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TDM: search for better PK-PD markers 

the « quest of the GRAAL » 

• Since the years ’70, permanent search for optimal 

marker of efficacy/toxicity e.g.: 

– Plasma, whole blood, free vs total fraction 

– Sampling time: Cmin, C2, Cmax, full AUC … 

• Progress in pharmacokinetics 

– Mathematics: Pop PK, Bayesian estimates, short 

AUC,… 

• Pharmacogenetics (SNPs): 

- Biotransformation enzymes 

- Drug transporters 

• Progress in analytical methods (automation, LC-MSMS, 

MALDI, SIMS …) 
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Utility of intracellular concentrations

May be only a speculative issue?

Modified from Pr Pierre Wallemacq, 



Utility of intracellular concentrations

the topic is interesting and recently it is being developed



Class Target Site of Action N° drugs

N(t)RTI
Reverse 

Transcriptase
Intracellular 9

26
NNRTI

Reverse 

Transcriptase
Intracellular 5

PI Protease Intracellular 9

II Integrase Intracellular 3

FI Gp41 Extracellular 1

2CCR5 

Antagonist
CCR5 Extracellular 1

SITE OF ACTION OF ACTUAL 

ANTIRETROVIRAL DRUGS

The majority of antiviral drugs act at the intracellular level

…then intracellular PK is important!!!



Biological / anatomical / physiological barriers

Compartment Blood Compartment 

TRAFFIC

We can assume PBMC (or tissue) as a compartment, and 

each drug has different capacities to penetrate inside cells

Drug 1 Drug 1 

Drug 2  Drug 3  
R

Cell associated DNA 

Cell Free RNA

Target Cells

R

Clinical relevance - Compartmental viral evolution

Insufficient intracellular drug 

concentrations may select resistant strains.

PBMC



blo

od

blo

od

Hydrophilic antibiotics

Lipophilic antibiotics

blood interstitial fluid

interstitial fluid

cell

D.E. Nix et al., Antimicrob. Ag. Chemother., 1991, modified.

blood

Betalactams

Aminoglycosides

Glycopeptides

Macrolides

Quinolones

Remember 

compartment…

Each drug has own 

chemical and physical 

characteristics 

influencing passive and 

active diffusion 

(inside-outside 

compartments and cells).



all drugs are affected by 

passive and active transport 

using several transport 

proteins 

Membrane transporters

Modified from Pr Pierre Wallemacq, 

Bazzoli C. et al 2010



Drug cell entry

Modified from Pr Pierre Wallemacq, 

intracell



Blood/Plasma concentration does not necessarily 

predict target site drug concentration

Blood concentrations are

regulated by PK and PG

– Bioavailability (first pass

effects)

– Distribution (fu,..)

– Drug transporters (P-gp,…)

– Biotransform enzymes

(CYP3A…) and clearance

– Drug interactions

• Typical time-conc profile

Modified from Pr Pierre Wallemacq, 



Intracellular drug concentrations

First reports for the interest of intracellular drug conc. 

– Lithium in RBC in 1977 (Hisayusu GH et al, Clin Chem, 1977, 23, 41-5) 

– CsA in hepatocytes in 1992 (Sandborn et al, Hepatology 1992, 15,1086-91) 

– Fluoxetine in RBC in 1993 (Amitai Y et al, Vet Hum Toxicol, 1993, 35, 134-6) 

– CsA in lymphocytes in 1998 (Masri et al, Transplant Proc, 1998,30,3561-2) 

– Lamivudine in lymphocytes in 1999 (Moore et al, AIDS, 1999, 13,2239-50) 

– Protease inhibitors in lymphocytes in 2002 (Chaillou S, HIV Clin trials, 

2002,3,493-501) 

– MPA in lymphocytes in 2007 (Benech H, J Chromatogr B Analyt Technol Biomed 

Life Sci, 2007,853,168-74) 

Modified from Pr Pierre Wallemacq, 

…rate of accumulation of ARVs within the cells is still debated due to 

scarce and controversial data and methodological limitations.

Evaluation of intracellular drug concentrations could be 

very important!



Intracellular Tacrolimus 

Would intracellular tacrolimus 

better predict efficacy or toxicity 

than whole blood? 

From experience in other areas….



Tacrolimus concentration in liver biopsies 
Relationship with histologic rejection score

Choice of alternative biological 

matrix
– Better correlation between Tac tissue 

levels [<30 pg/mg] (hepatic biopsies) and 

score for rejection than with whole blood

– Surrogate marker for lymphocytes?



There are some strong correlations between intracellular

concentrations and toxicity and/or the risk of organ rejection.

the key factors (correctly used) of these works are:

1) the intracellular values were expressed per million cells

2) the cell count was performed with an automated system



Other drugs?

Other clinical (infective) areas?



Multiple Classes of Direct Acting Antiviral 

Agents

3’UTR5’UTR Core E1 E2 NS2 NS4BNS3 NS5A NS5Bp
7

Polymerase

Telaprevir

Boceprevir

Simeprevir

Asunaprevir

ABT-450

MK-5172

Faldaprevir

Sovaprevir

ACH-2684

Daclatasvir

Ledipasvir

ABT-267

MK-8742

GS-5885

GS-5816

ACH-3102

PPI-668

GSK2336805

Samatasvir

Sofosbuvir

VX-135

IDX20963

ACH-3422

ABT-333

Deleobuvir

BMS-791325

PPI-383

GS-9669

TMC647055

NS5B

NUC Inhibitors

NS3

protease inhibitors

NS5A

Replication 

Complex 

Inhibitors

Ribavirin
NS5B

Non-NUC 

Inhibitors

Protease

HCV





HCV - Telaprevir & Boceprevir in Human 
Plasma 

ONLY PLASMA PK DATA ARE AVAILABLE…



PATIENTS (FROM AMEDEO DI SAVOIA HOSPITAL)

Characteristics

Median Values

Or

Frequencies (number of cases)

BOC TEL

Number of patients 25 10

Weight (kg) 78.0 IQR (70.0-83.5) 80.0 IQR (74.3 – 87.5)

BMI 25.5 IQR (23.9-28.6) 27.6 IQR (24.9 – 29.8) 

Sex (M/F) 18/7 9/1

Age (years) 46.0 IQR (42.0-52.5) 43.0 IQR (37.0 – 57.3)

Viral Genotype (1a/1b) 12/13 4/6

RBV Dose (mg) 1200 IQR (1000-1200) 1000 IQR (1000 – 1200)

PEG-INF Dose 120 IQR (100-150) 180

Type of PEG-INFα (2a/2b) 2/23 10/0

Metavir (F0/F1/ F2/ F3/ F4) 1/5/4/5/10 2/3/0/2/3

1 month and 3 months



PATIENTS RESULTS - 1

 ACCUMULATION OF BOTH DRUGS ACTIVE ISOMER (-S) IN PBMCS

WHEN COMPARED TO PLASMA CONCENTRATIONS

 GREATER PRESENCE OF THE –S ISOMERS, COMPARED WITH THE –R 
ONES

Median PBMCs/Plasma Ratio: 28.6 Median PBMCs/Plasma Ratio: 2.6 



HCV - Discussion

BOC and TEL accumulate in PBMCs

Outstanding greater presence of -S 
isomers, justifying antiviral S isomers 
activity both for TEL and BOC

The low number of patients can not allow a significant 

correlations with toxicity or therapeutic response

maybe the same happens in hepatocytes (?) explaining 

why it is S-isomer works

….useful data for other isomeric drugs 

(sofosbuvir -S, GS-7977)?



HBV - Entecavir

Entecavir significantly accumulates inside PBMC

Data on n=11 patients

Explorative Data

De Nicolò et al. Submitted

HBV



HBV - Entecavir

PBMC/Plasma Ratio is around 250

Strong correlation between RATIO (1 month) and 

logarithmic HBV-DNA decline (3 months)

R2=0.881

P=5.7x10-5

Data on n=11 patients

Explorative Data

De Nicolò et al. Submitted





 High inter-individual variability of the ratio

 Isoniazid seems to not accumulate within cells  

 Rifampicin seem to a little accumulate within cells (Cmax only) 

 Pirazinamide seems to not accumulate within PBMCs

 Ethambutol accumulation of 30-15 times in PBMCs 

Ratio

Ctrough intracellular/Ctrough

plasma (Median, IQR)

Ratio

Cmax intracellular/Cmax

plasma (Median, IQR)

W
ee

k
 2

INH - 0.03 (0.16-0.055)

RFP 0.73 (0.27-1.54) 1.3 (0.9-1.72)

PZA 0.05 (0.04-0.8) 0.04 (0.03-0.07)

ETB 34.5 (27.4-61.4) 15.1 (3.7-40.3)

W
ee

k
 4

INH - 0.02 (0.015-0.2)

RFP 0.73 (0.29) 1.12 (0.8-2.65)

PZA 0.07 (0.05-0.9) 0.07 (0.045-0.185)

ETB 35.3 (19.2-81.59) 32.5 (18-36.83)

Baietto L. et al. Submitted

intracell



ARVs Examples



PIs

5 fold

Different accumulation ratios 

between protease inhibitors in 

Cmin and Cmax with a high 

variability.



PI - Ritonavir

The different penetration capacity of molecules are influenced by concomitant 

medications of each patient.



Referring to the intracellular concentrations of ritonavir and PIs, ritonavir could 

have a possible additive and / or synergistic antiviral activity.



Ritonavir PBMC/Plasma Ratio changes according to the concomitant PI



RESULTS

PATIENTS CHARACTERISTICS (N=14)

Gender (male) n, % 12 (85.7%)

Age (years) med, IQR 48.6 (43.3-52.9)

BMI (Kg/m2) med, IQR 25.2 (22.4-27.8)

HCV+ n, % 6 (42.9%)

CD4 (n/μL) med, IQR 597 (506-666)

VL copies/mL <20 all patients

PHARMACOKINETICS 

RPV pC12 ng/ml med, IQR 190  (43.3-52.9)

RPV iC12 ng/ml med, IQR 1366 (943-2776)

RPV i/p ratio med, IQR 6.3 (4.7-9.1)

TDF pC12 ng/ml med, IQR 73 (58-103)

FTC pC12 ng/ml med, IQR 350 (242-453)

 These are the first data on intracellular rilpivirine penetration. 
 Plasmatic and intracellular RPV concentrations showed a trend towards 

correlation (p=0.078, r: 0.486). 
 RPV showed an high accumulation rate in PBMCs, with a ratio (6.3) well

above those reported for other NNRTIs (nevirapine, efavirenz and
etravirine), ranging from 1.3 to 0.05*.

 Further clinical studies are warranted in order to elucidate clinical
implications of RPV intracellular exposure.

*Bazzoli C, et al. Clin Pharmacokinet 2010; 49 (1): 17-45 



Bazzoli C. et al 2010



Bazzoli C. et al 2010



Bazzoli C. et al 2010



TDM…

The correlation between plasma 

and intracellular drug 

concentrations are essential to 

not consider useful the TDM in 

PBMCs.



Utility and futility of plasma 

concentrations

Often lack of correlation between plasma 

concentration and tissue concentration (site of action)

Modified from Pr Pierre Wallemacq, 



Plasma and intracellular drug concentrations were

“often” statistically correlated (but with controversial

data!; No NRTIs and many times PIs [Bazzoli C. et al 2010;

D’Avolio A. et al 2014]).

rho = 0.842 p < 0.001

D’Avolio A. et al  - ICAR 2011

D’Avolio A. et al  - JAC 2012

Ritonavir 

considering 

all boosted 

PIs



Technical and Methodological Issues



The raltegravir

“paradigm”



II - Raltegravir

This paper confirm the previous with 

no accomulation of  raltegravir within 

the cells

But ratio is different (0.2 – 0.5).



II - Raltegravir*



II - Raltegravir

Which data are correct for raltegravir?

There are key methodological factors:

The wash numbers and time!

Raltegravir goes very easy outside the PBMC.



Technical Questions

Intracellular TDM for ARVs should be 

in PBMC cells



CPT tube or Ficoll for PBMCs isolation?

How many times we have to wash PBMCs?

Cold Ice Phosphate buffered saline (PBS), NaCl 0.9%, oil or  

other solution?

How to count PBMCs?

How to converse absolute drug determination in ng/mL?

Open questions…



Technical Conclusions
…for ARVs (and other drugs) intracellular 

determinations

To date, there isn’t a “gold standard” methodology.

• PBMCs isolation: 
– CPT tube or Ficoll separation? 

– Number of washes? 

– Kind of solution? PBS, NaCl 0.9%, Oil, other? 

You have to choose on the basis of your drug!



Technical Conclusions

Other KEY FACTORS for a correct intracellular 
drug evaluation are:

• Automated counting with Coulter Counter, with calculation 

of Mean Cellular Volume [MCV] for a personalized 

evaluation and data correction in ng/mL).

• No use of 400 fL, it is incorrect! [Simiele et al.,  AAC 2011] 

(at least report results per 10-6 cells)

• Chromatographic methods… others discussion points





Conclusions
•Intracellular concentrations of ARVs could play a major

role in their efficacy and toxicity, and are influenced by

numerous factors.

•The number of published clinical studies in this area is

limited; most studies have been small and not always

adequately designed.

• Larger and prospectively designed clinical studies are

needed to further investigate the links between

intracellular concentrations of ARVs and clinical

endpoints.

•Standardization of assays and PBMC counts and

use of MCV should be warranted.

Bazzoli C. et al 2010

D’Avolio A. et al. 2014



TAKE HOME MESSAGES

….routinely TDM for ARVs 

should be performed only in PLASMA 

despite poor correlation between 

plasma drug concentrations and 

intracellular drug concentrations 

Actual methods are NOT EASY to perform and they 

could have high imprecision if not well validated! 

Maybe for research only… 

excluding immunosuppressive drugs.
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