
Pr. Joseph Ciccolini
COMPO  CRCM

INRIA Inserm U1068
Biogénopôle 

CHU Timone  APHM

Exposure-Response relationships  with immunotherapies:
Could TDM make PK an actionable issue?
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Back to the Roots!

• There is a twofold relationship: between dose and exposure, and between 
exposure and PD endpoints. 

• Dose-response relationships can be loose for most cancer drugs.

Dosing Effects

BLACK
BOX

PK/PD
E-R relationships



• Contrary to what Big Pharma claims..... E-R are not so flat with immune checkpoint 
inhibitors! 

Back to the Roots!



 TDM & PK could be potentially:

• Helpful to predict efficacy or tox?
• Helpful to de-escalate treatments?

 TDM & PK is:

• Nothing but a waste of time

Back to the Roots!



Infiltrated 
T cells ?

Circulating
T cells ?

Both?

Prior 
(i.e., during Priming ?

Back to the Roots!

Where is the real action? 



Even very low doses of 
nivolumab do the job.. 

So why  should we bother?

Back to the Roots!

…. But how is target engagment at the tumor level?
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Back to the Roots!

Which metrics for exposure  is actually relevant? 



Dosage does not predict survival…… but trough levels do!

Dose-Exposure relationships with anti-CTLA4



Trough levels  predict IRAEs too!

Dose-Exposure relationships with anti-CTLA4



Responding patients have higher trough levels

• E-R relationships with Nivolumab (NSCLC)

Does it work with anti-PD1?



<24.7 µg/ml

<24.7 µg/ml

But multivariate analysis kills the E-R relationships!

• E-R relationships with Nivolumab (NSCLC)

Does it work with anti-PD1?



Extended PFS + OS in patients with higher nivolumab levels
Better response if higher nivolumab levels + favorable genetic profile

• E-R relationships with Nivolumab (melanoma)

Does it work with anti-PD1?



Does it work with anti-PD1?

Most patients are > 10 µg/mL

• E-R relationships with Pembrolizumab



Does it work with anti-PD1?

• E-R relationships with Pembrolizumab

Baseline clerance predicts survival



Does it work with anti-PD1?

• E-R relationships with Pembrolizumab

Increasing dosing in patients with Pembro levels < 16 µg/mL stretches the PFS 



Does it work with anti-PD1?

• E-R relationships with Pembrolizumab

Unilateral de-escalation with Pembro does not compromise OS or PFS



Does it work with anti-PD1?

• E-R relationships with Pembrolizumab

Unilateral de-escalation with Pembro does not compromise global efficacy



19 Patient with reduced clearance of pembrolizumab at risk of IRAEs?

Dr S. Harbi

Male Patient,  50 years old, Hodgkin Lymphoma
4 Courses of standard Pembrolizumab
 Acute Kidney failure (creat 122 µM)
 Rhabdomyolysis (CPK 4573 Ui/l)
 Autoimmune peripheral hypo-thyroidism
 TDM: 14 µg/ml of pembrolizumab

Does it work with anti-PD1?

• E-R relationships with Pembrolizumab



• Inter-patient variability

Does it work with anti-PD1?

Marked inter-patient variability on PK!



Does it work with anti-PD1?

• Clearance values and Trough level at C1 are 
both strong predictors of the PFS  in patients 
treated with pembrolizumab (log-rank test  p<
0,0001).

• Independent predictor after multivariate 
analysis [Age, Sex, Associated chemo, PDL1 
status, Albuminemia, Creat, tumor size, LDH, 
NLR, Ecog status]:    Cmin Cycle1  p = 0,0034. 

Pembrolizumab: Clearance values and trough levels at C1 predicts PFS and early-progression! 

PF
S



Does it work with anti-PD1?

Nivolumab: Trough levels at C1 predicts early-progression + trend on PFS! 
PF
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Does it work with anti-PD-L1?

Atezolizumab: no E-R relationships !
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DOES EXPOSURE REALLY  MATTER?

Low drug levels make 
big tumors! No! Big tumors make 

low drug levels!

Target Mediated Drug Disposition (TMDD) with mAbs
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measured
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Is the truth out there?



TMDD with anti-PD1/PDL1  would then suggest that:

o The more infiltrated T lymphocytes in tumor….  the lower the efficacy?
o The higher PDL1 expression….. the lower the efficacy ?

Target Mediated Drug Disposition (TMDD)… with immune checkpoint inhibitors?

Is the truth out there?

measured measured
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26

• The targets of most immunotherapies are immune cells, not tumor cells! 

• The antigenic mass is not correlated to tumor burden (i.e., anti-PD1, anti-CTLA4)!

• But big tumors and poor performance status could lead to cachexia

Disease Progression could thus indirectly increase mAb clearance!

Target Mediated Drug Disposition (TMDD)… with immune checkpoint inhibitors?

Is the truth out there?



• Nivolumab

3 mg/kg Q2W 240 mg Q2W 480 mg Q4W

• Pembrolizumab

200 mg Q3W2 mg/kg Q3W

Flat-Dosing could lead 
to strong overexposure 

in some patients!

It is assumed that ALL cancer patients weight 80-100 kg

Can PK help de-escalate dosing?



Can PK help de-escalate dosing?



Can PK help de-escalate dosing?

In silico modeling helps select alternative dosing/scheduling
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a year 9 injections 
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Can PK help de-escalate dosing?

In silico modeling helps select alternative and personalized dosing/scheduling



Pr L. Greillier
CHU Nord

100% patients are strongly over-exposed !

Can PK help de-escalate dosing?



Possible to shift from 1200 mg Q3W to 1200 mg Q12W !
Alternative: 1200 mg Q3W to 96 mg Q3W !

Pr L. Greillier
CHU Nord

Can PK help de-escalate dosing?



Pr L. Greillier
CHU Nord

Can PK help de-escalate dosing?

TDM could be cost-effective!



2 435 000 € 

2 572 000 € 

Pr L. Greillier
CHU Nord

Can PK help de-escalate dosing?

TDM could be cost-effective!



« We shall de-escalate dosing» « we shall customize dosing»

To sum up

TDM makes sense
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Engagement?

• Customizing Pembrolizumab

>60% inter-patient variability on PK!Increase dosing

Decrease dosing

To sum up



 Atezolizumab (Tecentriq®)

 Bevacizumab (Avastin®)

 Cetuximab (Erbitux®)

 Ipilimumab (Yervoy®)

 Nivolumab (Opdivo®)

 Pembrolizumab (Keytruda®)

 Rituximab (Endoxan®)

 Trastuzumab (Herceptin®)

 Trastu-emtansine,  Trastu-deruxtecan

Agnostic (MSI-H)

To sum up

Routine TDM in Marseille 
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