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Introduction 

  

B  en  n  n  t e      t  o   e  s to   sor    e ot er  e t  s    n   tr so n  te  n   e   s 

ne r    o   e  t e  e   n    t ent s r      t  e  ro      nos s  n      se      n     tr     

   r n  o r rese r    t     e  n   n  ers t   os  t    n  Bergen, Norwa    e    e  o   ne  

     or tor    tr so n   te  n   e     e   sono or t on    t  t e  o  er      -        e 

   e ot er     o  o n  Ge   t   ne to  n re se t e   oros t  o    n re t    e  s   t  

   ro     es  n  to  e    get the drug into cancer cells where it is needed. 

  

T e o t o es o       se      n     tr     n o  e  ten  eo  e   n er o n  tre t ent  or 

  n re t     n er   e  o n  t e  ne     ro    ne r    o   e  t e  e   n s r      t  e  ro  

    ont s to     ont s   t o t  n re se    e ot er     dosage  n    t  no    e  to    t  

or     t on   s  e e  e ts     en  e  o   re  t e   o nt o  tre t ent o r   t ents   ere 

   e to  n er o   o   re  to     stor      o ort   e  saw a significant increase of treatment 

cycles. 

  

Technique Still at its Infancy 

  

 e  re j st  t t e  n  n   o  t  s te  n   e  n  t ere  s     ot o   otent    to  n o      on   

e  e t t e res  ts to  et  better and better. 

  

 n     t on   e  re  or  n  on    ot o     ro e ent to t  s  method developing from every 

aspect: from the basic    s  s   n   e   n  s  to    ro     e str  t re     r   o  net  s  

  n    rst  n   n   n   tro  n   n    o e  er  ents      n  s re  o r    ro e ents tr ns  te 

 nto t e    n     tr   s    e ert e ess  t ese res  ts  re  ro  s n   or     se se  with an often 

 oor  ro nos s  T e one- e r s r      r te   or     st  es o    n re t     n er  o   ne   s    

 er ent    n  t e    e- e r s r      r te  s    er ent     or  n  to t e  American Cancer 

Society. 

  

The fact that the overall survival can be improved is ver      ort nt   n ter s o  t e 

te  n   e   ts e tre e      ort nt  t  t  t  oesn t nee  s e     se  e     ent   s t  s   e ns 

t  t  n   os  t     n st rt    ro  n    t ents    n   t e r       es      es   n  j st  s 



   ort nt   s t  t  t   n  e  applied to ne r    n  ot er  or  o    n er  s  on   s t e 

   tr so n    n re     t  T  s o ens        o e ne        oo    for cancer treatment. 

  

T  s  s s       o   e   nter  t on t  t  t  o   nes      s  ent       e  s     s  s  en  neer n   

  e  str      s      an   o e    r      r   o o     e     o o      n er   t o o      n  

 e    ne    t s s           n  t  t  e re   e  so   r so            t s    e  o n  to    e    

 n    n  n  t  t one stone    t  t e  er e t  o   n t on   ts not e s    n e  o    n   t   you 

c n t en  o  s   t     n  t rn  t  nto     e e o  je e  er    t  t s t e st  e  e  re  t no   

  

T e  on e t o   e   er n      o  s       tr so n   or  sono or t on    s  een  ro n   or 

 e   es   n    s  n t       used to enhance gene uptake. I first became  n o  e      e 

  or  n  on     o tor te  t t e  n  ers t  o        n t e   n te    n  o     t   te    e   n  

 nto  nter  t ons  et een   e  s  n       es   r n  s ort   rsts o    tr so n  e  os re  

   r n  t  t t  e     o    or t on   t     ro   o   ren      o o  sts  e  to t e te  n     

 e e o  ent o   or  n  s n  e     ro     es  nto    e     t    tr so n  — o en n  t e  oor 

 to  or  n   n  n   er o  ot er  o  o n s  nto t e  e     s  one o  t e   r est   rr ers to   

 r   s e         s  ts      t   to per e te    e    e  r ne  t  s   s   s  n     nt  e e o  ent 

 — one t  t   too    t   e to    ost o tor    e  o s      n Ber en  tr ns  t n  t e    or tor  

 on e ts to      n      bedside. 

  

Using Technology and Materials Available on the Market 

  

For our phase      n     tr      e re r  te     o ort o  ten   o  nteers   o      o      

    n e  or  et st t     n re t      eno  r  no    To       t te  ore r        n     

tr ns  t on   o r te   o  rese r  ers  n     n    ns   ree  to  se  technology and materials 

  re            e on t e   r et  at every step. 

  

   t  s  or e    n     e rs   e    n t   nt    os  t   to     e to   r   se s e     se   

e  ens  e  one- se e     ent     r e     ent  ons ste  o    s    t   o  er    n         nost   

 ultrasound scanner, t e G   o        o   ne    t           o  n     tr so n   ro e   s n  

      nost     tr so n   s  nner   so    o e   s to see  n  tre t t e t  o r  n  re   t  e  To 

 ener te t e    ro     es   e  se   ono  e   a sulphur hexafluoride-based solution 

commonly  se  to   e       nose    er  es ons t ro      tr so n     n e t e      es  re on   

st   e  n t e   oo  stre    or    e    n tes    e  e   e  to  nje t   s       o nt e er  

t ree  n          minutes.     

  

We began the procedure by administering standard c e ot er     to t e   t ents    or  n  

to t e e  st n   roto o     n e t e   e ot er  e t    on entr t on  n t e   oo   re   e   ts 



         t e   tr so n  s  nner   s  se  to   n   e sono or t on  or        n tes   t     

  n te  nter   s   The microbubble s  er e     t -en  n  n   e   n s  o     t on  s 

so e   t o    e    t  s  e  e e  to  e one o   two methods. 

  

At high acoustic pressures, microbubbles undergo inertial cavitation — an implosion that 

creates tiny pores in the cell, allowing a greater concentration of drugs to enter. This effect, 

which includes shockwaves, may penetrate deeper into the tissue, thus having a deeper 

effect. Due to potentially violent ripple effects — similar to throwing a cannonball against a 

wall — this is generally avoided. 

  

At low to moderate acoustic pressures, the bubbles tend to interact with cells, bouncing and 

rolling against them to push and pull the membrane, occasionally entering the cells — more 

akin to cracking open a safe by drilling some small, precise holes. 

  

  en tre te    t  sono or t on  t e  o  nteers  ere    e to  n er o     ±       es o  

tre t ent   ers s    ±     t  nor      e ot er     

  

This ultimately had the effect of stabilising or decreasing the tumour volumes in 50 percent 

of the patients and increasing the median patient survival time from approximately 7 months 

to 18 months. 

  

Future Work 

  

Future work will include performing a larger-scale phase I/II clinical trial with international 

collaborators, and working to develop a microbubble compound optimised for targeted 

drug-delivery at low acoustic intensities. We will also seek to fully understand the 

mechanisms of sonoporation by using advanced mouse models and bioreactors. 

  

Key Points 

  

•  e     ro     o   e  s r      t  e  ro     ont s to     onths without increased 

chemotherapy dosage. 

• Res  ts  re  ro  s n   or     se se   t   n o ten  oor  ro nos s  

•  s n  te  no o    n    ter   s   re            e on t e   r et  
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