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[bookmark: _Hlk49158549]SUMMARY OF PRODUCT CHARACTERISTICS

for

Sonazoid, powder and solvent for dispersion for injection 

0.	D.SP.NO.
34807

1.	NAME OF THE MEDICINAL PRODUCT
Sonazoid

2.	QUALITATIVE AND QUANTITATIVE COMPOSITION
Following reconstitution in 2 mL of solvent the dispersion contains 16 µL of perflubutane microbubbles. 1 mL of the dispersion contains 8 µL of perflubutane microbubbles.

For the full list of excipients, see section 6.1.

3.	PHARMACEUTICAL FORM
Powder and solvent for dispersion for injection.

Sonazoid is a freeze-dried medicinal product that is dispersed in the provided reconstitution solvent before use. 
The pH of the reconstituted product is 5.7-7.0.
The osmotic ratio in the reconstituted product is 0.9-1.1 (compared to an isotonic sodium chloride solution).


4.	CLINICAL PARTICULARS

4.1	Therapeutic indications
[bookmark: _Hlk214960702]This medicinal product is for diagnostic use only. 
[bookmark: _Hlk213959885]Sonazoid is an ultrasound contrast agent for use in the vascular phase and the Kupffer phase for ultrasound imaging, for detection and characterization of focal hepatic lesions.
Sonazoid should only be used in patients where study without contrast enhancement is inconclusive.

4.2	Posology and method of administration
This medicinal product should only be used by physicians or other qualified healthcare personnel, experienced in ultrasound diagnostic imaging. Emergency equipment and personnel trained in its use must be readily available.

Posology
The recommended adult dosage is up to one vial of the product containing 16 µL of perflubutane (PFB) microbubbles (MB) dispersed in 2 mL of the accompanying sterile water for reconstitution to make a 0.015 mL/kg dispersion. The product is for intravenous use only and the recommended dosage is as per the table below.
The recommended clinical dose is 0.12 µL PFB microbubbles/kg body weight.
Refer to the table below for weight-based dosages.

	Body Weight (kg)
	40
	50
	60
	70
	80
	90
	100

	Dosage
	Dispersion (mL)
	0.60
	0.75
	0.90
	1.05
	1.20
	1.35
	1.50

	
	PFB microbubbles (µL)
	4.8
	6.0
	7.2
	8.4
	9.6
	10.8
	12.0

	
	
	
	
	
	
	
	
	



Elderly
The recommended dose for adults can be used.

Paediatric population
The safety and efficacy of this medicinal product has not been established in the paediatric population. No data is available.

Method of administration 
The reconstituted product is for intravenous use. No special preparation of the patient is required. Ultrasound imaging must be performed during the injection of Sonazoid as the optimal contrast effect is obtained immediately after administration. The intravenous line must be flushed immediately with 5-10 mL sodium chloride 0.9% solution for injection to ensure complete administration of the contrast agent.

[bookmark: _Hlk213670362]For instructions on reconstitution of the medicinal product before administration, see section 6.6.

4.3	Contraindications
Hypersensitivity to the active substance or to any of the excipients listed in section 6.1.

4.4	Special warnings and precautions for use
The possibility of hypersensitivity, including serious, life-threatening anaphylactoid reaction / anaphylactoid shock should always be considered. Advanced life support facilities should be readily available. It is recommended that all patients remain under close medical supervision during and for at least 30 minutes after administration of Sonazoid to monitor for the risk of serious hypersensitivity reactions.

[bookmark: _Hlk214959792]Sonazoid contains 0.2 mg of a chicken egg-derived surfactant (hydrogenated egg phosphatidylserine sodium; H-EPSNa) per dose. In patients with a history of allergy to eggs or egg products, use Sonazoid only if the benefit clearly outweighs the potential risk.

Care should be taken in patients with right to left arteriovenous cardiac or pulmonary shunt, as Sonazoid enters the circulation directly without passing through the lungs.  
Ultrasound contrast media should be administered with care in patients with unstable heart conditions or serious coronary arterial disease. Sonazoid should be administered with care in patients with serious pulmonary disease as this medicinal product is primarily excreted by the lungs.

Ultrasonography with Sonazoid may be negatively affected by excessive intraabdominal gas following laparoscopy, a barium swallow exam using a foaming agent or other gastrointestinal examinations.

Potential image interpretation errors
As for any imaging modality, caution must be taken for atypical findings and image interpretation should be made in conjunction with the patient’s clinical presentation and all available diagnostic information. 
Sonazoid Kupffer phase imaging reflects presence of Kupffer cells, which will appear as post-vascular phase enhancement. Benign lesions (e.g. high-flow hemangiomas nodules) may display an atypical hypo-enhancement, while malignant lesions (e.g. early or well-differentiated hepatocellular carcinoma) may display atypical, sustained enhancement. Kupffer phase interpretation should always be evaluated together with the vascular phases and unenhanced ultrasound imaging, to avoid misinterpretation as false positive or false negative respectively. 
Ultrasound findings should be interpreted with other diagnostic modalities or follow‑up imaging, where clinically appropriate. 

Excipients 
[bookmark: _Hlk213749251]This medicinal product contains less than 1 mmol sodium (23 mg) per dose, i.e. essentially ‘sodium-free’.

4.5	Interaction with other medicinal products and other forms of interaction
Drug interaction studies have not been performed in humans. A drug interaction study performed in vitro did not show any effects of Sonazoid on the most common anti-thrombotic medicinal products, when administered at concentrations corresponding to the recommended clinical dose.  

4.6	Fertility, pregnancy and lactation

Pregnancy
The safety of Sonazoid for use during human pregnancy has not been established. Animal studies do not indicate reproductive toxicity (see section 5.3). Sonazoid should not be used during pregnancy unless the benefit outweighs the risk.  

Breastfeeding
It is unknown whether Sonazoid is excreted in human milk, or if the breast-fed child may be affected.  Caution should be exercised when Sonazoid is administered to breast-feeding women.

4.7	Effects on ability to drive and use machines
No traffic warning.
Not relevant.

4.8	Undesirable effects
Adverse reactions to Sonazoid are usually non-serious. Reported adverse reactions following the use of Sonazoid were mild to moderate with subsequent full recovery. The most commonly noted adverse reactions were headache, injection site pain, diarrhoea, nausea, vomiting, abdominal pain, transient altered taste and fever. 
Cases of hypersensitivity reactions have been reported uncommonly, anaphylactic and anaphylactoid responses have been reported post-marketing.

The frequencies of undesirable effects are defined as follows:
Very common (≥1/10), common (≥1/100 to <1/10), uncommon (≥1/1,000 to <1/100), rare (≥1/10,000 to <1/1,000), very rare (<1/10,000) and not known (cannot be estimated from the available data).

The listed frequencies are based on the clinical trial database for Sonazoid comprising more than 2,800 patients.
The undesirable effects recognized for Sonazoid are listed in the table below:

	System Organ Class
	Undesirable effects
	Frequency 

	[bookmark: OLE_LINK1]Immune system disorders
	Hypersensitivity, including mild allergic reaction, conjunctivitis, rhinitis
	[bookmark: OLE_LINK2]Uncommon

	
	Anaphylactic and/or anaphylactoid responses
	Not known

	Nervous system disorders
	Headache, dizziness, dysgeusia
	Uncommon

	
	Disturbance in attention
	Rare

	Gastrointestinal disorders
	Diarrhoea, vomiting, nausea, abdominal pain
	Uncommon

	
	Dry mouth
	Rare

	Vascular disorders
	Flushing
	Uncommon

	
	Peripheral coldness

	Rare

	General disorders and administration site conditions
	Injection site pain, injection site reaction, fever
	Uncommon

	Skin and subcutaneous tissue disorders
	Rash
	Uncommon

	
	Pruritus
Erythema
	Rare

	Investigations
	Blood pressure increased
Blood lactate dehydrogenase increased
	Uncommon

	
	Heart rate increased
	Rare

	Blood and lymphatic system disorders
	Thrombocytopenia
Neutropenia
	Rare

	Musculoskeletal and connective tissue disorders
	Myalgia
	Rare

	Renal and urinary disorders
	Glycosuria
	Rare

	
	Proteinuria
	Uncommon

	Metabolism and nutrition disorders
	Hyperglycaemia
	Rare



Results from clinical trials indicate no age-related increase in the incidence of adverse events or adverse drug reactions in elderly patients.

Reporting of suspected adverse reactions
Reporting suspected adverse reactions after authorisation of the medicinal product is important. It allows continued monitoring of the benefit/risk balance of the medicinal product. Healthcare professionals are asked to report any suspected adverse reactions via:

Lægemiddelstyrelsen
Axel Heides Gade 1
DK-2300 København S
Website: www.meldenbivirkning.dk

4.9	Overdose
There have been no cases of overdose reported to date. Doses up to 2.7 microliter MB / kg i.e. more than 22 times the recommended dose were given in phase 1 studies without the occurrence of any significant adverse events in closely monitored patients.

4.10	Legal status
BEGR (only for hospitals)


5.	PHARMACOLOGICAL PROPERTIES

5.1	Pharmacodynamic properties	
Pharmacotherapeutic group: Ultrasound contrast media, ATC code: V08D A06.

Mechanism of action
The active substance of this medicinal product is perflubutane microbubbles, which can cross the pulmonary capillary bed after intravenous injection to reach the left side of the heart and subsequently circulate throughout the body. The radiated ultrasonic waves are efficiently backscattered from the surface of the microbubbles, thus enhancing the blood vessel images. In the diagnosis of hepatic mass lesions, differential diagnosis (qualitative diagnosis) can be performed by way of vascular imaging to visualize vessels in, on, and around a lesion immediately after administration. In addition, part of the microbubbles in this product are taken up by the reticuloendothelial system (Kupffer cells in the case of the liver), thereby enhancing the contrast between healthy tissue and tumours, which do not possess a reticuloendothelial system, from 5 to 10 minutes after administration. This makes it possible to diagnose the presence of tumours in what is known as Kupffer-phase imaging.

The product's contrast effect is obtained by vascular-phase imaging immediately after administration and by Kupffer-phase imaging (hepatic parenchymal enhancement) about 10 minutes after administration. To ensure proper imaging in the Kupffer phase, imaging should be dispersed after the vascular phase to prevent disintegration of the microbubbles. The presence of Kupffer cells within hepatic mass lesions may make it difficult to distinguish the focus in the Kupffer-phase imaging following administration of the medicinal product, so pre-contrast ultrasound images should be used as a reference.

Clinical efficacy and safety
Study 723-04
A phase 3 study was performed to demonstrate improvement in characterisation (during vascular phase) and detection (during Kupffer phase) of focal liver lesions when using perflubutane microbubbles during ultrasound assessment compared to ultrasound without contrast. The study enrolled 196 patients with untreated focal liver lesions. Vascular phase images were obtained before contrast injection until 1 minute after injection. Kupffer phase images were obtained 10 minutes after injection. Dual-phase CT was performed as determined by standard clinical practice. The outcome of the pre- and post-contrast ultrasound examinations, assessed by blinded reviewers, were compared with a final clinical diagnosis as the reference standard (e.g., contrast CT scan, contrast MRI scan, vascular imaging, pathology). 

Among the 190 patients included in the characterization analysis, the accuracy of contrast-enhanced ultrasound (88.9%) was significantly greater than that of unenhanced ultrasound (68.4%) (p < 0.001). 

The accuracy obtained in the different lesion types is presented in the table below.

Rate of correct diagnosis in characterization of focal liver lesions.
	Lesion Classification
	Unenhanced Ultrasound
	CEUS

	Overall
	68.4 (130/190)
	88.9 (169/190)

	Hepatocellular carcinoma
	77.7 (94/121)
	92.6 (112/121)

	Metastasis
	44.7 (17/38)
	78.9 (30/38)

	Hemangioma
	70.6 (12/17)
	100 (17/17)

	Other benign lesion
	44.4 (4/9)
	66.7 (6/9)

	Other malignant lesion
	60.0 (3/5)
	80.0 (4/5)


Note – Data are percentages. Numbers in parentheses are numbers of patients used for calculation of the percentages. Adapted from Moriyasu and Itoh 2009.

The improvements in sensitivity and specificity are shown in the table below.

Comparison of sensitivity and specificity of contrast-enhanced and unenhanced ultrasound in differentiation of malignant and benign tumours.
	
	Contrast-enhanced Ultrasound
	Unenhanced Ultrasound
	P value

	Sensitivity a
	98.8% [97.1, 100.0]
	89.6% [84.9, 94.3]
	p < 0.001

	Specificity b
	88.5% [76.2, 100.0]
	69.2% [51.5, 87.0]
	p = 0.096

	a: Percentage of malignant tumours diagnosed by reference
b: Percentage of benign tumours diagnosed by reference
	



Among the 191 patients in the detection analysis, the efficacy of contrast-enhanced ultrasound in detection of lesions was significantly higher than that of unenhanced ultrasound (p < 0.001), predominantly because more metastatic lesions were detected (both p < 0.001). There was a numerical improvement in specificity which did not reach statistical significance.

Study GE-045-002
A phase 3 supportive study was performed to compare the efficacy of perflubutane and sulphur hexafluoride in subjects with focal liver lesions. The study enrolled 424 patients randomised to perflubutane (n=218) and sulphur hexafluoride (n=206). The outcome of the pre- and post-contrast ultrasound examinations, assessed by blinded reviewers, were compared with a reference standard based on DCT, CE-MRI or biopsy for vascular imaging, CE-CT or CE-MRI for whole-liver imaging.
The accuracy improvement in diagnosis of target lesions (post-contrast vs pre-contrast) is presented in the table below, in the 338 evaluable patients.

The table presents comparable improvements in agreement in diagnosis of target lesions
for perflubutane and sulphur hexafluoride.

Summary of the agreement in diagnosis of target lesions (pre- and post-contrast to reference diagnosis).
	

Reader
	

Time Point
	
Reference
Diagnosis

	Perflubutane
	Sulphur hexafluoride

	
	
	
	
Benign
	
Malignant
	Overall
Agreement
	
Benign
	
Malignant
	Overall
Agreement

	1
	Pre-contrast
	Benign
	53
	32
	
69.8%
	59
	37
	
69.8%

	
	
	Malignant
	19
	65
	
	14
	59
	

	
	Post-contrast
	Benign
	64
	15
	
78.1%
	72
	18
	
81.5%

	
	
	Malignant
	20
	61
	
	11
	56
	

	2
	Pre-contrast
	Benign
	46
	39
	
70.4%
	66
	30
	
78.1%

	
	
	Malignant
	11
	73
	
	7
	66
	

	
	Post-contrast
	Benign
	68
	12
	
80.4%
	75
	16
	
84.2%

	
	
	Malignant
	20
	63
	
	9
	58
	

	3
	Pre-contrast
	Benign
	50
	35
	
72.2%
	62
	34
	
74.0%

	
	
	Malignant
	12
	72
	
	10
	63
	

	
	Post-contrast
	Benign
	65
	16
	
80.0%
	69
	24
	
78.4%

	
	
	Malignant
	17
	67
	
	11
	58
	


Note – As per the study protocol, reads post-contrast were performed without knowledge of the pre-contrast images by the blinded readers.

The results for sensitivity and specificity are shown in the table below. While specificity shows a significant numerical improvement post-contrast versus pre-contrast for both products (except for reader 3 for sulphur hexafluoride), no significant change in sensitivity was detected (except for reader 2 with a lower sensitivity for perflubutane).

Sensitivity and specificity provided by contrast-enhanced ultrasound using both sulphur hexafluoride and perflubutane versus pre-contrast unenhanced ultrasound.
	Reader
	Sensitivity%
	Specificity%

	
	Pre-contrast
	Post-contrast
	p-value
	Pre-contrast
	Post-contrast
	p-value

	
	Perflubutane group

	1
	77.4
	75.3
	0.83
	62.4
	81.0
	0.009

	2
	86.9
	75.9
	0.05
	54.1
	85.0
	<0.0001

	3
	85.7
	79.8
	0.23
	58.8
	80.2
	0.001

	
	Sulphur hexafluoride group

	1
	80.8
	83.6
	>0.99
	61.5
	80.0
	0.002

	2
	90.4
	86.6
	0.25
	68.8
	82.4
	0.03

	3
	86.3
	84.1
	0.59
	64.6
	74.2
	0.12


Note – Data are percentages. Exploratory p-values are provided.

5.2	Pharmacokinetic properties
The concentration of perflubutane in the blood upon a single intravenous administration of the product to healthy adults at doses of 0.024 µL MB/kg, 0.12 µL MB/kg (clinical dosage), and 0.60 µLMB/kg (0.003 mL/kg, 0.015 mL/kg, and 0.075 mL/kg respectively as a dispersion) attenuated rapidly after administration. The perflubutane concentration attenuated in two phases for the clinical dose of 0.12 µLMB/kg, with a half-life of 2.7 minutes in the 2–15-minute post-administration phase, and a half-life of 7.3 minutes in the 15–30-minute post-administration phase. Furthermore, the perflubutane concentration falls below the detection limit at 60 minutes after administration. 

Administered perflubutane is excreted in expired air. The concentration of perflubutane in expired breath upon a single IV administration of the product to healthy adults at doses of 0.024 µL MB/kg, 0.12 µL MB/kg (clinical dosage), and 0.60 µL MB/kg (0.003 ml/kg, 0.015 mL/kg, and 0.075 mL/kg respectively as a dispersion) was measured. All of the concentrations of perflubutane in expired breath were dose-dependent at the time they were measured. At the clinical dose of 0.12 µL MB/kg, the perflubutane concentration reached Cmax at 6 minutes after administration and fell below the detection limit at 2 hours after administration. At a dose of 0.024 µL MB/kg, the concentration of perflubutane in expired breath was below the detection limit for all subjects.

5.3	Preclinical safety data
Non-clinical data reveal no special hazard for humans based on conventional studies of safety pharmacology, genotoxicity and toxicity to reproduction.

In repeated dose studies in rats, reversible inflammatory findings in the lungs were observed at all dose levels. Similar findings were not observed in single dose studies in rats, or in single- or repeated dose studies in dogs at dose levels up to 8 µL/kg, corresponding to a human equivalent dose (HED) 36-fold the recommended clinical dose. The lung findings were considered to be of minimal clinical relevance, based on the recommended clinical dose. 

Some strains of rats and mice developed severe lesions in the caecal and caecocolic regions after intravenous injection of Sonazoid at clinically relevant doses. Milder lesions were also observed in dogs. The mechanism for these lesions has been elucidated and is not considered to constitute a risk to humans. The same lesions are also seen in mice and rats with other ultrasound contrast agent injections and are considered class related effects.


6.	PHARMACEUTICAL PARTICULARS

6.1	List of excipients

Powder
Hydrogenated egg phosphatidylserine sodium 
Sucrose

Solvent
Water for injections

6.2	Incompatibilities
In the absence of compatibility studies, this medicinal product must not be mixed with other medicinal products except the solvent provided. 



6.3	Shelf life
Sonazoid powder vial: 3 years.
Reconstituted product: Chemical and physical in-use stability has been demonstrated for 4 hours at room temperature (15 °C - 25 °C).
From a microbiological point of view, unless the method of opening/reconstitution precludes the risk of microbial contamination, the product should be used immediately.
If not used immediately, in-use storage times and conditions are the responsibility of user.

6.4	Special precautions for storage
Sonazoid kit: Store from 10 ºC to 30 ºC.
For storage conditions after reconstitution of the medicinal product, see section 6.3.

6.5	Nature and contents of container
Sonazoid is supplied as a kit containing:

· One Type I glass vial containing a dry, lyophilised powder in an atmosphere of perflubutane gas. The vial is closed with a rubber stopper (latex-free) and sealed with an aluminium cap.
· One 10 mL polyethylene ampoule of water for injections (WFI) with a low content of multivalent cations.
· One filter spike with 0.20 micrometer air filter and a 5 µm liquid filter.

6.6	Special precautions for disposal and other handling
Before use, examine the medicinal product to ensure that the container and sealing have not been damaged.
The vials are intended for single use only. 
Any unused product or waste material should be disposed of in accordance with local requirements.

Preparation 
After injecting the WFI from the accompanying ampoule into the vial (see illustration below - Instruction for use of sterile WFI ampoule) and preparing the dispersion, always use the accompanying filter spike to draw the product into the syringe. When drawing the product into the syringe and injecting it back into the vial, do so slowly to avoid excessive decompression/compression. The use of a solvent other than the accompanying reconstitution diluent may cause aggregates to form. 

· Open the accompanying reconstitution solvent: Wipe the ampoule with an ethanol disinfectant swab before opening to avoid contamination.
· Collect 2 mL of the accompanying WFI in an empty syringe.
· Insert the accompanying filter spike into the product (freeze-dried dosage form).
· Attach the syringe with WFI to the filter spike, inject 2 mL of the WFI into the vial, and then immediately shake for one minute with the syringe still attached.
· Some of the WFI will remain in the dead space inside the filter spike, so draw the complete volume of the dispersion (2 mL) into the syringe once, then inject it all back into the vial.
· Attach the syringe for collecting the dispersion to the filter spike and draw the required dose into the syringe.

Instruction for use of sterile WFI ampoule

[image: Sonazoid illustration INSTRUCTIONS FOR USE Step 1 and 2 (2)]
1.	Twist the top of the ampoule.
2.	Place the syringe directly in the ampoule without using a cannula.

An illustration of the reconstitution and withdrawal procedure for Sonazoid is shown below:

[image: Et billede, der indeholder tekst, diagram, skærmbillede, Font/skrifttype

AI-genereret indhold kan være ukorrekt.]
The reconstituted medicinal product is a white dispersion.
The dispersion should be used within 4 hours of preparation.

Administration
· Use a syringe needle with a gauge of at least 22 G.
· Separation of the dispersion may occur upon standing, so shake the product immediately before administration to ensure a homogeneous content.
· The administration route should normally be flushed with a small amount of isotonic sodium chloride solution (ISCS) immediately after administration of the product.
· After opening: The product vial is intended for single use only and any remaining medicinal product must be discarded along with the filter spike after use.
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