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A B S T R A C T   

Introduction: Subcutaneous (SC) formulations of therapeutics with recombinant human hyaluronidase PH20 
(rHuPH20) are currently approved across various disease indications. The rHuPH20-mediated enzymatic 
degradation of SC hyaluronan (HA) facilitates bulk fluid flow and dispersion of co-administered therapeutics. 
However, current methods of quantifying dispersion in the SC space are limited. Here, a novel method is outlined 
to quantify and follow rapid SC volumetric dispersion of a representative therapeutic fluid in the presence of 
rHuPH20 using computed tomography (CT). 
Methods: Ten Yucatan miniature swine were randomized to three groups. Animals received simultaneous in-
fusions of contrast agent (CA) alone (left side of the animal) or in combination with rHuPH20 (right side) at 
infusion rates of 2.5, 5, or 10 mL/min. Spiral CT scans (1.5 mm thickness) were conducted before and after the 
infusion and at regular time intervals throughout. Scans were used to create three-dimensional (3D) re-
constructions of the fluid pockets and analyze surface area, volume, and sphericity. 
Results: 3D reconstruction showed increased dispersion of CA with rHuPH20 compared with CA alone, with 
fenestration and increased dispersion in the craniocaudal and lateromedial directions. The CA with rHuPH20 
fluid pockets showed an average increase of 46% in surface area (p = 0.001), a 35% increase in volume (p =
0.001) and a 17% decrease in sphericity post-infusion compared with CA alone at 30 min post-infusion. 
Discussion: This exploratory study confirms the value of CT imaging as a non-invasive method of assessing real- 
time spatial and temporal behavior of SC-administered fluids. This technique could help to assess the dispersion 
pattern of novel rHuPH20 SC co-formulations.   

1. Introduction 

The subcutaneous (SC) delivery of therapeutics is becoming 
increasingly common across multiple disease areas including oncology, 
rheumatoid arthritis, multiple sclerosis, and primary immunodeficiency. 
When available, the SC route of administration is generally preferred by 
both healthcare providers and patients over intravenous (IV) infusion, 
owing to its less invasive nature, improved tolerability, increased con-
venience for patients, and reduced healthcare administration time, 
costs, and resource use (Awwad & Angkawinitwong, 2018; Bittner, 
Richter, Hourcade-Potelleret, Herting, & Schmidt, 2014; Bittner, 
Richter, & Schmidt, 2018; De Cock et al., 2016; Pivot et al., 2014; 
Richter & Jacobsen, 2014; Williams & Edwards, 2006; Wynne et al., 
2013). However, standard SC delivery systems are associated with 

volume limitations, with 2 mL generally considered the upper limit for 
rapid delivery in a single infusion (Hunter, 2008; Richter & Jacobsen, 
2014), whereas the clinical therapeutic dose of many therapeutics re-
quires administration of a volume in excess of 2 mL (Roche Roche, 2017; 
Takeda Pharmaceuticals, 2014). Standard SC delivery of large volumes 
of therapeutics can result in side effects including local pain and irrita-
tion, tissue distortion, and induration at infusion sites, causing 
discomfort and decreasing patient compliance for repeat infusions 
(Bittner, Richter, & Schmidt, 2018; Bookbinder et al., 2006; Hunter, 
2008). The alternative of fractionating large SC volumes into multiple 
doses or delivery sites is more time-consuming, inconvenient for both 
the patient and healthcare provider, can be more painful for the patient, 
and can reduce the reproducibility of therapeutic serum levels at 
different administrations (Bittner, Richter, & Schmidt, 2018). 
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Hyaluronan (HA), a naturally occurring glycosaminoglycan, is one of 
the main components of the extracellular matrix in SC connective tissue 
and plays an important role in limiting SC drug delivery. HA forms a 
“gel-like” substance with water, reducing the movement of fluids in the 
SC space and creating a barrier to fluid flow (Frost, 2007). HA is syn-
thesized by hyaluronan synthases and degraded by hyaluronidase en-
zymes as part of normal physiological processes, with approximately 
one third of the total HA content in the body turned over every 24 h 
(Jadin, Bookbinder, & Frost, 2012; Stern, 2003; Vigetti, Viola, Karousou, 
Luca, & Passi, 2014). Animal-derived hyaluronidases have a long history 
of use to improve the dispersion and absorption of subcutaneously 
administered therapeutics (Atkinson, 1949; Watson, 1993). 

Recombinant human hyaluronidase PH20 (rHuPH20) is a highly 
purified recombinant human form of the PH20 enzyme comprising 
human, rather than animal, amino acid sequences to minimize the risk of 
allergenicity associated with the animal preparations (Baumgartner, 
Gomar-Hoss, Sakr, Ulsperger, & Wogritsch, 1998; Locke, Maneval, & 
LaBarre, 2019; Yocum, Kennard, & Heiner, 2007). The action of 
rHuPH20 in the SC space has been shown to be local and transient, with 
degradation of HA resulting in a temporary reduction of the resistance to 
fluid flow (Bookbinder et al., 2006; Frost, 2007). The degradation of SC 
HA thus currently allows administration of up to 600 mL, and theoret-
ically greater volumes, per infusion in a single site, enabling the 
increased dispersion and absorption of subcutaneously administered 
therapeutics (Bookbinder et al., 2006; Vaughn & Muchmore, 2011; 
Wasserman, 2012; Takeda Pharmaceuticals, 2014) (Fig. 1), while 
minimizing potential disadvantages of SC delivery. 

A focused biodistribution study in NCr nu/nu mice injected with 
rHuPH20 confirmed that rHuPH20 has a short half-life of 13–20 min in 
the skin (Kang, et al. Unpublished results). In agreement with these re-
sults, dye dispersion studies found that rHuPH20 delivered at one site 
did not impact dye dispersion at a distal skin site (Kang, et al. Unpub-
lished results). In addition, no meaningful rHuPH20 activity was 
observed in lymph tissue or in plasma, suggesting that rHuPH20 is not 
transported in meaningful quantities outside the SC tissues (Kang, et al. 
Unpublished results). Currently, rHuPH20 is applied as part of six 
commercially available products. Hylenex® recombinant (Halozyme 
Therapeutics, Inc., San Diego, CA), a hyaluronidase human injection 
(rHuPH20 alone; available in the US), is used as a tissue permeability 
modifier (Halozyme Therapeutics, Inc, 2016). The other five products 
(available in the EU/US) are: HyQvia®/HYQVIA® (IgG with hyaluron-
idase; Takeda Pharmaceuticals, Tokyo, Japan), for the treatment of 
primary immunodeficiency (Baxalta Innovation GmbH, 2018; Takeda 
Pharmaceuticals, 2014); Herceptin® SC/HERCEPTIN HYLECTA™ 
(trastuzumab with hyaluronidase; Roche Products Ltd., Basel, 
Switzerland), for the treatment of HER2+ breast cancer (Roche Regis-
tration GmbH, 2018a, 2018b); PHESGO® (US only; pertuzumab, tras-
tuzumab, and hyaluronidase; Genentech Inc., South San Francisco, 
California, USA), for the treatment of HER2+ breast cancer (Genentech 
Inc, 2020); MabThera® SC/RITUXAN HYCELA® (rituximab with hyal-
uronidase; Roche, Basel, Switzerland), for the treatment of chronic 
lymphocytic leukemia and some subtypes of non-Hodgkin’s lymphoma 
(Biogen and Genentech USA Inc, 2017; Roche Registration GmbH, 
2018a, 2018b), and DARZALEX FASPRO™/DARZALEX® SC (dar-
atumumab with hyaluronidase; Janssen Biotech, Horsham, Pennsylva-
nia, USA), for the treatment of multiple myeloma (Genmab, 2020; 
Janssen Biotech Inc, 2020). Several other approved therapeutics and 
investigational products in the areas of hematology and immuno- 
oncology are also in clinical development with rHuPH20 (Locke, Man-
eval, & LaBarre, 2019). 

As rHuPH20 is being applied to a range of co-administered thera-
peutics, there is an increasing interest in quantifying its effect on fluid 
dispersion in the SC space to further understand the mechanics of 
rHuPH20-mediated fluid dispersion and improve the development of 
future SC formulations of therapeutics. In this exploratory study, we 
sought to use computed tomography (CT) to quantitatively measure the 

SC volumetric dispersion of a representative therapeutic fluid with and 
without rHuPH20. This methodology allows characterization of spatial 
drug distribution in three dimensions (3D) following SC infusion of co- 
administered therapeutics (Thomsen et al., 2012). The study was con-
ducted in a swine model, which is considered representative of the 
human SC space (Richter & Jacobsen, 2014). 

2. Methods 

2.1. Ethics 

This study was approved by SNBL USA Ltd. Institutional Animal Care 
and Use Committee and was carried out in compliance with the National 
Institutes of Health guide for care and use of laboratory animals (Na-
tional Research Council, 2011). 

2.2. Animals and materials 

The study used 10 female, purpose-bred, naïve Yucatan miniature 
swine (Sus scrofa domestica). Animals were litter matched, aged between 
3 and 4 months and were acclimated to the study room for a minimum of 
5 days before receiving SC infusions. Body weights of the animals ranged 
from 12.1 to 18.3 kg on the day of dosing (Day 1). 

For the purposes of the study, the contrast agent iodixanol (Visipa-
que; GE Healthcare, Inc., Marlborough, MA) was used as a surrogate 
representative therapeutic fluid. The solution used (hereafter referred to 
as contrast agent [CA]) contained 550 mg/mL iodixanol, equivalent to 
270 mg/mL iodine along with 0.074 mg/mL calcium chloride dihydrate 
and 1.87 mg/mL sodium chloride, to create an isotonic solution for in-
jection (GE Healthcare Inc, 1996). The solutions investigated in the 
study were CA alone, or CA co-mixed with rHuPH20 at a final concen-
tration of 2000 U/mL, for a total infusion volume of 10 mL. 

The dispersion of CA was monitored by sequential CT scanning using 
a SOMOTOM® CT Scope (Siemens Healthcare GmbH, Erlangen, Ger-
many). The scanning parameters used were as follows: spiral CT scan 
with slice thickness of 1.5 mm, 110 kV potential, 100 mAs, 1.0 s rotation 
time, 1.05 pitch level, and B31s medium smooth plus kernel. 

2.3. Study design 

The ten animals were randomized to three study groups in a weight- 
stratified manner to ensure average body weights were comparable 
between groups. The number of animals per group was selected to 
properly characterize responses related to rHuPH20 at different infusion 
rates. Three animals received infusions at 2.5 mL/min, three animals 
received infusions at 5 mL/min and four animals received infusions at 
10 mL/min, while maintaining the same total volume of infusion. 

On Day 1, the animals were anesthetized using an intramuscular 
injection of Telazol® (tiletamine hydrochloride and zolazepam hydro-
chloride) and maintained on isoflurane gas for the duration of the 
infusion. Once anesthetized, the animals were placed on the CT scanner 
in dorsal recumbence and were immobilized with the head pointing 
away from the scanner gantry. Each animal received two simultaneous 
10 mL SC infusions of CA, either alone (left side of the animal) or in 
combination with rHuPH20 (right side of the animal), at either 2.5, 5, or 
10 mL/min depending on the treatment group (Table 1). Infusion nee-
dles (23G) were inserted subcutaneously on the lower abdominal region 
(Fig. 2). 

Spiral CT scans with slice thickness of 1.5 mm were conducted before 
the initiation of dosing and at the specified time intervals during and 
after infusion (Table 1). The volume and surface area of CA in the SC 
space were measured at each imaging timepoint. Images were obtained 
throughout the infusion and at 1, 2, 4, 6, 8, 10, 12 (except for one animal 
in the 2.5 mL/min treatment group), 15, 17, 20, 25, and 30 min post- 
infusion. Upon completion of the CT scans the animals were eutha-
nized by an overdose of euthanasia solution while still under anesthesia. 
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Fig. 1. rHuPH20 mechanism of action. (A) HA is a naturally occurring glycosaminoglycan present in the extracellular matrix of the SC space; (B) degradation of HA 
by rHuPH20 can reduce resistance to bulk fluid flow and; (C) enhance permeation of co-administered therapeutics. 
HA, hyaluronan; rHuPH20, recombinant human hyaluronidase PH20; SC, subcutaneous. 
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2.4. 3D reconstructions 

A series of 3D representative reconstructions were prepared from 
scans of the animals at four post-infusion timepoints (0, 10, 20, and 30 
min) to compare the changing sizes and shapes of the fluid pockets over 
time. The lower threshold used for the analysis of the CT data was 180 
Hounsfield units (HU) and the upper threshold was 4000 HU. The lower 

threshold was chosen to capture the surface of the CA at a concentration 
that allowed it to be distinct from the surrounding tissue; the upper 
threshold of 4000 HU represents a value in excess of the densest tissue 
and was a necessary parameter to capture the fluid pocket as a region of 
interest (ROI). ROIs were captured using Horos software (Nimble Co 
LLC, Annanapolis, MD). 

2.5. Image analyses and calculations 

A veterinary imaging consultant (Veterinary Imaging Center of San 
Diego, San Diego, CA) provided evaluation and calculation of the 
dispersion of the CA with and without rHuPH20 over time. Volumes and 
surface areas were calculated as a function of time and rHuPH20 status 
(presence or absence), using Blender® software version 2.79 (Blender 
Foundation, Amsterdam, Netherlands). Data were recorded and 
analyzed using Microsoft Excel® (Microsoft Corporation, Redmond, 
WA) and statistical analyses were carried out using Prism version 7 
(GraphPad, San Diego, CA). Unpaired t-tests were used for analyses of 
surface area, volume, and sphericity. 

To assess the overall shapes of the post-infusion fluid pockets, the 
sphericity of the pockets was evaluated. Sphericity is a measure of how 
closely the shape of an object approaches that of a mathematical sphere, 
ranging from 0 (non-spherical) to 1.0 (completely spherical). This 
unitless metric allows for a mathematical description of the dispersion 
patterns of a representative therapeutic fluid over time. Sphericity was 
determined at each timepoint using the following formula (Wadell, 
1935): 

Sphericity = Ψ =
(36π)

1
3 V

2
3
C

AC  

where VC = Volume of CA; AC = Surface area of CA; and it is assumed the CA 
objects are simply connected domains with no holes. 

3. Results 

3.1. Dispersion of CA with and without rHuPH20 

Administration of the CA with rHuPH20 resulted in minimal post- 
infusion swelling, with a fluid pocket that was considerably flatter and 
wider compared with administering CA alone (Fig. 3A). Analyses of 
post-infusion dispersion based on 3D reconstruction (with animal torso 
included) showed that the peripheral contour of rHuPH20-facilitated CA 
was highly fenestrated, dispersing in the craniocaudal and lateromedial 
directions. In comparison, the infusion of CA alone was relatively 

Table 1 
Summary of (A) study groups and imaging timepoints, and (B) statistics at 30 min post-infusion.  

(A) 

Group Infusion flow rate (mL/min) CT scan imaging timepoint during infusion (sec) CT scan imaging timepoint post-infusion (min) 

1 2.5 Pre, 24, 48, 72, 96, 120, 144, 168, 192, 216, 240 1, 2, 4, 6, 8, 10, 15, 17, 20, 25, 30 
2 5 Pre, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120 1, 2, 4, 6, 8, 10, 12, 15, 17, 20, 25, 30 
3 10 Pre, 12, 24, 36, 48, 60 1, 2, 4, 6, 8, 10, 12, 15, 17, 20, 25, 30   

(B)  

Infusion flow rate (mL/min) n CA Alone CA + rHuPh20 Difference (%) Statistical test 95% CI (range) p-value 

Mean SD Mean SD 

Surface Area all 10 6778 mm2 431 9911 mm2 678 46 unpaired  
t-test 

38–54% < 0.0001 

Volume all 10 27,175 mm3 2127 36,609 mm3 2435 35 unpaired  
t-test 

27–43% < 0.0001 

Sphericity all 10 0.646 0.040 0.539 0.023 − 17 unpaired  
t-test 

− 12 to − 21% < 0.0001 

CT, computed tomography. 
95% CI, 95% confidence interval; CA, contrast agent; rHuPH20, recombinant human hyaluronidase PH20. 

Fig. 2. Location of SC infusions of the CA either alone (left side of the Yucatan 
miniature swine) or in combination with rHuPH20 (right side of the Yucatan 
miniature swine), using an animal from the 2.5 mL/min flow rate group as an 
example. 
SC, subcutaneous; CA, contrast agent; rHuPH20, recombinant human hyal-
uronidase PH20. 
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unchanged, with a well-defined peripheral margin (Fig. 3B). Increasing 
the density threshold used for image analyses allowed reconstruction of 
CA dispersion with and without rHuPH20, while demonstrating the fluid 
pocket’s spatial relationship to the high-density animal skeleton 
(Fig. 3C). 

3.2. Changes in the volume and surface area of the fluid pockets over time 

The volume and surface area of rHuPH20-facilitated infusions 
increased throughout the post-infusion period (monitored for up to 30 
min after infusion), while the volume and surface area of CA alone 
showed only minor increases during this time period (Fig. 4). At the 30- 
min post-infusion timepoint, averaged across infusion rates, rHuPH20- 
facilitated infusions showed a significant 46% increase in surface area 
and a significant 35% increase in volume compared with CA alone 
(surface area: unpaired t-test, p < 0.0001, 95% CI: 38–54%; volume: 
unpaired t-test; p < 0.0001, 95% CI: 27–43%) averaged across infusion 
rates (Table 1B). 

3.3. Changes in length, width, and height of the fluid pockets over time 

Compared with infusions of CA alone, infusions of CA combined with 
rHuPH20 showed enhanced dispersion across craniocaudal (length; 

Fig. 5A) and lateromedial (width; Fig. 5B) dimensions, accompanied by 
greater decreases in height (Fig. 5C) of the fluid pockets over time. The 
lengths and widths of the fluid pockets continued to increase throughout 
the post-infusion period for rHuPH20-facilitated infusions of CA, while 
infusions of CA alone showed only minor increases in these dimensions 
(Fig. 5A and B). Meanwhile, the heights of the fluid pockets were found 
to decrease much more rapidly for infusions of CA with rHuPH20 than 
for infusions of CA alone (Fig. 5C). Increasing the infusion rate from 2.5 
mL/min to 5 mL/min or 10 mL/min did not result in changes in width or 
height of the fluid pockets for CA alone or with rHuPH20, during or post- 
infusion. 

3.4. Sphericity of post-infusion fluid pockets for CA with and without 
rHuPH20 

Infusions of CA with rHuPH20 showed a continuous decrease in 
sphericity post-infusion, while the sphericity of the infusion pockets of 
CA administered alone remained relatively unchanged over the post- 
infusion period (Fig. 6). At the 30-min post infusion timepoint, 
rHuPH20-facilitated infusions showed a significant 17% decrease in 
sphericity compared with CA alone, averaged across infusion rates 
(unpaired t-test, p < 0.0001, 95% CI: 12–21%; Table 1B). 

Fig. 3. Dispersion of a CA being subcutaneously infused with and without rHuPH20. (A) Administration of the CA with rHuPH20 resulted in minimal post-infusion 
swelling compared with administration of the CA alone; (B) 3D reconstruction of CA dispersion with the density threshold adjusted to include the structure of the 
animal surfaces; (C) 3D reconstruction of CA dispersion at 30 min post-infusion, with the density threshold adjusted to visualize only the infusion set, fluid pockets, 
and bone for reference using an animal from the 2.5 mL/min flow rate group as an example. 
3D, 3-dimensional; CA, contrast agent; rHuPH20, recombinant human hyaluronidase PH20. 
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3.5. 3D reconstruction of post-infusion time course for CA with and 
without rHuPH20 

Dispersion of CA with rHuPH20 occurred rapidly, with an increase in 
fluid pocket volume occurring within the first 10 min after infusion and 

continuing throughout the entire post-infusion period (30 min; Fig. 7 
and Supplemental online animation). The shapes of the CA fluid pockets 
with rHuPH20 administration were also significantly flatter than those 
of infusions of CA on its own, which only showed a very gradual increase 
in volume and minimal changes in height. 

Fig. 4. Comparison of SC fluid pocket volumes and surface areas of CA with and without rHuPH20 (10 mL) over time for different infusion rates. (A) 2.5 mL/min; (B) 
5 mL/min; (C) 10 mL/min. The averages (mean) of each infusion rate group ±95% CI are reported. 
95% CI, 95% confidence interval; CA, contrast agent; rHuPH20, recombinant human hyaluronidase PH20; SC, subcutaneous. 

Fig. 5. Comparison of the average (A) length, (B) width, and (C) height of the fluid pockets of CA infusions (10 mL) from all flow rates with and without rHuPH20 
over time post-infusion. The average (mean) across all animals ±95% CI are reported. 
95% CI, 95% confidence interval; CA, contrast agent; rHuPH20, recombinant human hyaluronidase PH20. 
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4. Discussion 

Although SC infusion is becoming a common route of administration 
for biotherapeutics (Bittner, Richter, & Schmidt, 2018), particularly if 
frequent treatments, long-term regimens, or self-administration are 
required, current knowledge about the dispersion of therapeutics in the 
SC space is limited. High-resolution imaging techniques that can provide 
real-time images have proven effective in studying drug permeation and 
diffusion in the SC space (Jockel, Roebrock, & Shergold, 2013; Kim, 
Park, & Lee, 2017; Thomsen et al., 2012). In the current study, using CT 
imaging, we were able to quantitatively measure the size, volume, and 
shape of the SC dispersion of a surrogate therapeutic fluid with and 
without rHuPH20 over time. 

Using 3D imaging, we were able to demonstrate that, compared with 
administering CA alone, both the surface area and volume of rHuPH20- 
facilitated SC infusions of CA were significantly increased in the post- 
infusion SC space for all three infusion flow rates tested, confirming 
that rHuPH20 enhances the local dispersion of subcutaneously admin-
istered fluids. The increased dispersion of CA into the SC space occurs as 
the result of rHuPH20-mediated enzymatic degradation of HA. The 
observed increase in fluid pocket volumes beyond the administered 10 
mL at time = 0 min, was likely a result of the decreasing density of CA as 
it spread through the SC space and an increase in space between CA 
molecules. Due to the thresholds used in the CT scans, minor changes in 
CA density could not be discriminated, only the outer edges of the fluid 
pocket. 

The study also allowed for evaluation of the fluid pocket shape with 
and without rHuPH20. The fluid pockets for rHuPH20-faciliated in-
fusions were flatter and wider than for infusions without rHuPH20, as a 
result of the greater decrease in the height of rHuPH20-faciliated in-
fusions. This was accompanied by continual increases in the cranio-
caudal and lateromedial dimensions compared with infusions of CA 

alone. The decrease in sphericity observed in the rHuPH20-faciliated 
infusions compared with infusions of CA alone, mathematically de-
scribes this 3-dimensional dispersion pattern. Ultimately, the changes in 
the shape of the fluid pockets with rHuPH20 co-administration translate 
into reduced swelling around the infusion site. 

In this study, the impact of infusion duration was controlled for by 
assessing three different infusion rates while maintaining the same total 
infusion volume of CA, either with or without rHuPH20. Following 
infusion with either rHuPH20 and CA or CA alone, all three infusion 
rates showed similar results for surface area, volume and sphericity of 
the post-infusion fluid pocket, demonstrating that rHuPH20 works to 
increase dispersion independent of the infusion rate. 

The purpose of this study was to evaluate the value of CT imaging as 
a non-invasive method of assessing real-time spatial and temporal 
behavior of SC-administered fluids in the presence of rHuPH20. Through 
the use of CT, these results suggest that dispersion occurs via fluid flow 
in the SC space between the dermis and the muscle layer. The quanti-
tative findings were supported by gross observations of the animals in 
this study. Infusions of CA combined with rHuPH20 resulted in either no 
visible swelling at the infusion sites, or mild swelling that was soft and 
only detectable by touch. Conversely, infusions of CA alone produced 
hard swelling that was easily visible. None of the animals showed intra- 
abdominal abnormalities after administration of rHuPH20-faciliated 
infusions or CA alone. 

While conducted in an animal model, this study was designed to be 
translatable to the clinical setting. The selection of a contrast agent 
based on a macromolecule (iodixanol) with a high viscosity (12.7 cP) 
allowed it to be treated as surrogate of a therapeutic, as therapeutics are 
often formulated to high concentrations, and, consequently, high vis-
cosity, to allow administration of smaller volumes (Tomar, Kumar, 
Singh, Goswami, & Li, 2016). In addition, the dose of rHuPH20 (2000 U/ 
mL) evaluated in this study is consistent with the dose used in Food and 

Fig. 6. Sphericity of post-infusion fluid pockets of CA with and without rHuPH20. Trendlines are based on a moving average with an interval of 2. The average 
(mean) across all animals ±95% CI are reported. 
95% CI, 95% confidence interval; CA, contrast agent; rHuPH20, recombinant human hyaluronidase PH20. 
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Drug Administration-approved therapeutics (e.g. RITUXAN HYCELA® 
and HERCEPTIN HYLECTA™) (Roche, 2017; Roche Products Ltd, 2019). 
Purpose-bred Yucatan miniature swine (Sus scrofa domestica) were 
chosen for their wide acceptance as the most appropriate non-human 
organism for modeling human skin anatomy, and their use has been 
validated in previous imaging and SC drug delivery studies (Jockel, 
Roebrock, & Shergold, 2013; Kang, Oh, Fu, Anderson, & Zepeda, 2013; 
Lunney, 2007). Furthermore, their size makes them well suited to im-
aging studies that may be challenging to conduct in small animal 
models, and allows the delivery of a clinically relevant volume of a 
therapeutic agent (Lunney, 2007). To reduce variation between animals, 
the animals in this exploratory study were sex, age and litter matched. A 
study sample size of 10 animals (n = 3–4 per group) was chosen to allow 
for the constraints of litter size and raising animals to young 
adolescence. 

The quantification of the increased dispersion of a representative 
therapeutic fluid with rHuPH20 is potentially clinically relevant. As 
previous studies have demonstrated, by increasing the dispersion of SC 
infusions and decreasing the associated swelling, rHuPH20-facilitated 
drug delivery can enable larger volumes to be rapidly delivered subcu-
taneously with a lower risk of infusion site reactions and induration, 
potentially improving safety, comfort, and patient compliance for repeat 
infusions (Bookbinder et al., 2006; Thomas et al., 2009; Vaughn & 

Muchmore, 2011; Wasserman, 2012). 
The study confirms the value of CT imaging as a non-invasive tech-

nique to assess the real-time spatial and temporal behavior of subcuta-
neously administered therapeutics. The techniques used here to quantify 
and model the dispersion of fluid in the SC space could be applied to 
assess the volumes, concentrations and administration rates of other 
new SC therapeutics, as well as the development of rHuPH20 co- 
formulations. 

5. Conclusions 

The results from this exploratory study provide a novel method of 
characterizing rapid fluid dispersion in the SC space with rHuPH20 
using CT imaging. Using this technique, we showed that in comparison 
with CA alone, rHuPH20 significantly increased the post-infusion sur-
face area and volume in the SC space for all flow rates. Administration of 
rHuPH20 with CA also resulted in a flatter, wider fluid pocket than 
infusion of CA without rHuPH20. In addition, the fluid pockets resulting 
from infusions of CA with rHuPH20 showed a continual decrease in 
sphericity over time, whereas the fluid pockets of CA without rHuPH20 
showed no change in sphericity and remained relatively static. Together 
the results demonstrate how rHuPH20 can facilitate the SC adminis-
tration of large volumes of a representative therapeutic fluid with 

Fig. 7. Time course of post-infusion CA with and without rHuPH20 at an infusion rate of 5 mL/min. 
CA, contrast agent; rHuPH20, recombinant human hyaluronidase PH20. 
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reduced swelling, compared with a representative therapeutic fluid 
administered alone, with dispersion likely occurring via fluid flow in the 
SC space between the dermis and the muscle layer. The study confirms 
the value of CT imaging to assess the dispersion of subcutaneously 
administered therapeutics and supports the use of the techniques in 
future studies. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.vascn.2020.106936. 
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