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The applicant proposed that Smoflipid be indicated “as a source of calories and essential fatty 
acids for parenteral nutrition when oral or enteral nutrition is not possible, insufficient, or 
contraindicated” 

The proposed Smoflipid formulation is the same as the applicant’s “SMOFLipid,” which is 
approved and marketed outside the US and has been available since 2004.
Important efficacy and safety issues discussed in this review include: 1.) essential fatty acid 
deficiency, 2.) potential liver toxicity due to the presence of phytosterols, 3.) elemental 
impurities.

2. Background

HISTORY

Lipid emulsions are primarily used as a source of calories (energy) and essential fatty acids.  
They are used in combination with amino acids, electrolytes, trace elements and dextrose in 
order to provide total parenteral nutrition.  Intravenous lipid emulsions are used in patients 
with gastrointestinal dysfunction, who lack the capacity to absorb adequate nutrients to 
maintain or recover body mass and function, and cannot tolerate oral or enteral feeding.  
Provision of calories by lipids, reduces the amount of glucose that would otherwise be 
necessary to supply calories in a 24 hour period.  Dextrose, a form of glucose, can be used to 
make intravenous preparations. Administration of high dextrose loads contributes to 
hyperglycemia in critically ill patients, and has been associated with higher risk for 
morbidity/mortality2. Lipid emulsions are also intended to supply patients with essential fatty 
acids.

Previous approvals of lipid injectable emulsions were largely premised on the fact that the 
products provided a known amount of calories based on the amount of fat present and that they 
served as a source of essential fatty acids.  Lipids in the form of triglycerides can be converted 
into energy, carbon dioxide, and water in the mitochondria via the β-oxidation process and 
citric acid cycle, thus comprising one of the basic nutritional requirements of mammalian 
metabolism in addition to glucose, amino acids, and electrolytes.3 It is also a well-established 
scientific fact that fatty acids in the form of triglycerides are major sources of dietary energy 
and are more calorie-dense than protein and dextrose.4 Because the energy value of fatty acids 
depends on the length of the carbon chain, long chain fatty acids (provided by soybean, olive 
and fish oil) provide 9kcal/g while MCTs provide 7kcal/g.5 They also provide the structural 
components of cell membranes, contribute to membrane fluidity, are the precursors of 
biological mediators, and are regulators of gene expression.

Intralipid (NDA 017643) was the first intravenous lipid emulsion product approved in the U.S. 
in 1975.  Intralipid contains one active ingredient, soybean oil.  The original approval 

2 Olveira G, et l. Diabetes Care. May 2013, Vol 36 no. 5: 1061-1066.  
3 Berg J.M., Tymoczko J.L., Stryer L., Biochemistry, 5th edition, New York: W H Freeman; 2002 (See Chapter 
17, Citric Acid Cycle).
4 Berg, Chapter 22.
5 Berg, Chapter 22.
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knowledge, support a finding of substantial evidence of effectiveness for the proposed 
indication; and they also provide supportive clinical information regarding the safety of 
Smoflipid.  One important efficacy/safety issue is essential fatty acid deficiency (EFAD) 
which is more readily apparent and severe in neonates compared to adults.  In adults, essential 
fatty acid deficiency may develop over a long period of time and results in reversible 
dermatologic changes.  Pediatric patients develop EFAD more rapidly, and develop serious 
clinical signs and symptoms related to deficiencies in neurologic growth and development.  
These changes may not be reversible.  Therefore, additional safety information with longer 
exposure to Smoflipid is necessary to evaluate the safety in neonatal and young pediatric 
patients.

The Holman index has been used as a chemical marker to evaluate the adequacy of the 
provision of LA and ALA.  The evaluation of EFAD has relied upon the measurement of mead 
acid (a triene) and arachidonic acid (a tetraene) in plasma or red blood cell samples.  The 
“Holman index” is then obtained by dividing the quantity of mead acid by that of arachidonic 
acid.   It is based on the observation that the same enzymes responsible for converting linoleic 
(LA) acid and alpha-linolenic (ALA) acid into arachidonic acid and eicosapentaenoic acid 
(EPA) also convert oleic acid into mead acid if LA and/or ALA are less available.  Based on 
studies by Holman et.al (1979), levels greater than 0.2 represent chemical EFAD as clinical 
symptoms may lag behind these measurements6,7 .  The medical reviewer points out that 
“Since the Holman index was developed several decades ago, there have been clinical 
analytical method advancements that have led to discussion about the appropriate ranges for 
the triene/tetraene ratio (Lagerstedt 2001). The Mayo Medical Laboratories have established 
reference ranges for the triene/tetraene ratio that are very different from the classic Holman 
index. Further discussions are needed to determine the most appropriate measurements and 
reference values to diagnose EFAD”8.

The applicant justifies this novel fat emulsion as supplying enough essential FA for adults and 
pediatric patients based on composition calculations.  They further have stated that the supply 
of EPA and docosahexaenoic acid (DHA) which are found in Smoflipid would not be 
adequately evaluated utilizing the Holman index because they do not directly influence the 
generation of mead acid.  EPA and DHA are derived from essential fatty acids, and the 
applicant states that this may be beneficial in preventing EFAD.  The applicant also notes that 
“the intake of EPA and DHA in addition to the intake of LA and ALA must be considered to 
determine whether adequate essential fatty acids are provided, and the Holman index must not 
be the only parameter used to evaluate the essential fatty acid status of the patients”.  In our 
review we analyzed the measurements of ALA and LA as well as the Holman index in patients 
taking Smoflipid compared to the  soybean oil comparators (see Pediatric efficacy and 
safety sections).

6 Holman RT, Smythe L and Johnson S. Effect of sex and age on fatty acid composition of human
serum lipids. Am J Clin Nutr. 1979;32:2390-9.
7 Hamilton C, Austin T, Seidner DL. Essential fatty acid deficiency in human adults during
parenteral nutrition. Nutrition in Clinical Practice 2006; 21(4):387-94.
8 Lagerstedt S, Hinrichs D, Batt S, Magera M, Rinaldo P, McConnell J. Quantitative
determination of plasma C8-C26 total fatty acids for the biochemical diagnosis of
nutritional and metabolic disorders. Molecular Genetics and Metabolism 2001; 73:38-
45.
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Desaturation and Elongation of Alpha-Linolenic Acid, Linoleic Acid and Oleic Acid to 
Docosahexaenoic Acid, Docosapentaenoic Acid, and Mead Acid9.

Parenteral Nutrition Associated Liver Disease and Phyotosterols
Phytosterols are an impurity present in all lipid emulsion products derived from plant oils. 
Phytosterols that are poorly absorbed by the gut when ingested orally (estimated 5% 
bioavailability) are expected to far exceed the exposure achieved in a normal human diet when 
administered intravenously.  Phytosterols have been linked to the development of parenteral 
nutrition associated liver disease (PNALD)10. PNALD is believed to occur in stages starting 
with parenteral nutrition associated cholestasis (PNAC) as the predominant presentation in 
infants.  As PNAC progresses to PNALD, the process can lead to a high incidence of 
morbidity and mortality11.  Previously, the division had determined that it is important to test 
intravenous lipid emulsion products with validated assays and establish limits for the presence 
of individual component phytosterols. The same applies to this product.  The studies presented 
and reviewed in this application are too short in duration to evaluate the risk of developing 
parenteral nutrition associated liver disease.  Because the risk of development of PN-related 
liver disease is highest in pediatric patients, especially neonates, a post-market required (PMR) 
trial to address this question will enroll this young population.  However, in order to assure the 
safety of the children enrolled in the trial, the PMR trial to assess the risk of development of 
EFAD in children must be complete before initiation of this trial.  The applicant will be 
required to incorporate a phytosterol depleted Smoflipid product for evaluation in this PMR 

9 Kalish BT, Fallon EM and Puder M. A tutorial on fatty acid biology. J Parenter Enteral Nutr. 2012;36:380-8.
10 Xu Z, and Li Y-S.  Pathogenesis and treatment of parenteral nutrition-associated liver disease.  Hepatobiliary 
Pancreatic Dis Int. Vol 11, No 6. December 15, 2012.
11 Rangel SJ, etal. Parenteral nutrition-associated cholestasis: an American Pediatric Surgical Association 
Outcomes and Clinical Trials Committee systematic review. J Pediatr Surg. 2012 Jan;47(1):225-40. doi: 
10.1016/j.jpedsurg.2011.10.007.
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“The applicant has provided sufficient CMC information to assure the identity, 
strength, purity, and quality of the drug product.

On October 6, 2015, the Office of Process and Facility has issued an overall
“Approval” recommendation for the facilities involved. (Attachment 1)

Label/labeling issues have been satisfactorily resolved (Attachment 2).
Therefore, from the OPQ perspective, this NDA is recommended for Approval.”

I concur with the conclusions reached by the OPQ chemistry and microbiology reviewer 
regarding the acceptability of the manufacturing of the drug product and drug substance.  
Manufacturing site inspections were acceptable.  Stability testing supports an expiry of 24 
months.  There are no outstanding issues.

4. Nonclinical Pharmacology/Toxicology
The nonclinical pharmacology/toxicology program consists of safety pharmacology, repeat 
dose IV toxicity in two mammalian species (rat and dog), and genotoxicity studies conducted 
with Smoflipid, with support from nonclinical studies conducted by Fresenius on its other 
lipid-containing products.  

The following is a summary from the Nonclinical Pharmacology/Toxicology review.

“The applicant has provided adequate nonclinical pharmacology and toxicology information in 
support of the NDA application. Nonclinical studies submitted are with Smoflipid or its 
constituent lipids: long chain triglycerides (LCT), medium chain triglycerides (MCT) and 
omega 3 (n-3) fatty acids (Omegaven) and Intralipid (soybean oil emulsion). In nonclinical 
studies, Smoflipid or its constituent fatty acids were generally well-tolerated in a rodent (rats) 
and a non-rodent (dogs) species at the maximum doses administered, with slight or moderate, 
but reversible adverse effects. The safety of Smoflipid and/or the individual lipid constituent, 
soybean oil (Lipovenos 20%, Intralipid 20%), fish oil (Omegaven 10%) has been established 
in safety pharmacology, repeat dose IV toxicity and genotoxicity studies. There are no 
significant nonclinical safety concerns for Smoflipid 20 %.”

“In repeat-dose toxicity studies with Smoflipid 20 % in rats, it was tolerated for only up to
4 weeks. Administration of Smoflipid beyond 4 weeks at the highest dose of 18g/kg/day (3.8 
mL/kg/hr) was associated with mortalities and a wide range of toxicities, related to the 
continuous 24 hour infusion of a large volume of the fat emulsion. In dogs, infusion of 
Smoflipid 20% (6 hr/day) for 13 weeks was well-tolerated with limited adverse effects, related 
to the nature of the formulation and administration of a large volume of the parenteral 
emulsion. There were no mortalities in dogs, and no changes in hemodynamic or ECG 
parameters were observed. Mild to moderate indurations observed at the infusion site, and 
slight discoloration and fatty changes in the liver were fully or partially reversible at the end of 
the 4-week recovery period. The other components of Smoflipid were similarly well-tolerated 
in rodents and non-rodents following repeated administration for up to 13 weeks.” Additional 
safety pharmacology studies on Smoflipid were not needed because these repeat-dose chronic 
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toxicity studies in two animal models adequately established the absence of any adverse 
effects on any organ system or function.  

“Smoflipid and/or its constituents were not genotoxic in a standard battery of genotoxicity 
assays. Reproductive toxicology studies were not performed with Smoflipid. However, in a 
pre- and post-natal developmental study in rabbits with Intralipid, no teratogenic effects, or 
effects on fetal development were observed.”12  

“For the intended indication . . . . conventional carcinogenicity studies are generally not 
required since treatment [with parenteral lipid emulsion products] implies supplementation at 
levels only high enough to satisfy the major part of the energy requirement and to protect from 
essential fatty acid deficiency.” In other words, carcinogenicity studies would not be expected 
to yield useful data because exposure would not be expected to exceed levels beyond those 
resulting from ordinary dietary intake.13  

“The safety assessments of the potential migration of component materials of the  
packaging system into the Smoflipid 20 % emulsion parenteral infusion product and the 
associated risk for the recipient patients were evaluated. In the safety assessment of the 
potential migrants (leachables and extractables), there was a separation or clear separation 
between calculated patient exposures and the permitted daily exposure (PDE) as calculated 
according to animal or human toxicity data from toxicological information or as calculated 
according to the ICH Q3C(R5) guidance.”

“The safety assessment of the potential leachables/extractables appears to be adequate and 
acceptable, and does not raise any safety concerns. In addition, there are no safety concerns 
with potential and established migrants from  

 the storage of the raw material oils used in the synthesis of Smoflipid.”

The nonclinical pharmacology/toxicology reviewers recommended approval.14

12 Lipid emulsions are not expected to have embryotoxic or teratogenic effect, when given in recommended doses 
as substitution therapy.  Further, nonclinical reproductive toxicology studies for this product would likely be 
infeasible given the inability of the animal model to sustain the IV infusion of the large volume of lipid emulsion 
over several weeks.  Even if such studies were feasible, the interpretation of such data would likely be difficult 
due to adverse effects related to the IV infusion of the large volume of lipid emulsion. 
13 In addition, carcinogenicity studies, which are typically conducted over a period of 2 years in rodents, would 
likely be unfeasible given the inability of the animal model to sustain the IV infusion of the large volume of lipid 
emulsion over such a time frame.
14 No other pharmacology or toxicology studies using Smoflipid were needed for approval.  For example, primary 
pharmacodynamics studies would likely not be useful as there is no therapeutic target; glucose, amino acids, fatty 
acids, and electrolytes comprise the basic nutritional requirements of mammalian metabolism.  Secondary 
pharmacodynamic studies are not feasible (or relevant) for lipid injectable emulsions because these products lack 
a specific site of action.  ADME (absorption, distribution, metabolism, and excretion) studies are not needed 
because the metabolites of the parenteral lipid emulsion product are endogenously present in the body; in 
addition, this product is 100% bioavailable and thus its conversion to into energy can readily be calculated 
without such studies.
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I concur with the conclusions reached by the pharmacology/toxicology reviewer that there are 
no outstanding pharm/toxicology issues that preclude approval. I also note that although the 
pharmacology/toxicology reviewers refer in their review to literature or studies of all lipid 
classes, upon further consultation with them it is not necessary to rely on literature or on 
studies not conducted by the sponsor to support approval of this product. 

5.    Clinical Pharmacology/Biopharmaceutics 

The clinical pharmacology/biopharmaceutics reviewers stated that they reviewed the results of 
two clinical pharmacology studies which were submitted in support of this NDA; however, 
both studies were considered to be exploratory. The constituents of Smoflipid 20% used in 
these two studies were different from the current proposed product.  These studies were 
conducted with 10 to 12 healthy subjects each given single short term (4 to 6 hours) infusion 
and dated from 19 years ago. In addition, the bioanalytical methods were not described in 
detail and method validation results were not provided. As a consequence, the information is 
of limited value and will not be included in labeling. Because these studies are not necessary 
for the NDA approval, the weaknesses of these study reports was not considered a refuse-to-
file issue or approval issue.  Clinical pharmacology studies generally assess rate and extent of 
exposure to the therapeutic moiety. the product is 100% bioavailable, and given the indication, 
i.e., source of calories and essential fatty acids, the rate and extent of exposure to particular 
moieties would not be particularly informative with respect to this indication.

The reviewers agreed to the inclusion of the potential interaction of Smoflipid with coumarin 
and coumarin derivatives in section 7 of the professional labeling (Drug Interactions), because 
soybean oil and olive oil naturally contain vitamin K1.

I concur with the conclusions reached by the clinical pharmacology/biopharmaceutics 
reviewer that there are no outstanding clinical pharmacology issues that preclude approval. 

6. Clinical Microbiology 
This section is not applicable because the product is not intended to have antibiotic treatment 
effects.

7. Clinical/Statistical-Efficacy
The applicant’s phase 3 development program was the basis of the submission.  The applicant 
submitted the results of 10 studies and clinical trials.  Two studies were small clinical 
pharmacology studies, 5 clinical trials were in adults and 3 were in pediatric patients.  Details 
of these studies are described below (note one additional clinical trial in adults was performed 
in China and is not part of this review for efficacy).  No formal statistical review was 
conducted.  The statistical reviewer stated in his filing review, 

 “The submitted study results should be considered descriptive or observational only as 
they do not rely on appropriate inferential statistics or trial designs that would be 
considered adequate to support specific endpoint testing. At the time of filing, we 
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considered this application as ‘No Action Indicated’. The statistical reviewer will, 
however, be available to the clinical review team, as needed, to address specific 
questions or concerns that would require statistical response”. 

Given the nature of the indication in that it does not include clinical outcomes but rather the 
drug is intended for use as a source of calories and essential fatty acids, specific clinical 
endpoints evaluated by formal statistical analyses are not needed to support approval.

Adult Clinical Trials:
The objectives and designs of the six major randomized adult studies are listed below in a 
table reproduced from the medical officer clinical review.

Trial
(Trial 
Time 

Period)

Trial Design Dosing Number of 
patients 

randomized/treat
ed

Study population Planned 
Duration

FE-SM-
03-DE
(09/1997-
07/1998)

Phase 3, 
double-blind, 
randomized, 
active-
controlled, 
parallel-group, 
multicenter 

SMOFlipid 20% 
central IV infusion 
of 1.5 g/kg/d 

Lipovenös 20%* 
central IV infusion 
of 1.5 g/kg/d 

249/249 

SMOF 20%: 126 

Lipovenös 20%: 
123 

Male and female 
adult patients (aged 
18 years or older) 
following major 
abdominal, thoracic, 
or urological surgery 

Continuous 
infusion over 
approximately 24 
hours per day for 
5 days after 
surgery 

FE-SM-
04-CH 
(01/1998-
08/1998)

Phase 3, 
double-blind, 
randomized, 
active-
controlled, 
parallel-group, 
single-center 
study 

SMOF 20% 
central IV infusion 
up to a maximum 
of 2 g/kg/d 

Lipovenös 20% 
central IV infusion 
up to a maximum 
of 2 g/kg/d 

35/32 

SMOF 20%: 16 

Lipovenös 20%: 
16 

Male and female 
adult patients (aged 
18 years or older) in 
need of TPN 

Continuous 
infusion over 18 
to 24 hours per 
day for 10 to 14 
days 

03-3CB7-
001 
(07/2004-
02/2005)

Phase 3, 
prospective, 
open-label, 
randomized, 
active-
controlled, 
parallel-group, 
single-center 
study 

SmofKabiven 
central IV infusion 
of 15-30 mL/kg/d, 
corresponding to 
0.57-1.14 g/kg/d 
(SMOFlipid 20%) 

Kabiven 
central IV infusion 
of 15-30 mL/kg/d, 
corresponding to 
0.6-1.2 g/kg/d 
(Intralipid 20%) 

60/53 

SmofKabiven: 26 

Kabiven: 27 

Male and female 
adult patients (aged 
18 to 85 years) 
following major 
intestinal tract 
surgery requiring 
PN 

Continuous 
infusion for 
approximately 24 
hours per day for 
5-7 days after 
surgery 

03-3CB8-
001 
(07/2004-
10/2005)

Phase 3, 
prospective, 
open-label, 
randomized, 
active-
controlled, 
parallel-group, 
multicenter 
study 

SmofKabiven 
Peripheral 
peripheral IV 
infusion, MXDD: 
40 mL/kg/d, 
corresponding to 
1.13 g/kg/d 
(SMOFlipid 20%) 
Kabiven 
Peripheral 
peripheral IV 

52/52 

SmofKabiven 
Peripheral: 27 

Kabiven 
Peripheral: 25 

Male and female 
patients (aged 18 to 
85 years) requiring 
PN 

Peripheral IV 
infusion for 14-24 
hours per day for 
5-7 days 
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Trial
(Trial 
Time 

Period)

Trial Design Dosing Number of 
patients 

randomized/treat
ed

Study population Planned 
Duration

infusion, MXDD: 
40 mL/kg/d, 
corresponding to 
1.42 g/kg/d 
(Intralipid 20%) 

05-SMOF-
006 
(10/2007-
10/2008)

Phase 3, 
double-blind, 
randomized, 
active-
controlled, 
parallel-group, 
multicenter 

SMOFlipid 20% 
central IV infusion 
of 1-2 g/kg/d 

Intralipid 20% 
central IV infusion 
of 1-2 g/kg/d 

75/73 

SMOF 20%: 34 

Intralipid 20%: 39 

Male and female 
adult patients (aged 
18 to 85 years) in 
need of PN 

Continuous 
infusion over 10-
24 hours per day 
for 5-7 days per 
week for 4 weeks 

**SMOF-
001-CP3
(08/2008-
09/2009)

Phase 3, 
double-blind, 
randomized, 
active-
controlled, 
parallel-group, 
multicenter 

Smoflipid 20% - 
1.2 g/kg/d

Intralipid 20% - 
1.2 g/kg/d 

212/212

SMOFlipid:: 106

Intralipid: 106:

Male and female 
adult patients (aged 
18 to 80 years) after 
moderate
and major 
abdominal
surgery

Central or 
peripheral 
infusion for 6 days

* Lipovenös (a Fresenius product) is a 20% lipid emulsion containing  soybean oil.  Although not approved in the 
United States, it is approved in other jurisdictions like the European Union (EU).  
** Data from Trial SMOF-001-CP3 was not included in the Integrated Summary of Safety (ISS) or Integrated Summary of 
Efficacy (ISE)

Of the studies listed above, the medical officer’s clinical review relied on the evidence from 
the three double blind, randomized, active controlled trials.  The largest of these studies 
enrolling 249 post-operative patients (FE-SM-03-DE) had a 5 day treatment period.  Study FE-
SM-04-CH enrolled 35 patients who were treated for from 10 to 14 days.  The third study, 05-
SMOF-006, treated patients for the longest duration, 28 days, and enrolled 73 patients.  The 
last two double-blind randomized, active controlled trials enrolled patients who were in “need” 
of parenteral nutrition.  Although these studies were not powered to demonstrate “clinical 
efficacy” regarding other claims initially sought by the sponsor (e.g., clinical superiority or 
non-inferiority claims), they collected data relevant to the efficacy review of this NDA and are 
relied upon as evidence for the proposed indication for which approval will be granted.  In the 
adult studies included in this submission, the applicant states that only study FE-SM-03-DE 
was designed to examine changes in triglyceride levels as the primary efficacy endpoint; while 
the other clinical studies in adult patients evaluated triglyceride levels and other potential 
measurements of nutritional status or lipid metabolism as assessments of safety. In order to 
review other secondary indicators of nutrition to support efficacy for the proposed indication, 
the clinical reviewer also examined the various metrics of nutrition such as albumin, 
prealbumin, nitrogen balance, antropometrics, essential fatty acids, triglycerides and fatty acid 
across the various trials.  
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 Study FE-SM-03-DE was conducted in 249 postoperative adult patients in need of total 
parenteral nutrition (TPN) for ≥5 days. The objective of the study was to evaluate 
efficacy, safety, and tolerance of SMOFlipid 20% compared to Lipovenös® 20% 
(soybean oil emulsion). Efficacy was assessed on the basis of effects on serum 
triglyceride concentrations, fatty acid profiles as well as fatty acids in plasma and cell 
membrane phospholipids (defined as primary and secondary efficacy variables in the 
clinical study report [CSR]), and albumin levels (defined as a safety variable in the 
CSR). From baseline to Day 6, mean triglyceride levels increased similarly in both the 
Smoflipid and comparator groups.  A clinical outcome monitored in this study was 
length of stay in hospital and ICU.  The mean length of stay in the hospital and ICU 
was similar for the two treatment groups (based upon descriptive statistics).

 Study FE-SM-04-CH treated 32 adult patients in need of TPN for 10 to14 days. The 
objective of the study was to evaluate safety and tolerance of SMOFlipid 20% 
compared to Lipovenös 20%. Efficacy was assessed on the basis of effects on serum 
triglyceride concentrations (defined as a safety variable in the CSR). Patients were 
treated with either Smoflipid or a soybean oil lipid emulsion. The increase in mean 
triglyceride levels from baseline to the final assessment was similar in both the 
Smoflipid and comparator groups.

 05-SMOF-006 enrolled 75 and treated 73 adult patients in need of PN for at least 4 
weeks. The primary objective of the study was to compare safety and tolerance of 
SMOFlipid 20% with Intralipid® 20%. Efficacy was assessed on the basis of effects on 
serum triglyceride levels, fatty acids in plasma lipoproteins and red blood cell (RBC) 
phospholipids, and albumin levels (all defined as safety variables in the CSR). Changes 
in mean triglyceride levels from baseline values to Week 4 were similar in both the 
Smoflipid and comparator groups. Mean albumin levels demonstrated a comparable 
decrease in both groups. Mean changes in body weight (kg) and BMI (kg/m2) were 
similar in both the Smoflipid and comparator group.  In a subset of 33 patients fatty 
acids were evaluated.  Fatty acid profiles were consistent with the composition of the 
lipid emulsion. Smoflipid 20% was associated with lower mean concentrations of the 
essential fatty acid linoleic acid compared with soybean oil based comparators and an 
increase in omega 3 fatty acids when compared with soybean oil based products.  
There was limited data reported on the triene:tetraene ratio.    

In summary, none of the submitted trials were adequately designed and/or powered to 
establish nutritional equivalence or superiority of Smoflipid to the currently marketed lipid 
emulsion products.  No study established that Smoflipid is superior or non-inferior to available 
therapy on a clinical outcome measure.  While the applicant designed Study FE-SM-03-DE as 
a non-inferiority study regarding serum triglyceride measurements, neither superiority nor 
non-inferiority was demonstrated.  However, the applicant’s full proposed indication is 
“Smoflipid is indicated in adults as a source of calories and essential fatty acids for parenteral 
nutrition when oral or enteral nutrition is not possible, insufficient, or contraindicated.”  No 
clinical outcome claims were included in the proposed indication.  The failure to establish 
superior or non-inferior efficacy in the trials submitted to support this NDA is not an approval 
issue.  Smoflipid provides a source of calories and essential fatty acids for patients requiring 
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parenteral nutrition.  These trials, together with generally accepted scientific knowledge, 
support a finding of substantial evidence of effectiveness for the proposed indication.  As an 
injectable lipid emulsion, Smoflipid provides the purported nutritional support which is self-
evident by assessing the product’s component contents. The product is intravenously infused, 
and the amount of calories provided can be simply determined based on the amount of lipids 
contained in the product, since it is well established: long chain fatty acids (provided by 
soybean, olive and fish oil) provide 9kcal/g while MCTs provide 7kcal/g.15   The three studies 
described above are adequate and well-controlled and support Smoflipid’s clinical effect on 
nutrition by measuring other variables such as triglyceride levels, fatty acid profiles and serum 
concentrations of albumin.  

The applicant proposed adult dosing instructions for the product label, which were consistent 
with the sponsor’s Intralipid 20% labeled dose instructions. With regard to the proposed 
dosing for Smoflipid, I also note that the labeled dose is in agreement with the ASPEN 
guidelines16 although it is not necessary to rely on those guidelines for approval of the dosing 
regimen.  The ASPEN guidelines state that adult energy requirements range from 20-30 
kcal/kg, and that 15-30% of the calories should be provided as fat.  Additionally, the ASPEN 
guidelines state that “there is limited clinical benefit when fat content exceeds 30% of non-
protein calories,” which results in recommendations that the fat content of parenteral nutrition 
formulations should not exceed 2.5 g/kg/day.  

As noted above, Smoflipid contains essential fatty acids linoleic acid (LA) and alpha linolenic 
acid (ALA).  Smoflipid contains  omega-6 fatty acids  

  There are limited data available upon which to make firm recommendations.  The 
applicant concluded that the LA intake in adults should range from % of total energy intake 
and the ALA intake should range from % of total daily energy intake.  Based upon the 
calculations by the applicant using data based on the formulation and dosing instructions and 
confirmed by the medical review, the calculated volume of Smoflipid required in adults to 
provide the EFAs is less that the total volume that would be delivered to achieve the fat 
calories needed to meet energy requirements in adults based upon the labeled dosing.  The 
reviewers were reassured; however, there remain concerns regarding the actual EFA 
requirements, especially in young children and the limitation of the measures used to assess 
plasma EFA levels. No evidence of EFAD was seen in the adult trials; however, the duration 
of these studies may not have been long enough to detect the clinical manifestations.

The clinical review concluded that “Smoflipid appears to be a safe and effective source of 
calories and essential fatty acids in adult patients who require parenteral nutrition.”  I concur 

15 All classes of fatty acids can be converted into energy, carbon dioxide, and water in the mitochondria via β-
oxidation and citric acid cycle, thus comprising one of the basic nutritional requirements of mammalian 
metabolism in addition to glucose, amino acids, and electrolytes. Berg J.M., Tymoczko J.L., Stryer L., 
Biochemistry, 5th edition, New York: W H Freeman; 2002 (See Chapter 17, Citric Acid Cycle). It is also a well-
established scientific fact that fatty acids in the form of triglycerides are major sources of dietary energy and are 
more calorie-dense than protein and dextrose. (Berg, Chapter 22). Because the energy value of fatty acids 
depends on the length of the carbon chain, long chain fatty acids (provided by soybean, olive and fish oil) provide 
9kcal/g while MCTs provide 7kcal/g. (Berg, Chapter 22).
16 Task Force for the Revision of Safe Practices for Parenteral Nutrition. JPEN, J Paerenteral Enteral Nutr 2004, 
28:S39, PMID:15568296
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with the medical reviewer findings regarding provision of energy in adults; and I find that 
Smoflipid is effective for such use.  The product does contain essential fatty acids (EFA); 
however, there are concerns about the adequacy of the amounts of essential fatty acids it 
provides, particularly for children.  In adults essential fatty acid deficiency (EFAD) 
manifestations are dermatological and are reversible with supplementation, in children the 
neurological impact of EFAD could have permanent developmental consequences. This will 
be discussed in the following pediatric clinical trials section and in Safety Section 8.

Pediatric Clinical Trials:

The objectives and designs of the three major randomized pediatric studies are listed below in 
a table reproduced from the medical officer clinical review.

Trial
(Trial 
Time 

Period)

Trial Design Dosing Number of 
patients 

randomized/trea
ted

Study population Planned 
Duration

00-
SMOF-
002
(05/2003-
05/2005) 

Phase 2b, 
double-blind, 
randomized, 
active-
controlled, 
parallel-
group, single-
center

SMOFlipid 20% 
central IV 
infusion 
approximately 2 
g/kg/d 
Intralipid 20% 
central IV 
infusion 
approximately 2 
g /kg/d 

28/28 
SMOF 20%: 15 
Intralipid 20%: 
13 

Male and female 
infants and children 
(aged 1 month to 
11 years) with 
stable disease 
requiring PN 

1 week run-in 
period with 
Intralipid 20%; 
1 day washout; 
SMOFlipid 20% 
or Intralipid 20% 
as 12-14 hours 
continuous 
infusion per day 
for 4-5 days per 
week for 4 weeks 

00-
SMOF-
004 
(04/2003-
02/2006) 

Phase 2b, 
double-blind, 
randomized, 
active-
controlled, 
parallel-
group, single-
center 

SMOFlipid 20% 
or 
Intralipid 20% 
IV via umbilical 
artery or 
peripheral 
infusiona 
Dose (in g/kg/d): 
Day 1: 0.5 
Day 2: 1.0 
Day 3: 1.5 
Days 4-14: 2.0 

60/60 
SMOF 20%: 30 
Intralipid 20%: 
30 

Male and female 
premature neonates 
(gestational age 
<34 weeks; 0 to 7 
days old) with birth 
weight of 1000 to 
2500 g and 
requiring PN 

Continuous 
infusion for 20-
24 hours per day 
for 7 to 14 days 

03-
SMOF-
005
(05/2004-
02/2006) 

Phase 3, 
double-blind, 
randomized, 
active-
controlled, 
parallel-
group, 2-
center 

SMOFlipid 20% 
or 
Intralipid 20% 
IV via peripheral 
indwelling 
cannula or central 
infusion 
Dose (in g/kg 
birth weight/d): 
Days 1-3: 1.0 
Day 4: 2.0 
Day 5: 3.0 

84/84 
SMOF 20%: 42 
Intralipid 20%: 
42 

Male and female 
premature neonates 
(gestational age 
<34 weeks; 0 to 7 
days old)c with 
birth weight of 500 
to 2000 g and 
requiring PN 

Continuous 
infusion for 18-
24 hours per day 
for 7 to 14 days 
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reported for the remaining 4 patients. Based on the review of patient narratives the clinical 
reviewer concluded that “the adult deaths occurred in patients who had undergone significant 
gastrointestinal surgery, and were unlikely related to the study drug.”

Pediatric Clinical Trials
In Study 00-SMOF-002, one patient in the Intralipid group experienced a severe adverse event 
(AE) of pyrexia; otherwise all other all AEs were of mild or moderate intensity. One serious 
AE (SAE) occurred in the Smoflipid group (femur fracture) and one SAE in the Intralipid 
group (Campylobacter gastroenteritis). All AEs were considered as unlikely related to the 
study medication and the patients completely recovered. There were no SAEs leading to death 
in study 00-SMOF-002 in children.  

In Study 00-SMOF-004, the number of adverse events were similar between treatment groups 
with the most common adverse events being infections, infestations, and respiratory, thoracic 
and mediastinal disorders such as apnea. All AEs were of mild to moderate severity.  
Evaluation of the laboratory safety parameters did not reveal noticeable differences between 
the treatment groups. There were no SAEs leading to death in study 00-SMOF-004 preterm 
neonates.

The Study 00-SMOF-005, the most common AEs were infections and infestations (5 patients 
in the Smoflipid group and 11 patients in the Intralipid group), metabolism and nutrition 
disorders (5 patients vs. 8 patients), hepatobiliary disorders (4 patients vs. 7 patients), and 
blood and lymphatic system orders (6 patients vs. 4 patients). Although there were a higher 
percentage of AEs in the Intralipid group compared to the Smoflipid group, the study numbers 
were too small to demonstrate a difference between the treatment groups. The most frequent 
AEs by System Organ Classes were metabolism and nutrition disorders (5 Smoflipid vs. 8 
Intralipid), infections and infestations (5 vs. 11), blood and lymphatic system disorders (6 vs. 
4) and hepatobiliary disorders (4 vs. 7). The most frequent events in preferred terms were 
hyperbilirubinemia and metabolic acidosis.

Four patients (2 patients in the SMOFlipid 20% group and 2 patients in the Intralipid
20% group) died in the preterm neonate studies (all deaths occurred in the 03-SMOF-
005 study). All 4 patients who died were male. The 2 SMOFlipid 20% patients were lighter in 
weight (0.6 kg and 0.6 kg) than the 2 Intralipid 20% patients (1.0 kg and 1.1 kg). In the 
SMOFlipid 20% group, the deaths occurred during treatment, while in the Intralipid 20% 
group, the deaths occurred during follow-up. One SAE in an Intralipid 20% preterm infant 
who died was considered related to the study treatment (Enterobacter sepsis).  Based on the 
review of patient narratives the clinical reviewer concluded that “the pediatric deaths appeared 
to be the result of events related to prematurity, and were unlikely related to the study drug.”

As described above additional chemical/analytical studies and clinical trials are necessary 
post-marketing in order to further assess the safety of Smoflipid as it is related to the effect of 
phytosterols and the potential risk of PNALD and PNAC.  The post-market required (PMRs) 
studies are listed below.
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We have determined that an analysis of spontaneous postmarketing adverse events reported 
under subsection 505(k)(1) of the FDCA will not be sufficient to identify an unexpected 
serious risk of liver injury in pediatric patients including neonates, which may be related to the 
presence of phytosterols, with the use of Smoflipid (lipid injectable emulsion).

3002-3 Test the three registration stability batches for the individual component 
phytosterol content in Smoflipid (lipid injectable emulsion) using the validated analytical 
methods.

3002-4   Test for the individual component phytosterol content in all batches of 
Smoflipid (lipid injectable emulsion) manufactured over a three year period, using the 
validated analytical method. Based on these test results, establish safety limits for each of the 
individual component phytosterols in Smoflipid (lipid injectable emulsion) product 
specification.

3002-5     Develop and validate an appropriate analytical method for measuring phytosterol 
levels in plasma.

Finally, we have determined that only a clinical trial (rather than a nonclinical or observational 
study) will be sufficient to  of a serious risk of liver injury including either 
parenteral nutrition-associated liver disease (PNALD) or intestinal failure-associated liver 
disease (IFALD) in pediatric and neonatal patients, which may be related to the presence of 
phytosterols.  In addition, only a clinical trial (rather than a nonclinical or observational study) 
will be sufficient to assess a known serious risk of sepsis and mortality.  The following 
required clinical trials are to address these issues.

3002-6      Randomized clinical trial in hospitalized adult patients receiving either Smoflipid 
20% (lipid injectable emulsion, USP) or other standard-of-care IV lipid emulsions to evaluate 
clinical safety outcomes of sepsis and mortality. The trial will also evaluate the requirement 
for ventilator support and length of stay in ICU and hospital. 

3002-7     Randomized controlled trial in pediatric patients, including neonates, comparing a 
phytosterol-depleted formulation of Smoflipid (lipid injectable emulsion)  and another 
standard-of-care lipid emulsion (  soybean oil product) to evaluate the incidence of liver 
injury, including either parenteral nutrition-associated liver disease (PNALD) or intestinal 
failure-associated liver disease (IFALD). An adequate number of patients should receive 
treatment with parenteral nutrition for at least 90 days. This trial should be initiated after the 
results from PMRs 3002-1, 3002-2, and 3002-3 are available. The phytosterol content of the 
phytosterol-depleted formulation of Smoflipid (lipid injectable emulsion) should be 
documented using validated analytical assay methods developed under PMR 3002-3. Plasma 
phytosterol levels should be assessed in patients using validated analytical assay methods 
developed under PMR 3002-5.

3002-8    Randomized clinical trial comparing SMOFLIPID (lipid injectable emulsion) to 
another standard-of-care IV lipid emulsion, evaluating long-term risk of developing essential 
fatty acid deficiency (EFAD) and parenteral nutrition associated liver disease (PNALD) in 
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An engineering review of the  bag to be used with the Smoflipid product 
was performed regarding the container closure device/system.  This reviewer 
found the bag to be acceptable for this application.

o Office of Scientific Investigations:  Site inspections related to five studies 
were conducted (Protocol 00-SMOF-004, Protocol FE-SM-04-CH, Protocol 03-
SMOF-005, Protocol FE-SM-03-DE, Protocol 00-SMOF-002 ) were found 
satisfactory

o OPDP:  provided labeling comments which were considered during labeling 
negotiations.

o DMEPA:  Proprietary name Smoflipid acceptable.   “We note that you 
submitted your proposed proprietary name with the letters “SMOF” capitalized 
and the remainder of the name in lowercase letters. This mixed case 
presentation (tall man lettering) is typically reserved for differentiating look-
alike names that have been confused in the marketplace. Since Smoflipid is not 
a name that has been involved in drug name confusion or wrong drug errors, the 
letters “SMOF” in your proposed proprietary name should not be capitalized in 
your labels and labeling.”  The applicant agreed to the change.

There are no unresolved relevant regulatory issues

12. Labeling

 Proprietary name: Smoflipid was found acceptable.
 Established name, lipid injectable emulsion (consistent with current USP monograph) 

was found acceptable.
 Physician labeling

o DPMH (maternal health team) “recommends labeling language for 8.1 which 
conveys the paucity of clinical trial data on the benefit–risk of TPN 
administration during pregnancy; however, the labeling should also include a 
Clinical Considerations section that describes the use of TPN with a lipid 
infusion in instances where pregnant women are unable to consume adequate 
nutrients to maintain their weight.”  Further regarding lactation in labeling they 
have the following recommendations: There are no data on the safe use of TPN 
during lactation nor are there reports of serious adverse events. Therefore, the 
benefits of breastfeeding should be considered in a lactating woman receiving 
TPN. DPMH recommends labeling language which conveys to healthcare   
providers the need for a benefit/risk assessment of Smoflipid use during 
lactation”.  The team participated in the labeling discussions.

o DMFH (pediatric team)  
The pediatric consult recommended that “  

 information on pediatric studies should be restricted to 
section 8.4 Pediatric Use with the exception of specific risks that have been 

Reference ID: 3958325

(b) (4)

(b) (4)







NDA 207648                  Division Signatory Review
 Smoflipid (lipid injectable emulsion) 

32

 Recommendation for Postmarketing Requirements (as listed above, also see 
approval letter)
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