee.
dominant side of the body was used for measuremampt in patients with amputations, prostheticarnyr
other cause leading to declined function or sevedema. Cut off for sarcopenia, was <20kg for woarsh
<30kg for men [22].

Six minutes walking test (6BMWT; assess muscle performance the 6MWT was apflhelvalidated test
6MWT was measured on a marked 30 meter walkingualtst [23]. A change in walking distance of 14.0- to
30.5 meters was considered clinically relevant.[24]

Skinfold A three point skinfold measurement was performmgidg a Harpender skinfold Caliper at three
predefined sites; subscapular, triceps, and theadiage crest [25], and the FFM estimated usingthiree-

site skinfold formula [26, 27].

Quality of lifewas estimated with the validated questionnaire EORLQ-C15-PAL [28] and presented to
the patient at every visit. The EORTC QLQ-C15-PAintains one overall QoL and 14 questions reflecting
physical and emotional functioning. The overall Quas analysed, scaled from 1: very poor to 7: éewcel
overall QoL, each score being converted to a s@orging from 0 -100.

Overall survival vas defined as the time from the date of inclusiothé study until the date of death from
any cause or the last date known to be alive. Ratadive at the time of the analysis were consder

censored.
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188  Statistical Analysis

189  Baseline comparisons between the two groups wede msing Wilcoxon Rank Sum (Mann Whitney U test)
190 for continued variables and Fishers exact tesbfdinal scale data as appropriate. To evaluatadpested
191 changes in group mean and the general variahilipuicomes we used a linear mixed model to acdount
192  the equality of repeated measures on the samadodivbeing more equivalent than responses from

193  different individuals. “Patient” included as thenxdmm effect and “visit” as the fixed effect incladi

194  covariance for sex and age and the baseline vélilne @utcome [29]. Post estimation tests were aoteti
195 to examine the model, with estimates of the randtiects and residual diagnostics. Normal distrinuinf
196  the residuals is required and was thus testedrédaficepting the mixed model.

197  Univariate and multivariate logistic regression aaplied to test for predictors of gain in FFM umting

198 variable for baseline BMI, age, mGPS and sex.

199  Overall survival was evaluated using Kaplan-Meigt &ox regression, respecting the assumption of
200  proportional hazards. In the Cox proportional hdgaegression covariates for, baseline handgrgmgth,
201 mGPS and BMI, age and sex were included. P-vali€8.05 in the two sided analysis were accepted as
202  statistically significant. All analyses were perf@d according to intention to treat and were cdroiat

203  using Stata (Versionl5. Statistical software, Qulstation, Texas: StataCorp LLC).

204  The statistical considerations of changes in FFMevbased on earlier studies [30, 31] in patienth wi

205 advanced cancer. Including 40 patients in eachorargition group and from base-line to end of trial

206  assuming a change in FFM of four kilograms in tH®N group and two kilogram in the non-sHPN group,
207  assuming a standard deviation of three kilogrard,aatype | error of 0.05 (two-sided) would provale

208  power of 85% to yield a true difference betweengtmips. To compensate for drop-out we intended to
209 include 100 patients.

210

211  Results

212 Patient recruitment
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A total of 557 patients with incurable gastroinitegit cancer were consecutively approached and sedee
for inclusion. 323 patients were excluded at sdregmwhile 187 patients refused participation ia RCT
(Fig. 1). Forty-seven patients were included inghaly, the majority were male (64%) with heteraggnin
diagnosis, pancreatic cancer being most frequétib)but equally distributed among the groups. Media
age at study inclusion was 67 yrs. Ninety one penaxeived chemotherapy at inclusion, the two gsou
being comparable. For more details SE&ble ). Sarcopenia was observed in 38% when defineduscla

function and in 6% when defined by muscle mass.

Nutritional parametersat baseline there was no difference in BMI or nigtnal intake(Table 2).BMI
increased during the study, at visit 3 a signifiaifference Cl 0.4- 2.9, p<0.0bbetween the groups was
found, with a higher BMI in the sHPN groupable 3.

Energy and protein intake increased in both gramgemparison to baseline (table 4). The sHPN gudidp
not receive significantly more energy, but the piprovision was significantly higher at visit2and 5
(C10.38-0.47 p<0.05). Fluid intake increased drelsHPN group received significantly more fluid/isit
2-4 (C1 9.2-12.9 p<0.0h(Table § The number of patients receiving the estimatgdired energy was
stable, whereas the number of patients receiviagequired protein was higher in the sHPN-group e
difference was not significant.

Median provision of supplemental parenteral natnitivas: energy 34kJ/kg/day, protein 0.44 g/kg #ud f
7.7 ml/kg pr. day

Three patients in the non-sHPN group accepteddirfgeube to ensure the nutrient intake, but eating
difficulties in these patients were more over duedncer progression and the feeding tube wasusag for

a short while (<2 weeks) before the patients weiated to be terminal.

Re-admissions and catheter related infectidviean admission time for the sHPN patients was ttegs
for initiation of treatment with parenteral nutoiti. The non-sHPN group was not admitted to the itaddpr

initiation of the nutritional therapy.



239  In both treatment groups twenty one percent hacerit@n three re-admissions; the most common reason
240  was infection (21%) the majority not related to teatral venous access. Two patients were adntitdte
241  hospital with catheter related infection during ¢hedy, though there were no episodes of sevehetest

242  related bloodstream infection. Forty seven pereame admitted and died in hospital or at hospice.

243

244 Primary outcome

245  The FFM variation differed between the two groups, difference being significant at visit 3 (p<0.Q&ig.
246  2). Mean FFM and FFMI evaluated by BIA in the norP3Hgroupdecreasediuring the study time as

247  opposed to the mean FFM and FFMI in the sHPN grelgre the valuemicreasedrom baseline to visit 5.
248 At twelve weeks (visit 3) 40 % in the non-sHPN graersus (69%) in the sHPN group had increased FFM.
249  Changes in FFM and FFMI were compared using treatimixed model and the difference in FFM (6.44kg)
250 and FFMI (2.03kg/f) were significant§<0.01) after 12 weeksTable 5. The variation observed was not
251  caused by individual differences but by variati@tveen the groups. Neither baseline BMI, age, m@#S
252 sex predicted FFM gain when tested in the logrgtgression.

253

254  Secondary outcomes

255  Handgrip strengtlimproved from baseline to last visit in both treant groups. In the mixed model

256  handgrip did not change significantly at any tineenpand there was no significant difference betwie

257  two groups. Patients performed better in 6MWT dirae, but the variation found was mainly due to

258 individual variation. In the mixed model the chasigeere insignificant between the groups. The FFi an
259  FFMI estimate measured by skinfaldcreasedn the non-sHPN group and arcreasewas observed in the
260  sHPN group. Differences were significant at vis{p80.05 and 5 p<0.05 (Table 3.

261

262 Quality of life

263 All patients accepted completion of the questioraind all managed to answer the questions without

264  assistance. At twelve weeks (visit 3) 9% in the-abif*N group versus 57% in the sHPN group expressed

10
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291

increase in overall QoLT@ble §. A significant difference (p<0.05) in mean ové@bL was found after 12
weeks, at visit 3 (+16.0) in favour of the sHPNwgrdTable 5.

Besides significant differences in overall QoL rdiigant improvements in QoL parameters were foimd
the answers on nausea, depression and constipatioisit 3 and 4 patients in the sHPN group claine
feel less nausea (p=0.03). As well they felt sigaift less depressed, at visit 3 (p =0.03). Theesfuy
constipation was significantly higher in patiergseiving sHPN at visit 5 (p<0.01). We found no gigant
differences in the remaining QoL parameters, esfigaio differences were found for “troubles slewi

“physical impairment” or “dependency”.

Overall Survival

Median overall survival was 169 (Cl 88-295) dayshie non-sHPN group versus 168 (Cl 80-268) days in
the sHPN group. At six months 44% of patients enrbn-sHPN group and 50% in the sHPN group were
still alive. Twenty percent were still alive at oyear in the non-sHPN group and 14% in the sHPNmro
(Fig. 3). We found no significant difference in oak survival between the two groups. In the uniate cox
regression analyses, baseline handgrip strengt®Sredd BMI were predictive for survival. None of th

variables were significant predictors of survivddem included in the multivariate model with age aex.

Drop outs during the study
Completion of all five visits in the study was angaished by 17 (36%) patients. Main reason for non-

completion was death before end of study (60%)patents were lost to follow up.

Discussion

In this randomized controlled trial we investigathd effect of SHPN in patients with incurable @hcer.
FFM and overall QoL improved in patients receivatdPN compared to the patients not receiving the
supplement. Improved physical function was docueirt both groups using handgrip and 6MWT, but
without difference between the groups. Overall sawas comparable in the two groups.. Although

dietetic counselling aimed to ensure a sufficiatake of nutrients and fluids, not all patientschesd the

11
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310

311

312

313

314

315

316

317

318

goal for protein. Unfortunately, we were unabléndude the estimated number of patients. Howeber,
intervention appeared to prevent the acceleratidarther weight loss and muscle waste. FFM incedds
numerous patients; 40-67% in the non-sHPN groupdani9% in the sHPN group, at different time paints
The rise in FFM appeared earlier in the sHPN gttbap in the non sHPN group. There was a significant
although temporary, difference in FFM after 12 weethich may imply a positive effect of the sHPN.
Most studies on sHPN in cancer patients have repam FFM, function, survival, or QoL. Our aim was
study the effect of nutritional therapy on both FBRU function while ensuring the nutritional compots.
Even though we found an improvement in FFM andjaiicant higher protein provision in the sHPN gpou
the enhanced physical function was not signifiganidjher in this group. Significant increase in tigip
strength may have been undetectable due to thietimample size. The results of the 6MWT were
unreliable, affected by non-ignorable missing vajuieked to the outcome and the variance found was
attributable to individual differences rather thardifference between the groups.

A retrospective study from 2015 [32] including 38&increatic cancer patients receiving oncologidrnneat
demonstrated benefit on survival of systematicinomal interventions despite an evidence of tumour
progression. In our study we found no differencstrvival between the study groups. The study by
Lundholm et al [7] tested a supplemental PN in Welgsing patients with cancer undergoing multimoda
palliation including COX inhibitors, erythropoietiand insulin. In that study on 309 patients wgikid
tumours (primarily gastrointestinal cancer), withexpected survival of at least six months, padient
randomized to receive sHPN improved in energy lwadamcreased their body fat, had greater maximum
exercise capacity and prolonged survival. In oudgthe variance found in ingested nutrients wasamily
between individuals which could reflect the smalingle size. Improvement of QoL and nutritionalstan
patients with cancer receiving sHPN was demonsgtiata longitudinal study by Vashi et al [6], in ivh
improvement of overall QoL was found after twelveeks. A longitudinal observational study [33] on
patients with incurable cancer receiving HPN duelistructive disease in the intestine, reportedron
improvement in overall QoL during the four monthsdy. This corresponds well with our findings, with
significant improved overall QoL after 12 weekghe sHPN group. Hereafter, the increase stabibsed

did not differ significantly between the groups.€Tllieight loss in patients with cancer is a majarcenn to

12
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patients and their relatives and HPN can proviéentlitritional requirement and lift the burden frtre
carers [34]Orreval et al [35] reported a positive impact ornL@o patients with cancer receiving HPN,
mainly related to increased functional capacity sd worries about potential weightloss or eating
disabilities.

The present study is the first, to our knowledggng linear mixed models to study the longitudieifcts
of sHPN on FFM in patients with incurable canceme®f the advantages with the mixed model is the
ability to study the effect over time in a grougtwiestricted overall survival, where the intervent
possibly might have a time limited palliative effeand no improvement of overall survival.

Great variability exists for the different BIA edigmns, which is often evaluated on healthy people @ot

on cancer patients. When used in a longitudinalystunder standard conditions, we accepted thedtioits
and the interpersonal changes as tolerable. Thefaztared equation in the Maltron BIA scanner wak n
available and may be a source of uncertainty gikiercalculated FFM. Consequently, FFM was estimated
using the equation by Schols et al [36], which vexently tested superior in a cohort of patients wi
colorectal cancer. Schols equation having the Isighgreement with DXA measured FFM [37]. Three
patients in the study had BMI less than 16 andhateBMI > 35 and 21% had slight oedema at baseline
which may have influenced the BIA measured FFM.

Weight loss was prominent in our study; whereas &fined sarcopenia was infrequent, implicating tha
the cachexia was a result of weight rather thas ddsnuscle mass. At baseline three (6%) patierifiidd
the criteria of sarcopenia defined by muscle masd,18 (38%) defined by function. In a previouslgtin
advanced pancreatic cancer patients receiving ctihemapy BMI did not have any impact on survival
whereas sarcopenia at diagnosis and loss of mosde during chemotherapy were independently
associated with survival [38]. A recent study om@&tastatic colorectal cancer patients showedfgignt
loss of muscle mass during chemotherapy and afisigmi worse overall survival if the weight losssva
more than nine percent [39]. In our study, the Béthained stable or increased from baseline thrauighe
study, and we found no association between maortatid FFM. Some patients may have had refractory
cachexia at baseline, which may have made it imiples® achieve any improvement in FFM or physical

function. Well aware that many patients were catibiet time of inclusion, we intended not to redelthe
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inflammatory response with medical intervention oiely with nutrients. However, numerous patients
were treated with glucocorticoid, which may hammpeiscle generation [40].

One of the major limitations in our study was thaltenge of inclusion, with a large group of patsemot
wanting to participate. The large number of refsistdr different reasons, was unexpected and ikeresa
the external validity. In previous studies it hasven difficult to persuade palliative care patsetat
participate in randomized trials, if any risk asieffects, if the study involves complex intervems or if
the patient does not get support to participatefiloeir relatives [41, 42]. Consequently it cardiféicult to
predict if our study population is representatidewever, bearing in mind that the patients offered
participation were not severely hypophagic, incthddnen nutritionally at risk, NRS2, it was interesting
that 34% did not want to participate; some not \wean& central venous access and some were natdeeli
nutritional challenged. Secondly, the populatiardsd was remarkably fragile and before the enstudy
more than half of the patients were dead. Compiaifaall five visits in the study was only accongpied by
17 (36%) patients. In our power calculation wereated 80% to be able to complete the study, breatity
only 36% accomplished the study visits, and cauthust be taken when interpreting the results.

In the study we decided to provide dietician adénd HPN as a supplement to the oral intake, opting
realise the estimated nutritional goals. The redspohoosing HPN as the choice of therapy at aineea
stage than usually recommended was carefully cerasild Since most patients were receiving
chemotherapy, side effects with gastrointestingtity were expected. The gastrointestinal toxieugs
expected to have major impact on the gastroint@stiact and could worsen the intake, nausea and
dysphagia. Furthermore, all patients were livingane, few still working, and a nasal tube woulgréfore
be impractical an un-attractive during length @& gtudy.

Our results are interesting, but should be consitléar hypothesis generating; to further exploeegtgnals
observed in this study future studies should fanughe prevention of the decline in muscle mass and
function. A combination of nutritional interventipphysical training and modulation of inflammatismould
probably be applied. Furthermore, it should be whaned if a randomized nutritional study is feasilol
patients with limited survival, were the patiergsnuited may be a very selected group not reprateatof

the general population.
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From the results we suggest that improved FFM dfdIfnay be obtained in patients with incurable Gl
cancer, that sHPN is feasible although it may motdguested by many patients. Notwithstanding the
relatively limited sample, it seems possible tad@ase nutritional intake, BMI, FFM and perhaps nisc

function although not all findings turned out todignificant.

Conclusion

Findings from this study suggest that sHPN temfpoteve a preventive effect on loss of FFM in pati$e
with incurable gastrointestinal cancer. sHPN mayehapositive effect on overall QoL and it may be
considered if SHPN should be offered in carefudliested patients with incurable cancer. We found no
increased risk of adverse events or death whenmgfsHPN but on the other hand a significant athg
in function or overall survival was not identifiddowever, with a small sample size, caution must be

applied, as the findings might not be solid.
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Figure 1 Consort Flow Diagram

Figure 2Predictive Margins of fat free mass (FFM) estirdaising BIA. Significant difference is present at

visit 3 (after 12 weeks) when tested using the ohixedel.

Figure 30verall survival in patients treated with suppletaey HPN (sHPN) and in patients not receiving

HPN (non-sHPN).

Table 1Baseline characteristics of the 47 patients witluiable cancer participating.

Table 2Baseline nutritional characteristics.

Table 3Exact values in median (range) for outcome vagsbl

Table 4Nutritional intake of non-protein calories, proteind fluids, median (range) from baseline to \&sit

Table 5Mean difference in outconteetweersHPN and non-sHPNrom baseline to visit five. Differences

accounting for the baseline value when tested usi@dinear mixed model.

Table 6Exact values in mean (xsd) for the overall QolLredn EORTC QLQ-C15-PAL.

Supplementary

Figure 4Mean changes (sd) for fat free mass (FFM) from lb@eséo visit 5 in the Non-sHPN group and the
sHPN group.
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Total Non-sHPN group sHPN group

Median (Range) Median (Range) Median (Range)

N (%) N (%) N (%)
All patients 47 25 22
Sex 17 (36) 10 (40) 7(32)
N = women
Age 66.9 65.9 67.4

(41.5-88.2) (43.3-88.2) (41.5-81.6)

Perfor mance Status
0 6 (13) 5 (20) 1(5)
1 25 (53) 13 (52) 12 (54)
2 16 (34) 7(28) 9(41)
Tumour site
Oesophagus 2(4) 1(4) 1(5
Stomach 9(19) 4 (16) 5(22)
Duodenum 2(4) 1(4 1(9)
Pancreas 27 (58) 14 (56) 13 (59)
Bile duct 2(4) 1(4) 1(5)
Colorectal 5(11) 416) 1(5)
Palliative chemother apy at inclusion 43 (91) 23(92) 20 (91)
Smoking
Current 13 (28) 9 (36) 4(18)
Former 22 (47) 11 (44) 11 (50)
Never 12 (25) 5 (20) 7(32)
Alcohol
<7 40 (85) 19 (76) 21(95)
7-14 7 (15) 6 (24) 1(5)
Study completion
Visit 1 (Baseline) 47 25 (100) 22 (100)
Visit 2 (6 weeks) 36 20 (80) 16 (73)

Visit 3 (12 weeks) 25 11 (44) 14 (64)




Visit 4 (18 weeks) 22 10 (40) 12 (55)
Visit 5 ( 24 weeks) 17 9 (36) 8 (36)

Reasons for not completing study

Death 28 (60) 15 (60) 13 (59)
Complications 1(2) 14
Non-compliance 1(2 14

Table 1: Baseline characteristics of the participating 47 patients with incurable cancer.



Total Non-sHPN group sHPN group
Median (Range) Median (Range) Median (Range)
N (%) N (%) N (%)
All patients 47 25 22
BMI 21.3(14.8-35.7)  21.3(15.9-29.6)  21.6(14.8-35.7)

15-18.5 (underweight)
18.5-24.9 (normal weight)

25.0-35.0 (overweight)

24 hoursrecall 75% of established needs

Energy
Protein

Fluids

Weightloss prior toinclusion

<5%

5-10%

>10%

Sar copenia*

BIA

Handgrip

mGPS (0-2)

0

1

2

Glucocorticoid treatment
Central Venous Access
tCVC

Port A Cath

Picc-Line

HPN Administration
Home care nurse

Patient

8(17)
33 (70)

6(13)

43 (93)
22 (48)

32 (70)

8(17)
10 (22)

29 (61)

3(6)

18(38)

17 (36)
15 (32)
15 (32)

19 (40)

15 (72)
3(14)

3(14)

10 (48)

7(33)

5 (20)
17 (68)

3(12)

23(92)
12 (48)

16 (64)

7(28)
4(16)

14 (56)

1(4)

9(36)

8(32)
8(32)
9 (36)

12 (48)

3(14)
16 (72)

3(14)

20 (95)
10 (48)

16 (76)

1(9
6(27)

15 (68)

2(9)

9 (41)

9 (41)
7(32)
6 (27)

7(32)

15 (72)
3(14)

3(14)

10 (48)

7(33)




Relative 4(19)

Continued HPN after study completion 7(33)

4 (19)

7(33)

*mGPS=Modified Glasgow Prognostic Score
(0=albumin>35,crp<10, 1=CRP>10, albumin>35, 2= CRP>10, Alb<35)

**Sarcopenia= (loss of muscle mass and function)

* kK

Table 2 Baseline nutritional characteristics.



Patients

Evaluated

Non-sHPN

M edian (Range)

sHPN

Median (Range)

BMI (kg/h%)
Baseline
Visit 2

Visit 3

Visit4

Visit 5

FFM (BIA) (ko)
Baseline
Visit 2

Visit 3

Visit4

Visit 5

FFMI (BIA) (kg/h?)
Baseline
Visit 2

Visit 3

Visit4

Visit 5
Handgrip (kg)
Baseline
Visit 2

Visit 3

Visit4

Visit 5

6MWT (meters)
Baseline

Visit 2

46(25+21)
36(20+16)
25(11+14)
22(10+12)

17 (9+8)

43(22+21)
32(17+15)
23(10+13)
18 (7+11)

16 (9+7)

43(22+21)
32(17+15)
23(10+13)
18 (7+11)

16 (9+7)

47(25+22)
36(20+16)
25(11+14)
21(10+11)

17 (9+8)

43(23+20)

30(17+13)

21.3 (15.9-29.6)
21.0 (14.4-29.8)
19.5 (15.9-29.8)
22.9 (15.8-31.7)

22.9 (15.6-31.6)

48.6 (35.7-59.0)
45.8 (37.7-60.3)
45.6 (40.2-53.6)
49.8 (35.1-62.9)

44.4 (33.9-64.2)

16.6 (12.2-19.5)
16.2 (13.4-19.6)
15.8 (13.7-18.9)
16.9 (12.4-19.5)

16.9 (12.0-19.1)

24.8 (10.8-51.8)
30.0 (13.1-49.1)
28.4 (21.2-54.0)
28.9(9.9-61.2)

27.5 (15.8-67-5)

436 (60-651)

449 (120-627)

215 (14.8-35.7)
22.2 (16.1-36.8)
22.7 (16.5-38.8)
23.7 (16.9-34.8)

23.5(18.9 -31.6)

48.1 (26.8-56.5)
50.4 (35.0-63.6)
55.2 (34.9-66.7)
54.9 (38.1-69.9)

50.3 (41.1-58.6)

16.6 (11.3-21.1)
17.6 (13.9-23.5)
17.9 (14.0-26.8)
18.6 (15.3-21.8)

18.2 (15.5-19.7)

28.6 (7.2-51.3)
32.7 (19.8-54.0)
33.1(19.4-55.4)
33.8 (22.5-59.9)

39.0 (24.3-59.4)

431 (240-775)

526 (240-817)




Visit 3 16 (7+9) 490 (399-602) 574 (474-855)
Visit 4 16(8+8)  453(240-663) 601 (360-844)

Visit5 11(5+6)  495(300-668) 610 (529 -861)

Table 3 Exact values in median ( range) for outcome variables.
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Table 3 Changes over time, median (range) of outcome measures; BMI, FFM, FFMI, handgrip and 6MWT.



Patients Non-sHPN sHPN SHPN

Evaluated Median (Range) M edian (Range) including HPN
Energy (kJ/kg/d)
Baseline 46(25+21)  131.7(92.6-239)  158.8(24.6-249.5)  158.8 (24.6-249.5)
Visit 2 36(20+15) 148.8(10.8-266.3) 125.6 (57.0-300.9)  158.2 (90.0-334.5)
Visit 3 26(12+14) 130.0(24.3-332.6) 126.2(30.0-290.7)  160.5 (63.8-320.0)
Visit4 22(10+11) 1689 (83.3-303.3) 168.1(70.9-244.5) 196.0 (107.0-283.3)
Visit5 17 (9+8)  153.3(91.6-2285) 130.9(59.9-320.9) 167.8(98.4-348.7)
Protein(g/kg/d)
Basdline 46(25+21)  1.11(0.33-232)  1.18(0.13-1.76) 1.18(0.13-1.76)
Visit 2 36(20+15)  1.16 (0.60-2.19)  1.08 (0.42-2.44) 1.52 (0.85-2.81)
Visit 3 26(12+14)  1.10(0.32-2.84) 1.39 (0.44-2.11) 1.81 (0.88-2.48)
Visit4 21(10+11)  1.16(0.65-2.84)  1.34(0.65-2.14) 1.79 (1.07-2.51)
Visit5 17(9+8)  1.10(0.69-1.69)  1.12(0.45-2.29) 1.57 (0.94-2.65)
Fluids (ml/kg/d)
Baseline 46(25+21) 29.1 (4.4-57.6) 30.2 (11.2-43.8) 30.2 (11.2-43.8)
Visit 2 36(20+15)  30.1(13.5-55.9) 32.3(21.0-54.3) 41.6 (27.9-63.1)
Visit 3 26(12+14)  30.8(16.0-65.7)  30.8(17.5-80.5) 37.4(24.0-88.2)
Visit4 22(10+11)  38.9(7.7-49.7) 36.4 (18.2-56.0) 42.3 (25.9-65.5)
Visit5 17 (9+8) 34.0 (16.1-68.4) 31.2 (16.3-37.6) 38.9(24.9-44.2)

Table 4 Nutritional intake of non-protein calories, protein and fluids, median (range) from baseline to visit 5.



Mean difference Basdine Visit 2 Visit 3 Visit 4 Visit5
Baseline — Visit5 (6 weeks) (12 weeks) (18 weeks) (24 weeks)
0.26[-2.6, 2.1] 0.43[-0.7, 1.6] 1.65[0.4, 2.9]* -4.9[-1.9, 1.0] -0.66 [-2.1,0.8]
BMI (kg/m?)
(N=0) (N=0) (N=0) (N=0) (N=0)
-0.30[-4.1,4.7] 1.73[-14,4.9] 6.44 2.9, 10.0]** 3.39[-0.6, 7.4] 1.66[-2.4,5.7]
FFM/kg (BIA)
(N=3/1) (N=3/1) (N=3/1) (N=3/1) (N=3/1)
0.04[-13,1.2]  051[-0.6, 1.6] 2.03[0.8, 3.3]** 0.95[-0.5,2.4] 0.32[-1.2,1.8]
FFMI(kg/m ?) (BIA)
(N=3/1) (N=3/1) (N=3/1) (N=3/1) (N=3/1)
-249[-26,76] 230[-0.6,5.2] 4.20[0.9, 7.5]* 1.88[-1.6, 5.4] 4.15[0.4, 7.9]*
FFM/kg (skinfold)
(N=0) (N=0) (N=0) (N=0) (N=0)
-0.97[-04, 2.3] 0.66[-2.8, 1.6] 1.21[0.1, 2.3]* 0.50[-0.6, 1.6] 151[0.3,2.7]*
FEMI (kg/m )(skinfold)
(N=0) (N=0) (N=0) (N=0) (N=0)
3.07[-99,37 -0.39[-5.0,4.24] -0.08[-5.2,5.1] 1.29[-4.1,6.7] -1.10[-6.7, 4.6]
Handgrip/ kg
(N=0) (N=0) (N=0) (N=0/2) (N=0)
28.51 -4.99 42.57 32.22 31.56
6MWT/ meter [-110.2, 53.2] [-45.6, 35.6] [-3.3,884] [-13.8, 78.3] [-18.8, 81.9]
(N=2/2) (N=3/3) (N=4/5) (N=2/4) (N=4/2)
-41[-79,16.1] 244[-11.0159] 16.00[0.6,31.4]* 15.4[-0.8,31.6]  7.02[-10.9, 24.9]
Overall QoL
(N=0) (N=0) (N=0) (N=0) (N=0)
24h recall energy(kJ/kg/d) 9.7[-35.5,16.0] 29.7[-14.0, 73.3] 29[-4.6,51.5] 12.9[-39.4,65.2] 35.2[-21.2,91.6]
(N=1/0) (N=1/0) (N=1/0) (N=1/0) 0.5 (N=1/0)
24h recall protein (g/kg/d)  0.02[-0.3,0.2] 0.43[0.1,0.8]* 0.38[0.1,0.8]* 0.22[-0.2,0.6] 0.47[0.1, 0.9]*
(N=1/0) (N=1/0) (N=1/0) (N=1/0) (N=1/0)
24h recall fluids (ml/kg/d)  -1.4[-52,7.8]  9.2[2.0, 16.3]* 9.4[14,174]* 129[42126]**  3.2[-6.2,12.6]
(N=1/0) (N=1/0) (N=1/0) (N=1/0) (N=1/0)

N=number of missing in each group *p<0.05, **p<0.01.

FFM=Fat Free Mass, FFMI= Fat Free Mass Index, BMWT= Six Minutes Walking Test

Basdline; No significant difference.

Table 5 Mean difference in outcome between sHPN and non-sHPN from baselineto visit 5.

Differences accounting for the baseline value when tested using the linear mixed model.



Patients Non-sHPN sHPN

Evaluated Mean (sd) Mean (sd)

Overall QoL

Baseline 47(25+22) 64 17 60 +23

Visit 2 36(20+16) 65+21 67 +23
Visit 3 25(11+14) 53 +14 69 +23
Visit 4 22(10+12) 60+21 78 +26
Visit 5 17 (9+8) 5618 69 +24

Table 6 Exact values in mean (+sd) for the overall QoL.



Assessed for eligibility

(n=564)

Enrollment

Excluded (n=517)

Not meeting inclusion criteria (n=323)
«  Not malnourished (n=245)
«  Non-compliance (n=30)
« Life expectancy<3months (n=14)
«  Performance status 3 (n=12)
o Already receiving HPN (n=6)
«  Short Bowel Syndrome (n=5)
o Other (n=11)

Declined to participate (n=187)
«  Lack of energy (n=53)

« Did not want a central venous access (n=42)

Did not feel nutritional challenged (N=24)
Did not want to spend time in a RCT (n=20)

A4

o Other (n=12)

«  Reason unknown (n=36)
Interested but dead before randomization (n= 6)
Enrolied in another RCT (n=1)

Randomized (n=47)

:

sHP

Allocation

y

Allocated to intervention (n=25)
Received allocated intervention (n=25 )
Did not receive allocated intervention (n=0)

A 4

Allocated to intervention (n=22)
Received allocated intervention (n= 20 )
Did not receive allocated intervention (n=2)
(n=1 dead before intervention start)
(n=1 withdrawn and offered tHPN)

Analysed

Analysed intention to treat (n=25)
Excluded from analysis (n=0)

Analysed intention to treat (n=22)
Excluded from analysis (n=0)
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Non-sHPN 25 (14) 11 (6) 5 (2) 3 (0) 2
sHPN 22 (11) M (8) 3 (3) 1 (0) 0



