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Introduction 
 Purpose: review how these assays could be used in 

drug development, and how drug development could 
help generate the necessary information 

 Are we on the way to personalized medicine? 
 Describe function and potential role of immune 

assays in CMV drug development 
 Potential role in combined virologic + immunologic 

endpoints 
 Link back to IDSA clinical guidance publication and 

summary of data for SOT  
 Refer to more recent SOT data and data for HSCT 

 



Description of available commercial assays 

 Comparison of assay characteristics  
 Characteristics to be included 
 Cells – whole blood, PBMCs  
 CMV antigen source 

 Ease of use in clinical practice (or at clinical trial 
sites) – assay stability over time? 

 For purposes of drug development, these assay 
characteristics will be very important  

 



















  

Strictly Private & Confidential 

NON-REACTIVE 
 

REACTIVE 
 

Nil IE-1 pp65 Pos 

• Central Testing of T-SPOT.CMV at Oxford Immunotec, Memphis. 
• Samples rejected if >32h from collection. 

 
 
PBMC 

separated 
from whole 

blood 

2 x 105 PBMC 
added to 4 

wells in a 96 
well microtiter 

plate 

Microtiter 
plate pre-

coated with 
antibodies to 

IFNg 

4 wells are: 
-nil 

-IE-1 peptide pool 
-pp65 peptide pool 

-PHA positive control 

Spots read by a 
automated ELISPOT 
reader and results 

expressed in  
sfu/2 x 105 cells 
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T-SPOT.CMV in Kidney Transplant: The PROTECT Study 

• Multicenter, prospective, observational study   

• 583 kidney transplant subjects followed up to 1 year post-transplant 

• Serial blood draws were conducted as follows: 

 

Study Follow-up 

Baseline 
 (Pre or Post-transplant) 

Completion of ppx 
(Month 3 or 6) 

 

+1  
Month 

+2 
Month 

+3 
Month 

+4 
Month 

+6 
Month 

• Study rationale:  CMI is an essential pathway to control 

replication of CMV; therefore by measuring CMV-CMI, we 

can identify those patients with a robust immune 

response, capable of controlling the virus without therapy 

• Hypothesis:  CMV antigen sensitivity (high response) 

may suggest that the subject is subsequently at lower risk 

of clinical infection. 
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High-level Overview:  Spot counts at completion 
of prophylaxis against occurrence of CMV  

pp65 > 50 

Cohort NPV % High 
Count 

P-value 

All 97.0% 
(159/164) 

41.6% 
(164/394) 

<.0001 

D+/R- 86.4% 
(19/22) 

13.1% 
(22/168) 

0.3085 

R+ 98.6% 
(139/141) 

69.1% 
(141/204) 

0.0181 

IE-1 > 50 

Cohort NPV % High 
Count 

P-value 

All 97.7% 
(85/87) 

21.1% 
(87/394) 

0.0029 

D+/R- 75.0% 
(6/8) 

4.8% 
(8/168) 

0.8351 

R+ 100% 
(77/77) 

37.7% 
(77/204) 

0.0360 

pp65 and IE-1 > 50 
Cohort NPV % High 

Count 
P-value 

All 97.5% 
(77/79) 

20.1% 
(79/394) 

0.0064 

D+/R- 71.4% 
(5/7) 

4.2% 
(7/168) 

0.6694 

R+ 100% 
(71/71) 

34.8% 
(71/204) 

0.0492 



PROTECT:  KM Plot – Days from Completion of 
Prophylaxis to CMV Event (IE-1 OR pp65 > 50) 
 

CMV events were 
significantly lower in CMI 
positive vs. negative 
patients (2.9% vs. 17.6%, p 
= <0.0001).  

IE-1 OR pp65 > 50 = 
High Response / 
Positive Cellular 
Mediated Immunity 
(CMI) 
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The y-axis represents the percentage of patients who experienced a CMV eventThe x-axis represents the time since completion of prophylaxisThis figure clearly shows that patients who achieve a low immune response (red line) are significantly more likely to experience an event vs patients with a robust immune response as denoted by the blue line



CMV CMI (IE-1) at completion of ppx.  Overall cohort (n=368) 

Note: Boxplots of spot counts provided for each month; Box is 25th -75th percentile with line at 50th percentile 



Predictive algorithm to determine risk of CMV event 

IE-1, pp65 (log-transformed)  

Risk of CMV event along a continuous curve 

Interpretation: 
 
• Consistent with our understanding of 

cellular immunity, results will not fall into 
a simple positive/negative delineation, 
but rather will provide a response 
continuum expressed as risk correlated 
with clinical outcomes 

Utility of T-SPOT.CMV: 
 
• Helps determine immune competence 

against CMV infection 
• Assists with patient risk stratification 
• May help determine if antiviral therapy 

should be initiated or stopped 
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Predicted probability of a CMV event – algorithm 
examples 

Example 1:  
  
Max count of IE-1 or pp65 = 150 

IE-1, pp65 (log-transformed)  

Parameter Max(pp65,IE1) 
Values 150 

Prob Event 2.07% 

Max (pp65,IE-1) = 150 
Predicted risk of CMV event = 2.07% 

Risk of CMV event along a continuous curve 



Predicted probability of a CMV event – algorithm 
examples 

Example 1:  
  
Max count of IE-1 or pp65 = 3 

IE-1, pp65 (log-transformed)  

Max (pp65,IE-1) = 3 
Predicted risk of CMV event = 11.34% 

Parameter Max(pp65,IE1) 
Values 3 

Prob Event 11.34% 
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2018 T-SPOT.CMV publications and presentations 

• SOT:  5 publications planned for submission prior to end of Q3 2018 
 

 
 
 
 
 
 
 
 
 

• HSCT:  3 publications planned for submission prior to end of Q3 2018 

 
 

Location Enrollment Planned Submission 
or Publication Date 

Objective 

UK 108 Published March 20th Prognostic utility in kidney transplant 

US 583 Submission Q2 PROTECT:  Relationship of T-cell response to CMV 
antigens and risk of progressive CMV infection 

US N/A Submission Q3 Analytical validity of T-SPOT.CMV 

Spain 160 Submission Q3 Investigation of patient response randomized to pre-
emptive vs prophylactic therapy 

Spain 317 Submission Q3 Pre-transplant T-cell immunity is an additional independent 
variable predicting CMV infection 

Location Enrollment Planned Submission 
or Publication Date 

Objective 

US 60 Submission Q2 Test utility in the management of HCT patients with low 
viral loads 

US 244 Submission Q2 REACT: Overall observations 

US 244 Submission Q3 REACT:  Test utility at week 2, week 4 and delta change 
from baseline 

Accepted as an oral presentation at:  
 
1) American Transplant 

Conference                     
(Seattle - June 4th)  

2) The Transplantation                              
Society  

       (Madrid - July 2nd) 
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TSPOT.CMV will be the subject of 3 oral presentations at the most prestigious Transplantation conferences in June and July.  5 publication planned in Kidney that represent over 1000 patients 



QuantiFeron 















 Regulatory perspective on assay parameters – not 
sufficient data yet 
 Central vs. local lab will be important 
 Are assays sensitive in terms of time 
 Things have improved but not yet perfect  

 Quantiferon should be OK to send out 
 Clinical labs have to verify stability  

 Impact of immunosuppression on assay performance 
 Challenge bc of difference center to center, organ to organ 
 Whether using T cell depleting induction therapy 
 What is the role of lymphocyte depleting therapies in lymphocyte 

dependent assays? 
 E.g. Liver transplant vs kidney transplant 

 Important to report outcomes in patients in whom assay could 
not be done (assay failed) 
 Need more systematic approach to reporting/publishing 
 



Role in CMV drug development 
 When could an immune assay be a standalone assay vs 

adjunct to VL? 
 If highly predictive for duration of prophylaxis 

 Avoid unnecessary prophylaxis/treatment 
 Two decision points 
 When to start treatment?  
 When is it safe to stop prophylaxis/treatment? 

 Regulatory perspective – have not seen the data yet 
 Will need to see a lot more data before understanding how to 

use immune assays as endpoints 
 Divide by risk populations for SOT and HSCT (D/R) 
 Lots of small trials, some larger trials 
 Reasonable data on use seropositive SOT recipient 

 



How to best use these assays 
 Review of existing data for question i (when to start) 

 SOT 
 Divide by risk group 

 HSCT 
 Divide by risk group 

 Review of existing data for question ii (when safe to stop) 
 SOT 

 Divide by risk group 
 HSCT 

 Divide by risk group 

 Review level of evidence 
 Is the level of evidence sufficient for i: when to start treatment 

 For what patients? 
 Is the level of evidence sufficient for ii: when is it safe to stop prophylaxis/treatment 

 For what patients? 

  Identify research gaps 

 Opportunities for filling the gaps  
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