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Head and Neck Cancers 

 
 
 
Incid ence:  
~40,000 new cases/yr 
 in USA; 500,000/yr 
 worldwide 
 
Treatment:  

- Radiation therapy, chemotherapy, surgery 
- Oral consequences of radiation therapy include:    
mucositis, osteoradionecrosis, salivary hypofunction 

 



Too little saliva leads to 
considerable morbidity 

• Xerostomia (dry mouth) 
• Dysphagia (difficulty swallowing) 
• Oral infections (Candidiasis, caries) 
• Reduced mucosal healing 
• Oral pain and discomfort 
• Markedly reduced quality of life 



Radiation Therapy Oncology Group 
categories of salivary  gland 

dysfunction 

• Grade 0- None 
• Grade 1- Slight dryness with good 

response to stimulation 
• Grade 2- Moderate dryness with poor 

response to stimulation 
• Grade 3- Complete dryness with no 

response to stimulation 
• Grade 4- Fibrosis 

Cox et al, IJROBP, 1995 

For Grade 2-4 patients there is no effective therapy currently available 



  General strategy for the 
“repair of irradiation damage” 
for RTOG patient grades 2/3 

      Baum et al, Oral Oncol, 2010 (review) 
 Delporte et al, PNAS, 1997 (original data; rat) 
Shan et al, Mol Ther, 2005 (original data; minipig) 



Sialography is a common 
clinical procedure  

Vectors delivered by intraductal cannulation and retrograde infusion 

Vector delivery to 
rat salivary glands 

AdhAQP1 vector delivery to patient in 06-D-0206  



Phase 1 clinical trial 
development 

• Plan - treat previously irradiated 
patients in one parotid gland 

• Submit clinical protocol (late 2005) 
• Required approvals (by early 2007): 
NIDCR-IRB, Recombinant DNA 
Advisory Cmte, NIH Biosafety Cmte, 
Food and Drug Administration, Data 
Safety & Monitoring Board  

• Develop infrastructure (2007-2008) 
• First patient treated (summer 2008) 

 



Objectives  
• To evaluate the safety of single escalating  
 doses of AdhAQP1   
• To evaluate the effectiveness of AdhAQP1 in  
 increasing parotid gland salivary output and 
 reducing complaints of xerostomia   
 

Study Design  
• Open label, single center, single dose, dose 
 escalation  
• Five dose cohorts approved with  
 3 subjects/cohort 
• The study period was 360 days  
• DSMB assisted in monitoring subjects  



Dosing for AdhAQP1 phase 1 clinical study 

The highest proposed dose has not been associated with any 
major vector-associated adverse effect and has been well 
tolerated in previous clinical trials with other tissue targets. 
It was also well below (<0.1%) the dose of Ad5 vector associated 
with mortality in a study at the University of Pennsylvania.  
Dosing was based on a 2.5:1 particles: infectious unit ratio. 

Clinical (GMP) vector produced at the Belfer Gene Therapy Core, Cornell University  



Start-up was very slow 

• Establishing infrastructure, SOPs, 
monitoring, database, etc (2007-2008) 

• Conservative inclusion and exclusion criteria 
- of first 50 patients screened (screening 
begun 7/07) only 4 were eligible, so 
criteria modified (4/08) 

• All modifications took time (i.e., multiple 
oversight committees) 

• Patients high risk for excluding conditions 
• Demanding protocol (12 in/out-patient days) 



Modified from Zheng et al, J Gene Med (2010) 

AdhAQP1 Study Timeline 



Proc Natl Acad Sci USA (2012)  



AdhAQP1 protocol status 
• Eleven patients received vector (three 

@ 4.8x107; three @ 2.9x108; three 
@ 1.3x109; two @ 5.8x109 pu/gland), 
and enrollment closed (vector reached 
expiration date in May 2011) 

• All treated patients tolerated the 
vector and associated protocol 
procedures well, i.e., it was safe 

• There was objective and subjective 
evidence of efficacy in one 1st cohort 
patient, two 2nd cohort patients and 
two 3rd cohort patients (i.e., 5 of 11 
responded positively) 

Baum et al, Proc Natl Acad Sci USA (2012)  



Baum et al, Proc Natl Acad Sci USA (2012) 



Characteristics of all treated  
  subjects at baseline 

Baum et al, Proc Natl Acad Sci USA (2012)  



Adverse Events 

Baum et al, Proc Natl Acad Sci USA (2012)  



Changyu Zheng et al 



Gallium scans: an indicator of inflammation 

Baum et al, Proc Natl Acad Sci USA (2012)  



Baum et al, Proc Natl Acad Sci USA (2012)  

Effect of AdhAQP1 on Parotid Saliva Flow and Symptoms 



Responder 

Non-Responder 

 Time course of parotid saliva  
flow rates post-vector delivery 







Summary-1 

• Gene therapy strategy using AdhAQP1 to 
treat irradiation-damaged salivary glands 
was developed and tested in pre-clinical 
animal models 

• Preclinical results showed the strategy to 
be efficacious and generally safe 

• Following approval of a clinical protocol, 
AdhAQP1 was tested in a Phase 1 study 
at the NIH Clinical Research Center 
 
 
 



Summary-2 

• Gene transfer to human parotid glands is 
generally safe 

• Parotid gland dysfunction can be treated 
by localized gene transfer 

• Positive results in responders did not 
follow a time course predicted from 
previous studies in many animal species 

• There are useful measurement tools for 
future studies: parotid flow rate, visual 
analogue scale for symptom assessment, 
67Ga scans to assess inflammation 



Future studies of hAQP1 
gene transfer 

• Follow-up study of patients 
treated with AdhAQP1 (Ilias 
Alevizos, PI) 

• Phase I study of irradiated 
patients using AAV2hAQP1 (Jay 
Chiorini, PI; see Gao et al, Gene 
Ther, 2011) 
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