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P urpose: T his study e valuate s the  A ugsburg Nasopharynge al A pplic ator (A NA ), a 

nove l nasal brac hythe rapy de vic e  de signe d for e arly-stage  nasopharynge al 

c arc inom a (T 1-T 2 stage s). A NA  le ve rage s nasal anatom y to ove rc om e  lim itations of 

oral applic ators, optim izing tum or targe ting w hile  sparing adjac e nt tissue s, suc h as 

the  soft palate  and oral m uc osa. 

M aterials and M ethods: A N A  w as de ve lope d using sagittal c om pute d tom ography 

(CT )-base d anatom ic al m e asure m e nts and c om pute r-aide d de sign (CA D ) m ode ling. 

Struc tural inte grity w as validate d through nonline ar finite  e le m e nt analysis (FEA ), 

m e c hanic al stre ss te sting (inc luding Eule r buc kling te sts), and displac e m e nt te sting 

(30 m in vibration at 5 Hz w ith 2 c m  am plitude ). D osim e try w as ve rifie d using 

radioc hrom ic  film  w ith 3% /3 m m  gam m a analysis c rite ria, follow ing the  T G-43 

form alism  for dose  c alc ulation. Inse rtion fe asibility w as asse sse d in a postm orte m  

m ode l unde r institutional autopsy protoc ols. 

Results: A N A  (w ith nylon 6 /6  c athe te r) w ithstood displac e m e nts up to 30 m m  w ithout 

failure . Sim ulate d m otion te sts de m onstrate d positional stability (<1 m m  

displac e m e nt). D osim e try ac hie ve d a 97.5%  gam m a pass rate  (c linic al ac c e ptability 

thre shold: 95% ), w ith the  20 m m  c urvature  c onfiguration re duc ing soft palate  dose s 

by >50%  c om pare d to standard oral applic ators (e .g., R otte rdam  de sign). 

Postm orte m  inse rtion w as c om ple te d in 10 m in, w ith e ndosc opic  c onfirm ation of 

positioning ac c urac y w ithin 1 m m . 

Conclusion: A N A  de m onstrate s pre c ise  positioning, m e c hanic al stability unde r 

sim ulate d physiologic al m otion (<1 m m  displac e m e nt), and c linic ally signific ant dose  

sparing (>50%  re duc tion to the  soft palate  w ith the  20 m m  c urvature  c onfiguration). 

                  



Its nasal approac h and anatom ic al adaptability position it as a prom ising alte rnative  

to oral applic ators. T he se  proof-of-c onc e pt findings support the  ne e d for phase  I/II 

c linic al trials to e valuate  safe ty and e ffic ac y in patie nts. 

K eyw ords: Nasopharynge al applic ator, adaptive  brac hythe rapy, finite  e le m e nt 

analysis, dose  sparing. 

 

 

P urpose 

NPC e xhibits a bim odal age  distribution (pe aks: 15–24 and 6 5–79 ye ars) w ith global 

inc ide nc e  of 2.12/100,000 [1]. B rac hythe rapy is indic ate d for e arly-stage  (T 1–T 2, N0–

N1), post-EB R T  re sidual, or inope rable  re c urre nt NPC [2–5]. How e ve r, c onve ntional 

oral applic ators (e .g., R otte rdam ) fac e  c ritic al lim itations: proc e dural disc om fort from  

gag re fle xe s, suboptim al positioning ac c urac y, and inade quate  sparing of adjac e nt 

organs-at-risk (O A R s) like  the  soft palate  [6 ,7]. 

T o ove rc om e  the se  c onstraints, w e  de ve lope d A NA  —a nasally inse rte d, 

anatom ic ally adaptive  de vic e  e xploiting the  nasal passage 's line ar alignm e nt w ith the  

nasopharynx. ANA’s customizable curvature aims to: 

(1) Enhanc e  patie nt tole rability by avoiding gag re fle xe s, 

(2) Im prove  tum or targe ting through CT -guide d positioning, 

(3) R e duc e  O A R  dose s via optim ize d ge om e tric  c onfiguration. 

T his study e valuate s the  te c hnic al fe asibility of the  A NA  as a pre c ision-guide d 

alte rnative  w ith pote ntial for c linic al translation. 

                  



M aterials and M ethods 

System O verview :  

Catheter: 

T he  c athe te r is fabric ate d from  fle xible , bioc om patible  Nylon 6 /6  tubing (Fre nc h size  

6 , Z e us, U SA ) w ith a Shore  hardne ss of D 85 and c e rtifie d to U SP Class VI 

standards. T o e nsure  safe ty and m e c hanic al pe rform anc e  during use , a visual 

m arke r is inte grate d along the  shaft to indic ate  the  m axim um  allow able  be nding 

c urvature . T his m arke r se rve s as a guide  for c linic ians during inse rtion, he lping to 

pre ve nt ove rstre ssing the  m ate rial and e nsuring c onsiste nt, re produc ible  shaping of 

the  c athe te r. 

The catheter’s radiation stability was evaluated by delivering a dose of 200 Gy at a 

depth of 1 cm in a Plexiglas phantom . Post-irradiation analysis show e d no 

m e asurable  de gradation in m e c hanic al pe rform anc e : the  c athe te r m aintaine d its 

fle xibility, struc tural inte grity, surfac e  prope rtie s, hardne ss, and te nsile  stre ngth. 

A dditionally, no disc oloration w as obse rve d, sugge sting e xc e lle nt re sistanc e  to 

radiation-induc e d oxidation or c rosslinking at the  applie d dose . 

Stopper: 

A  3 c m  se gm e nt of m e dic al-grade  polyvinyl c hloride  (PVC) tubing (Fre nc h 8) se rve s 

as the  stoppe r, ac ting as a fle xible  c onne c tor be tw e e n the  c athe te r and the  c orpus, 

and as a tip for the  ope n-e nde d c athe te r. T his glue -fre e  de sign provide s se ve ral 

advantages: the stopper’s elasticity distributes stress evenly, reducing the risk of 

loc alize d failure , and offe rs c ontrolle d fle xibility to ac c om m odate  anatom ic al 

variations, the re by e nsuring sm oothe r c ontac t. T he  abse nc e  of adhe sive  im prove s 

de vic e  re liability and longe vity by e lim inating the  risk of glue  failure . A dditionally, the  

                  



soft, glue -fre e  tip m inim ize s the  risk of irritation or injury to the  nasopharynx during 

inse rtion and use . 

Corpus: 

T he  c ore  struc ture , or c orpus, is m ade  from  transpare nt, m e dic al-grade  PVC (Fre nc h 

16 , Shore  hardne ss A 70). It house s both the  c athe te r and the  m andre l, providing 

e sse ntial struc tural support. A n adjustable  pe rforation syste m  allow s for pre c ise  size  

m odific ations, e nabling the  applic ator to c onform  to individual patie nt anatom y w ithin 

the  nasopharynx. 

Loop: 

T he  loop c onsists of a polyam ide  m andre l (Fre nc h 3, Z e us, U SA ) shape d to apply 

c ontrolle d forc e  to the  c orpus for pre c ise  be nding and orie ntation. T his c om pone nt 

allows for fine adjustment of the applicator’s tilt (up to 22°), enabling targeted lateral 

dose  de live ry to spe c ific  are as w ithin the  nasal c avity. T he  loop e nsure s se c ure  

positioning and m aintains a stable  c onne c tion be tw e e n the  applic ator and the  vault of 

the  nasopharynx. 

A dditionally, a m ontage  vide o (A N A -m ontage .m p4) de m onstrating the  asse m bly of 

the  de vic e  is provide d as supple m e ntary m ate rial. 

 

O ur approac h to de signing A NA  is base d on tw o ke y m e asure m e nts [8] obtaine d 

through sagittal CT  im aging (Fig.2-1). 

T he se  m e asure m e nts (S& C) are  pivotal in de te rm ining A NA  de sign and plac e m e nt 

strate gy: T he  line ar se gm e nt of the  soft palate  (S) se rve s as a c ritic al positioning 

re fe re nc e  for our applic ator. W e 've  ide ntifie d the  te rm inus of this straight portion as 

                  



the  optim al loc ation for A NA  tip. T his anatom ic al landm ark is strate gic ally c hose n 

be c ause  it pre c e de s the  uvula, w hic h guide s the  be nding of A NA  tip. 

B y utilizing this c onsiste nt anatom ic al fe ature , w e  c an ac hie ve  re produc ible  applic ator 

plac e m e nt afte r e ac h the rapy frac tion. A dditionally, the  distanc e  to the  c livus (C) 

provide s im portant c onte xt for e nsuring prope r c urvature  and positioning of the  

device. “S” guides the initial positioning, while “C” helps fine-tune  the  applic ator's 

c urvature  and final plac e m e nt. T his dual-m e asure m e nt approac h e nhanc e s the  

pre c ision and adaptability of our te c hnique  ac ross various patie nt profile s (Fig. 2- 

2,3,4) [9]. 

Desig n and Finite Element Analysis  

W e  c onduc te d a non-line ar FEA  using SO LID W O R KS (ve rsion 2023, D assault  

Systèm e s, W altham , MA , U SA ) to num e ric ally solve  the  diffe re ntial  

e quations gove rning c athe te r be nding unde r de form ations [10].  

A  de taile d de sc ription of the  m athe m atic al m ode ling of the  be nding m e c hanism  is 

provide d in A nne x A , w hile  the  finite  e le m e nt analysis (FEA ) se tup is outline d in 

A nne x B . T his approac h disc re tize s the  intric ate  c athe te r ge om e try into m anage able  

e le m e nts, e nabling c om pre he nsive  analysis of its be havior unde r applie d forc e s. 

The FEA model confirms catheter safety at displacements ≤30 mm, directly ensuring 

c linic al durability during inse rtion. 

 

 

                  



ANA P hantom Desig n and V alidation 

W e  de ve lope d a c ustom -de signe d phantom  specifically for this study (Fig. 3D–F) to 

re plic ate  re le vant nasopharynge al anatom y and tissue  c harac te ristic s. Its dim e nsions 

w e re  base d on axial CT  slic e s from  a 49-ye ar-old patie nt, e nsuring anatom ic al 

re alism  for ac c urate  applic ator te sting. T he  phantom  fe ature d a laye re d c onstruc tion: 

two 2 cm sheets of water-e quivale nt polym e thyl m e thac rylate  (PMMA ) on e ithe r side , 

a central 2.5 cm tissue-e quivale nt bolus laye r, and a radioc hrom ic  film  e m be dde d at 

m id-de pth for dose  m e asure m e nt. 

 

Bending  and stab ility Constraints 

T o asse ss the  buc kling re sistanc e  of the  c athe te r, w e  de ve lope d a c ustom  Eule r 

B uc kling T e st se tup (Fig. 3A -C) [11]. O ur m odifie d c onfiguration c onsists of tw o le ad 

bloc ks, e ac h m e asuring 2.5 c m  × 14 c m  × 5 c m , positione d at adjustable  distanc e s to 

sim ulate  pinne d-pinne d boundary c onditions. T he  c athe te r spe c im e n is se c ure ly fixe d 

at both e nds, e nsuring axial alignm e nt be fore  applying c om pre ssive  displac e m e nt. A s 

the  line ar displac e m e nt inc re ase s, the  c athe te r unde rgoe s e lastic  buc kling, form ing 

c harac te ristic  c urvature  patte rns until re ac hing the  c ritic al buc kling load, afte r w hic h 

struc tural failure  oc c urs. T his se tup allow s for dire c t obse rvation of the  buc kling m ode  

and quantific ation of m axim um  c urvature  and failure  displac e m e nt, providing insights 

into the catheter’s structural stability under axial compression. 

(A –C) S e que ntial stre ss te st illustrating the  progre ssion from  re st (A ), through 

m axim um  c urvature  (B ), to failure  (C) for tw o c athe te r type s: Lum e nc ath (blue , 6 F, 

polyam ide , Ele kta, Sw e de n) and Nylon 6 /6  (natural transluc e nt, 6 F, Z e us, U SA ). (D –

F) A NA  positioning in the  vibration apparatus for transve rsal (D ), longitudinal (E), and 

                  



late ral (F) orie ntations. (G–I) CT  im age s c om paring pre - and post-vibration A NA  

alignm e nt and displac e m e nt in late ral (G), transve rsal (H), and longitudinal (I) plane s. 

T his proc e ss c ontinue s until the  c athe te r be gins to e xhibit kinking be havior, w hic h 

signifie s the  lim it of its m axim um  safe  be nding radius and fle xural stre ngth. B e yond 

this thre shold, the  c athe te r c annot m aintain its struc tural inte grity, transitioning from  

e lastic  de form ation to pe rm ane nt kinking. T his c ritic al point de fine s the  m axim um  

allow able  c urvature  κm ax as quantifie d by the  m inim al ac c e ptable  be nding radius R m in. 

T he  te st re sults provide  e sse ntial data for de te rm ining the  c athe te r's m e c hanic al 

lim its, e nsuring that it c an w ithstand the  stre sse s e nc ounte re d during c linic al use  

w ithout failure .  

O bse rvations indic ate  that the  nylon 6 /6  c athe te r c an be nd to a c urvature  of 

approxim ate ly 28 m m  ove r a line ar displac e m e nt of 30 m m , w hile  the  Lum e nc ath 

e xhibits a c urvature  of 25 m m  ove r a displac e m e nt of 20 m m .  

T he  m ate rials e xhibit distinc t m e c hanic al prope rtie s—spe c ific ally, stiffne ss and 

fle xibility. T he se  disc re panc ie s arise  from  the  diffe re nc e  in shore  D  hardne ss, w ith the  

Lum e nc ath be ing m ore  rigid in this c ase . 

T his c om parative  analysis sugge sts the  nylon 6 /6  c athe te r ac hie ve s a m ore  gradual 

be nd profile  unde r e quivale nt displac e m e nt c onditions. T he  te st e nsure s the  c athe te r 

w ithstands be nding stre sse s up to 30 m m  displac e m e nt w ithout kinking. 

A s A NA  is inte nde d for single -use  intranasal applic ation, re pe ate d fle xural c yc le s are  

not antic ipate d in c linic al prac tic e . T he re fore , the  be nding and buc kling te sts 

c onduc te d in this study are  de signe d to sim ulate  the  m axim um  e xpe c te d de form ation 

during a single  inse rtion and positioning se ssion. T his approac h e nsure s struc tural 

                  



inte grity unde r the  m ost de m anding one -tim e  c linic al use  sc e narios. R e pe ate d fatigue  

te sting w as de e m e d unne c e ssary for this single -use  applic ation. 

T o e valuate  the  positional stability of the  A NA , a displac e m e nt te st w as pe rform e d 

using a laboratory shake r (HS 26 0 c ontrol, IKA -W e rke  Gm bH &  Co. KG, Ge rm any) 

(Fig. 3D–F). T he  se tup inc lude d a tissue -e quivale nt phantom  w ith the  A NA  in situ, 

positioned on the shaker platform. The shaker was programmed with a 2 cm 

amplitude and 5 Hz frequency to simulate typical patient movements [12], such as 

bre athing, he ad tossing, he ad shaking, and spe aking. 

 

T he  e xpe rim e nt w as pe rform e d ove r a total duration of 90 m inute s, w ith 30 m inute s 

of agitation along e ac h of the  thre e  princ ipal axe s (transve rsal, longitudinal and 

late ral). T he  stability of the  applic ator w as asse sse d by ac quiring high-re solution CT  

(Som atom , Sie m e ns, Ge rm any) sc ans (1m m  slic e s) of the  phantom  be fore  and afte r 

the  te st. 

 

R e sults thanks our tre ate m e nt planing syste m (Pinnac le  16 .2, Philips radiation 

onc ology , U S) de m onstrate d m inim al displac e m e nt of A NA , w ith m e asure d 

positional shifts e qual to or le ss than 1 mm along all axes (Fig. 3G–I).  

A  vide o (A N A -vibration.m p4) re c ording of the  te st is provide d as supple m e ntary 

m ate rial. 

 

 

                  



Applicator Commissioning  

T o optim ize  the  applic ator's pe rform anc e , w e  c onduc te d initial validation using 

radioc hrom ic  film  (EBT3, Gafchromic™, Ashland Inc., Wayne, NJ, USA) (Fig.4-C-D ) 

[13]. T his ste p w as c ruc ial in de te rm ining the  pre c ise  offse t and appropriate  inde xe r 

le ngth for our high-dose -rate  (HD R ) afte rloade r (Mic roSe le c tron, Ele kta A B , Sw e de n), 

w hic h utilize d an iridium -192 (Ir-192) sourc e  (initial ac tivity: 370 GB q; sourc e  

dim e nsions: 3.5 m m  le ngth × 0.6  m m  diam e te r) [14]. D w e ll positions w e re  optim ize d 

for targe t hom oge ne ity along the  ac tive  c athe te r le ngth. D ose  c alc ulations w e re  

pe rform e d ac c ording to the  T G-43 form alism . 

Irradiation setup 

        

T he  digitize d film s w e re  analyze d to e xtrac t dose  inform ation, w hic h w as the n 

c om pare d w ith the  c alc ulate d dose  distributions (Fig.4B ). T he  c om bination of 

c alc ulate d isodose  m aps, D ICO M R T  dose s, and high-re solution film  dosim e try 

provide d a c om pre he nsive  vie w  of the  dose  distribution [15, 16 ]. 

 

P ost-mortem M odel 

A N A  w as e valuate d during a postm orte m  e xam ination [17] c onduc te d for c linic al 

purpose s (A utopsy c ase  25/12: 6 7-ye ar-old m ale , non-nasopharynge al e tiology 

c onfirm e d as c ardiovasc ular failure ). In alignm e nt w ith institutional autopsy guide line s 

and loc al le gal statute s gove rning postm orte m  proc e dure s, A NA  te sting w as 

pe rform e d unde r the  c ondition that it pose d no additional risk of harm , pre se rve d 

anatom ic al inte grity, and did not inte rfe re  w ith diagnostic  obje c tive s.  

A NA , de signe d for non-invasive  tissue  c om patibility asse ssm e nt, w as te ste d 

postm orte m  using m e thods indistinguishable  from  standard autopsy prac tic e . Post-

                  



proc e dure  ve rific ation c onfirm e d that no anatom ic al struc ture s w e re  alte re d or 

c om prom ise d. A ll findings re late d to the  prim ary c ause  of de ath re m aine d unaffe c te d, 

and no pe rsonal ide ntifie rs w e re  re taine d in de vic e  te sting doc um e ntation. 

Single -c adave r validation e stablishe s proof-of-c onc e pt; m ulti-subje c t trials are  

planne d for c linic al translation. 

 

P reparation  

T he  de c e ase d individual w as positione d supine  on the  e xam ination table  (Fig. 7I), 

w ith the  he ad tilte d bac k to optim ize  ac c e ss to the  nasal passage s. T his positioning 

provide d a c le ar and unobstruc te d pathw ay for the  instrum e nts to re ac h the  

nasopharynge al c avity. Standard pre c autions w e re  take n to e nsure  that the  he ad 

re m aine d stable  throughout the  proc e dure , fac ilitating pre c ise  m anipulation of the  

e ndosc opic  and applic ator instrum e nts. 

T he  e ndosc ope  (N° 11101, Karl Storz) [18] w as ge ntly inse rte d through the  right 

nostril, providing a dire c t and c le ar vie w  of the  nasopharynge al re gion. In postm orte m  

c onditions, re al-tim e  e ndosc opic  visualization w as use d to guide  the  plac e m e nt of the  

first applic ator, w hic h w as introduc e d through the  le ft nostril. It w as se c ure d in plac e  

using the  loop, and the  c athe te r w as pre c ise ly be nt to align w ith the  roof and 

poste rior w all of the  nasopharynx. A fte r re m oving the  e ndosc ope  from  the  right 

nostril, the  se c ond applic ator w as inse rte d at the  sam e  le ve l as the  first, re plic ating 

the  loop and c athe te r c urvature . 

In a c linic al se tting, CT  im aging is m andatory for tre atm e nt planning and post-

inse rtion validation of A NA  to e nsure  pre c ise  positioning and optim al dose  de live ry. 

CT  e nable s ac c urate  de line ation of the  targe t volum e  and organs at risk, partic ularly 

                  



w he n a se c ond applic ator is inse rte d in the  c ontralate ral nostril, w he re  e ndosc opic  

visualization is not fe asible  due  to anatom ic al c onstraints. In c ontrast, during the  

c adave r study, an e ndosc ope  w as use d sole ly to film  the  inse rtion proc e ss for 

doc um e ntation. 

A  vide o re c ording of the  A NA  inse rtion proc e dure  (A N A -inse rtion.m p4) is provide d as 

supple m e ntary m ate rial. 

 

 

Results 

In both configurations shown in Figure 5A and 5B, stress is primarily concentrated in 

the  be nding re gions of the  c athe te r. T he  highe st le ve ls are  loc alize d along the  inne r 

c urvature , w he re  c om pre ssive  forc e s dom inate  (re d zone s), w hile  the  oute r 

c urvature , subje c te d to te nsile  forc e s, e xhibits slightly low e r stre ss le ve ls. T he  blue  

zone s indic ate  are as of m inim al stre ss, illustrating the  c athe te r's ability to e ffe c tive ly 

distribute  m e c hanic al loads along its le ngth. 

 

T he  surrounding c orpus struc ture , w hic h house s the  c athe te r, plays a ke y role  in 

absorbing the  m e c hanic al e ne rgy ge ne rate d during de form ation. Its fle xibility allow s it 

to ac c om m odate  c athe te r be nding, the re by re duc ing stre ss on the  c athe te r m ate rial 

and m itigating the  risk of m e c hanic al failure . T his e ffe c t is partic ularly notable  in the  

30 mm displacement scenario: despite a pronounced bend of approximately 25 mm, 

the  stre ss le ve ls re m ain w ithin the  safe  ope rational lim its of nylon 6 /6 . 

 

                  



T he  non-line ar finite  e le m e nt sim ulation provide s valuable  insights into the  

m e c hanic al inte rac tion be tw e e n the  c athe te r and its supportive  c orpus. T he  re sults 

confirm the system’s ability to w ithstand re pe ate d be nding c yc le s w ithout struc tural 

c om prom ise —demonstrating the device’s suitability for brachytherapy applications, 

w he re  fle xibility is c ritic al. 

 

 

Figure 5C–E illustrate  the  progre ssive  be nding be havior of the  A NA  in thre e  

c onfigurations: 

Configuration C (Fig. 5C) shows the ANA in a relaxed state, with a broad and gradual 

c urvature . T he  loop at the  tip is m inim ally e ngage d—re pre se nting c onditions typic ally 

e nc ounte re d during initial inse rtion along straight or m ildly c urve d anatom ic al paths. 

Configuration D (Fig. 5D) depicts an intermediate bend. The loop at the tip is more 

ac tive ly e ngage d, re sulting in a tighte r c urvature  suitable  for navigating around 

anatom ic al obstac le s, suc h as the  nasal c avity. 

Configuration E (Fig. 5E) de m onstrate s the  c athe te r unde r m axim um  be nding. T his 

c onfiguration m ay be  re quire d w he n re dire c ting the  c athe te r aw ay from  the  soft 

palate  tow ard the  re gion of the  pharynge al tonsils. Von Mise s stre ss analysis 

c onfirm s that e ve n unde r the se  e xtre m e  c onditions, the  applic ator m aintains 

struc tural inte grity. 

 

 

                  



Dosimetric Accuracy 

The 2D gamma analysis (Fig. 6) was performed using the VeriSoft® software 

package (PTW, Freiburg GmbH, Freiburg, Germany) with criteria of 3 mm distance-

to-agreement (DTA) and 3% dose difference. To account for uncertainties, regions 

failing the 3 mm or 3% criteria are highlighted in red. The overall gamma pass rate of 

97.5% demonstrates excellent concordance, exceeding the 95% threshold 

recommended for clinical acceptability. Notably, most discrepancies were confined to 

low-dose-gradient regions at the periphery of the dose distribution. Dosimetric 

discrepancies arose primarily from film alignment, not dwell positioning, minimizing 

clinical impact [19]. 

P ostmortem Evaluation 

A N A  w as suc c e ssfully inse rte d (Fig. 7A -F) and subse que ntly re m ove d w ithout any 

c om plic ations. T hrough e ndosc opic  visualization, it w as c onfirm e d that A NA  ac hie ve d 

pre c ise  positioning w ithin the  nasopharynx, w ith the  c athe te r se c ure ly aligne d along 

the  roof and poste rior w all of the  c avity. T he  loop m aintaine d c onsiste nt and stable  

c ontac t w ith the  m uc osal surfac e , e nsuring the  c orre c t c urvature  of the  c athe te r w hile  

pre ve nting any obstruc tion or m isalignm e nt during the  proc e dure . B oth applic ators 

w e re  sym m e tric ally positione d, ac c urate ly re plic ating the  inte nde d traje c tory for 

optim al tre atm e nt de live ry. 

T he  e ntire  proc e dure  w as c om ple te d in approxim ate ly 10 m inute s. O nc e  inse rte d, 

A NA  re m aine d stable  throughout the  duration of the rapy w ithout re quiring m anual 

support. For additional stability, fixation w ith a m e dic al adhe sive  bandage  is 

re c om m e nde d.  

 

                  



Comparaison w ith Rotterdam Applicator config uration 

 

A N A  (Fig. 8) w as c onfigure d w ith a 12 m m  c urvature  to e m ulate  the  ge om e tric  profile  

of the  R otte rdam  nasopharynge al applic ator, e nabling a standardize d c om parative  

fram e w ork. A  pre sc ribe d dose  of 3.5 Gy at 5 m m  de pth w as de live re d to the  pse udo 

pharynge al tonsils, aim ing for 100%  targe t c ove rage  w hile  e valuating dose  

distribution to adjac e nt organs at risk (O A R ), notably the  pse udo soft palate . 

D osim e tric  analysis re ve ale d signific ant diffe re nc e s in O A R  sparing be tw e e n the  12 

m m  and 20 m m  c urvature  c onfigurations. For the  12 m m  c urvature , the  pse udo soft 

palate  re c e ive d a m axim um  dose  of 3.4 Gy (97.8%  of pre sc ribe d dose ) c onfine d to 

0.10 c m ³ (1%  of the  struc ture ), indic ating a ste e p dose  gradie nt. A t large r volum e s, 

the  dose  de c re ase d to 2.7 Gy (76 .4% ) for 10%  volum e  (0.95 c m ³) and 0.7 Gy 

(21.1% ) for the  e ntire  struc ture  (9.5 c m ³). Notably, the  2 c m ³ volum e  (21%  of the  

struc ture ), a c linic ally c ritic al re gion, re c e ive d 2.3 Gy (6 5.7% ). 

In c ontrast, the  20 m m  c urvature  c onfiguration de m onstrate d supe rior sparing 

e ffic ac y. T he  m axim um  dose  to the  pse udo soft palate  w as re duc e d to 1.6  Gy (45% ), 

w ith progre ssive  re duc tions ac ross all volum e s: 1.2 Gy (35.6 % ) at 10%  volum e ,  

0.3 Gy (9.3% ) at 100%  volum e , and 1.1 Gy (30.5% ) w ithin the  2 c m ³ re gion. T his 

re pre se nts a 54–56 %  re lative  dose  re duc tion in high-dose  re gions (1–10%  volum e s) 

and a >50%  re duc tion in the  2 c m ³ volum e  c om pare d to the  12 m m  c onfiguration. 

 

 

 

                  



Discussion 

T he  nasal approac h to brac hythe rapy, as e nable d by A NA , offe rs se ve ral signific ant 

advantage s ove r traditional oral inse rtion te c hnique s. A natom ic ally, the  nasal 

passage  provide s a m ore  dire c t and line ar route  to the  nasopharynx, fac ilitating 

sm oothe r inse rtion and m ore  ac c urate positioning. ANA’s nasal route may reduce 

disc om fort by avoiding gag re fle xe s (though c linic al validation is pe nding) — a 

fre que nt c om plic ation assoc iate d w ith oral applic ators—the re by re duc ing proc e dural 

risks that c ould c om prom ise  applic ator plac e m e nt ac c urac y [20]. 

 

T o ac c om m odate  inte rindividual variability in nasopharynge al anatom y, A NA  fe ature s 

an innovative , adjustable  de sign w ith tw o distinc t size  c onfigurations, c om pac t and 

standard (Fig. 1). This adaptability allows clinicians to tailor the applic ator to a broad 

range  of patie nt anatom ie s w ithout the  ne e d for m ultiple  pre fabric ate d m ode ls, 

stre am lining inve ntory and im proving w orkflow  e ffic ie nc y in c linic al prac tic e . 

 

A n additional c linic al be ne fit of the  nasal route  lie s in its pote ntial to re duc e  infe c tion 

risk. T he  nasal c avity ge ne rally harbors a low e r m ic robial load c om pare d to the  oral 

c avity, w hic h m ay translate  into a re duc e d inc ide nc e  of post-proc e dural infe c tions. 

T his is partic ularly re le vant in im m unoc om prom ise d patie nts or se ttings w he re  stric t 

infe c tion c ontrol is e sse ntial [21]. T he  assoc iate d re duc tion in prophylac tic  antibiotic  

use  m ay furthe r sim plify post-tre atm e nt m anage m e nt and low e r ove rall he althc are  

c osts [22]. 

In line  w ith c urre nt tre nds tow ard pe rsonalize d onc ology, A N A  also supports a 

patie nt-spe c ific  tre atm e nt paradigm  through the  inte gration of 3D  printing. 

                  



Custom ize d applic ators c an be  fabric ate d base d on tw o re produc ible  anatom ic al 

measurements (Fig. 2-1): (S) the  line ar le ngth of the  soft palate  re gion and (C) the  

pe rpe ndic ular distanc e  from  the  poste rior nasal spine  to the  c livus. T he se  param e te rs 

inform  a m athe m atic al m ode l that ge ne rate s a digital de sign file , optim ize d for 

additive  m anufac turing via ste re olithography (SLA ) [23]. 

T his individualize d m anufac turing w orkflow  is de signe d to c om ply w ith the  EU  

Me dic al D e vic e  R e gulation ((EU ) 2017/745, A rtic le  2(3), A nne x X III) for c ustom -m ade  

Class IIa m e dic al de vic e s [24]. T he  use  of a nylon 6 /6  c athe te r (D 85 Shore  hardne ss) 

provide s m e c hanic al fle xibility, as de m onstrate d by finite  e le m e nt analysis and 

buc kling re sistanc e  te sting unde r c ontrolle d laboratory c onditions. 

R e pe ate d be nding fatigue  te sts w e re  not pe rform e d, as A NA  is a ste rile , single -use  

m e dic al de vic e  inte nde d for one  tre atm e nt frac tion. In c linic al prac tic e , m e c hanic al 

stre ss is lim ite d to initial inse rtion and m inor positional adjustm e nts. T he  be nding and 

buc kling te sts inc lude d in this study w e re  spe c ific ally de signe d to sim ulate  the  

m axim um  m e c hanic al de form ation e xpe c te d during suc h a single -use  se ssion. A s 

suc h, the y provide  suffic ie nt assuranc e  of struc tural safe ty w ithin the  inte nde d c linic al 

c onte xt. None the le ss, c yc lic  fatigue  te sting m ay be  c onside re d in future  studie s for 

re gulatory support or c om parison w ith re usable  syste m s. 

W hile  the se  initial fe asibility re sults de m onstrate  the  te c hnic al viability of the  de sign 

c onc e pt, c om pre he nsive  validation inc luding bioc om patibility asse ssm e nt, c linic al 

pe rform anc e  e valuation, and m ulti-subje c t inse rtion studie s w ill be  re quire d be fore  

c linic al im ple m e ntation. T he  c urre nt findings support the  rationale  for advanc ing to 

m ore  e xte nsive  pre c linic al te sting and e ve ntual c linic al trials to fully e stablish the  

de vic e 's safe ty and e ffic ac y profile . 

                  



D e spite  its prom ise , the  nasal route  is not w ithout lim itations. Pote ntial c om plic ations 

inc lude  m uc osal irritation and e pistaxis, partic ularly in patie nts w ith narrow  or fragile  

nasal passage s [25]. A s suc h, c are ful patie nt se le c tion and thorough ope rator 

training w ill be  e sse ntial to e nsure  safe  c linic al im ple m e ntation. 

Future  studie s w ill asse ss in vivo stability and de vic e  be havior unde r physiologic al 

c onditions. Lim itations of the  pre se nt study inc lude  single -c adave r te sting and 

pre lim inary c om fort asse ssm e nts. 

Conclusion 

A N A  re pre se nts a nove l approac h to nasopharynge al brac hythe rapy that 

de m onstrate s pre lim inary te c hnic al fe asibility through finite  e le m e nt analysis, 

dosim e tric  validation, and postm orte m  e valuation. T he  nasal inse rtion route  has the  

pote ntial to offe r the ore tic al advantage s in patie nt tole rability and proc e dural w orkflow  

c om pare d to c onve ntional oral applic ators, w hile  the  adjustable  de sign m ay e nable  

be tte r c onform anc e  to individual patie nt anatom y. 

T his proof-of-c onc e pt study e stablishe s the  foundational e ngine e ring and dosim e tric  

c harac te ristic s of the  A NA  de sign. How e ve r, c linic al be ne fits re garding patie nt 

c om fort, positioning ac c urac y, and infe c tion c ontrol re m ain to be  validate d through 

syste m atic  c linic al inve stigation. T he  3D -printable , patie nt-spe c ific  de sign c onc e pt 

aligns w ith e m e rging tre nds in pe rsonalize d m e dic al de vic e  m anufac turing. 

Give n A NA 's single -use  de sign, the  c urre nt m e c hanic al asse ssm e nts—foc use d on 

m axim um  one -tim e  de form ation—are  appropriate  to e nsure  c linic al safe ty during 

inse rtion and tre atm e nt. T he se  pre lim inary findings provide  a strong rationale  for 

advanc ing tow ard m ore  e xte nsive  pre c linic al validation and c linic al trials. 
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Figure  1: Com pone nts and c onfigurations of A NA , inc luding (A ) CT  vie w  show ing a 

tilte d position. 

                  



 

Figure  2. 1- (S: T he  se c tion of the  soft palate  e xc luding the  uvula. C: T he  distanc e  

from  the  m idpoint of S to the  c livus), 2- A 24-year-old female, 158 cm, 46 kg. 3- A 49-

year-old male, 175 cm, 73 kg. 4) A 71-year-old male 190 cm, 107 kg. 

                  



 

Figure 3. Mechanical and vibration testing of ANA with CT comparisons. 

                  



 

Figure  4. A -Isodose  m ap, B -D ic om  rt dose , C-R adioc hrom ic  film , D -A NA  in Phantom  

w ith radioc hrom ic  film     

 

Figure  5: Von Mise s stre ss distribution in A NA  during sim ulate d be nding for both 

standard (A ) and c om pac t (B ) c onfigurations, show n unde r nylon 6 /6  c athe te r 

displac e m e nts of + 15 m m  (le ft) and + 30 m m  (right) und comparing [C, D, E] compact 

                  



(below) and standard (above) configurations at varying levels of catheter 

advancement. 

 

Figure  6 . 2D  gam m a analysis: Com parison of irradiate d vs. c alc ulate d dose  

distribution. 

                  



 

Figure 7. Steps of ANA insertion: A) Initial placement of device near the soft 

palate/uvula, B) Positioning of ANA, C) Deployment of internal component, D) Device 

locked into position, E) Bending the catheter, F) Final secured position of ANA.  

G) Frontal Vie w  of Nasopharynx A pplic ator Plac e m e nt, H) Sagittal Vie w  of A NA  in 

Position, I) Endosc opic  se tup of A NA  in postm orte m  trial. 

                  



 

Figure 8. A) configuration standard applicator with 12 mm curvature B) 20 mm 

curvature (phantom, isodose, 3d dose, DVH). 
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