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Systemic inflammation: a nonnegligible factor in precision pharmacotherapy
WANG Qian(Dept. of Pharmacy, the First Affiliated Hospital of Army Medical University, Chongging 400038,
China)

ABSTRACT Systemic inflammation, commonly observed in pathophysiological states such as infection, malignancy, stress, and
aging, is an important non-genetic factor affecting drug metabolism. Under inflammatory conditions, inflammatory indicators such
as interleukin-6 (IL-6) and tumor necrosis factor-a inhibit the expression of the cytochrome P450 (CYP450) enzyme system and
drug transporters via pathways including nuclear factor-kB, and alter plasma protein binding and tissue distribution, causing in vivo
drug exposure to deviate from genotype-based predictions and leading to phenoconversion, which is a discordance between the
clinical drug-metabolizing phenotype and the drug-metabolizing genotype. This affects the precision of personalized medication
decisions based on genotype, target expression, and physiological parameters. Among cytokines, IL-6 broadly affects enzymes such
as CYP3A4, CYP2C19, CYP2CY9, and CYP2D6 and transporters such as P-glycoprotein, while IL-6 inhibitors can reverse its
inhibitory effects on CYP450 enzymes. Incorporating baseline inflammatory status and its dynamic trajectory as time-varying
covariates into population pharmacokinetic models, in combination with therapeutic drug monitoring and artificial intelligence, is
expected to enable inflammation-driven precision dosing. This article reviews the effects and molecular mechanisms of systemic
inflammation on drug-metabolizing enzymes and transporters, analyzes the challenges and prospects of integrating inflammatory
indicators into personalized pharmacotherapy assessment, and proposes that systemic inflammation, as a systemic variable, should

be emphasized, with basic and clinical research strengthened and inflammatory status and its dynamic trajectory incorporated into

medication decision-making, which may improve the precision of personalized pharmacotherapy.

KEYWORDS systemic inflammation; metabolic phenotype; phenoconversion; interleukin-6; tumor necrosis factor-a; CYP450

enzymes; transporter; precision pharmacotherapy
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IL-6) 85 /K- b 38 T fmn e 32 2 4 i R 26 BRI 4 040
o BRI S o L L i e R ) fih & PR 2R R T B
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S AR A PRGN 5 J5 5 S P MRS BUZH U8 C/EBP J2
ABE N, RECCYP3AL B T IH™, FEAMEAE 45
St¥E i, IL-1B %t PXR A CAR (1 F I E F ok i %
(355 90% H160% ) , HAT Rl T 8 RXRa 55 2%
AR TL-6 (A4 FH UDAR G B EL e, A KA
P2 CYP3A4 I BAR » FHLHIILE 1.

+ 2624 - China Pharmacy 2026 Vol. 37 No. 20

i
IL-6R
gpl30
IL-IR TIII;IEM
*e®, IL-l}gT
o o
82
000 = v
l \. JAK
P = < o
NF-xB STAT3
NF-«B
l
l \ °STATS
I

\ N
CAR
NF-xB
p65 T3k .RXRu .PXR

PXR-RXR Z 45

\I\l\l\l\I\I\I\I\I\I\I\I\I\I\I\
KK : Tk B s TL-1R : (A1 A -1 32 44 TL-6R : (402652
Mes 1 BTG e AR VRV R s T LR ARIVE T s P iR AL
B1 HERFIEE CYP3A4 I FHlLE

2GS 2026 AR5 37 45 20 ]



SE P X 25 Wy d (AR 0 R TR AR AR T 280 N
BER 5T SNE Ml S NF-kB, LUK PXR 17
T AL Fh ATP 45 & G55 18 UV I R R 12 1A i) 3
kM, fE NS 4 i b, IL-18 S R H OATPIBL,
OATP1B3 FlA-fifi IH F M S i1z 8 1 SF 4 U 8 R 1Y
wEEMEE T, | ng/mL W40 H FIE &9 nl ff
OATP1B1/3 1 OAT2 1y &% iz % 1 43 5l % Ik 75% F
829", Wi Rk iE IR IFIRE 37 2 9 RE AR | = VR A R 1k
20 R 7 1] R 5 %18 P-gp .BCRP .MRP2/3 }2 OATP2B1
AR mRNAZKF- . (EAFRT AR , AN A s o)
ERE AR I 7 18] T BEFHA—2, A k45 i % v P-gp 1E
SN E AZ AN b T SR HoEs B 4V s
PR SR
4 RIEBHRANNMEU AL THAIERSRE

YT JRAEXT AR T2 1 B 55, A L ERR A 56
G RAE PR AT IR R o SR, B A A IR F i R

AR U CRP \PCT FIjbk U 20 B 1145, I AN R 1 B2 S ik 2Y
PRI 55502 A8 s HARR A e LG AR U LA
HEAL , DRLIHOE LATE BT 45 09 I PR P SR . — i
COVID-19 RyiA7 % WL EHES) 1 BEARMA &5 IL-6 4
PESTHTHAR DG PRIV, (55 ARSI B AR 2 T e mT &
PEPLEAR 7, Ry IL-6 55 R AEHE bR g AL 25174 B
T B S — i, N TR RER AR (i i B 2
Il PRIEE 2% PR R (9 Ab B R A T R o 3T I PRACE 3K 30 114
TR 25 1% 8 ) % # B (population pharmacokinetic
model, PopPK ) il i JE £ M1 G 2 n R 7 2 Ab A~ 1A 1]
AR AR AR TE AR B T RE S P AR X 2y
RSB FE , IEE55 R 97 290 W Bs E4 7 DL S o
B, TG ARG T FH 24 b R 3 17 FH R

ASRHITE RN FH A% 1], S 9 RE A Wb o
B4 ) PopPK AR Hhv | A R B4 T F e AR 1 259
S, DAY E AP (infliximab) A1), BF9E B4R
FIER PR 20 L CD64 FIZT 4 i T R 53X 4 Fof i st
[ AR A A= PP bn A A 2548 80 7 2 | i 2508 1%
2175 300 RN SR 30 20 R 30T %) O 1 RS R R X — R
(1) S5 i 7 7 T« 5 2R R A L 4 R R (R 2 771 kA
Ll B S RE 8 b 04 B0 A8 0300 A S B A5 DA e g AR
FIE A% T M L Y0 25 ) R R AR Ak R B R Uik
AT R 2 ARG YTt AE 2B )2 AR R R
F51,

AT BR IR By A Ak FH 24 T 1 A BRI IR T A
WA BEEIE AR . AR R, 2T R iy n]
2 H ARG RUCR SR R G AE ) LRE I W4 b RSl 4
By RAE R REAE B nI AT . X R G853 #1 CRP A1 IL-6

TEZED; 2026 455 37 5 20 1

W sh 27484k, B 4n 24 CRP #8 i 20 mg/L H AL AT Tt &
50% , B 1L-6 #1250 ng/L H.FF 5 50% I, R G52 fih &
Il RIS, S B W, RAEHE BRI PR G 7 22
BEXF BB  BAR 2 A BRI YT B Bt AT O SR ik
T, TR SR FH I FH A 5 )
b &g

4 B VRS 8 i A 25 M A G B sh 2 e s 1A
G2 BmHLH, AU A 2RI . 25 RO
e AP R B SR D REPE R AL AR RS Y SE R A
W, FEFITT 24507 Sk, JU B 0 50 5008 M AR
B RS BRI S5 A1, i 55 S ATl 8 1 R
FEOPRAS o FHA I WIS A R AL AL R SE L E A
NS AR 25 IRk 5 2 i et —2 .

JUEFT ST, (EH TL-6 25 R KTk P40 AR
2P AT AT — e n) TR 2 M1 i, fBE 1R
FERATEZ RARE b LUy 0 FEA ARl N
WUE 2T R RN DG R 7 I A5k — ) i, 5
“HRAE PR 7KV 5 24 e B A R G AR T BRI J0 A
HETR FMLHIER 3 A 5| S 24225 10 R G
GG RAEPIEHLHI BB e A PRE Y Y Jas BRME:
DL R AR AR B R, 25 R I FH A o 1 B Sk k5 RN
TR T HINEE T 2RI A 010 ) A2
PR SR A P A R DL B DR 2 A M A A g PR s , Sk G
Wk T A RAEFR BRI 1A 25 17 1 1E Ab T DA
ARG UE [ 15 DR 2P Ak W 1) SR o B, L e ) B e S
WF5E G R ZG B2 AR W) TR A DA 55 24 1 £ 22 R

[l fE 2t
FIFEMESE A AR 5 AR A LA 509 R
S 30k

[1] Tremmel R, Hiibschmann D, Schaeffeler E, et al. Innova-
tion in cancer pharmacotherapy through integrative con-
sideration of germline and tumor genomes[J]. Pharmacol
Rev,2025,77(1):100014.

[2] Stanke-Labesque F, Gautier-Veyret E, Chhun S, et al. In-
flammation is a major regulator of drug metabolizing en-
zymes and transporters: consequences for the personaliza-
tion of drug treatment[J]. Pharmacol Ther, 2020, 215:
107627.

[3] Klomp S D, Veringa A, Alffenaar J C, et al. Inflammation
altered correlation between CYP2C19 genotype and
CYP2C19 activity in patients receiving voriconazole[J].
Clin Transl Sci,2024,17(7) :e13887.

[4] Giunta S, Wei Y Q, Xu K Q, et al. Cold-inflammaging:
When a state of homeostatic-imbalance associated with aging

precedes the low-grade pro-inflammatory-state (inflam-

China Pharmacy 2026 Vol. 37 No. 20 £ 2625 -



(10]

[13]

[14]

[15]

-+ 2626 -

maging) : meaning, evolution, inflammaging phenotypes
[1]. Clin Exp Pharmacal Physiol, 2022,49(9) :925-934.
Wang W J, Sung N, Gilman-Sachs A, et al. T helper(Th)
cell profiles in pregnancy and recurrent pregnancy losses:
Th1/Th2/Th9/Th17/Th22/Tth cells[J]. Front Immunol,
2020,11:2025.

Morgan E T. Shining a light on inflammation as a critical
modulator of drug metabolism[J]. Drug Metab Dispos,
2024,52(10):1039-1047.

Lenoir C, Daali Y, Rollason V, et al. Impact of acute in-
flammation on cytochromes P450 activity assessed by the
Geneva cocktail[J]. Clin Pharmacol Ther, 2021, 109 (6) :
1668-1676.

Filippelli A, Signoriello S, Bancone C, et al. Prospective
validation of the International Warfarin Pharmacogenetics
Consortium algorithm in high-risk elderly people (VIALE
study ) [J]. Pharmacogenomics J,2020,20(3) :451-461.
Shang S L, Cheng L, Li X Y, et al. Effect of CYP2C19
polymorphism on the plasma voriconazole concentration
and voriconazole-to-voriconazole-N-oxide concentration
ratio in elderly patients[J]. Mycoses, 2020, 63(11) : 1181-
1190.

Klsditz K, Tewolde E, Nordling A, et al. Mechanistic,
functional, and clinical aspects of pro-inflammatory cyto-
kine mediated regulation of ADME gene expression in 3D
human liver spheroids[J]. Clin Pharmacol Ther, 2023, 114
(3):673-685.

Hao T R, Tsang Y P, Yin M Y, et al. Dysregulation of hu-
man hepatic drug transporters by proinflammatory cyto-
kines[J]. J Pharmacol Exp Ther, 2024 ,391(1):82-90.

de Jong L M, Harpal C,Berg D V D, et al. CYP P450 and
non-CYP P450 drug metabolizing enzyme families exhibit
differential sensitivities towards proinflammatory cyto-
kine modulation[J]. Drug Metab Dispos, 2024, 52 (12) :
1429-1437.

Machavaram K K, Endo-Tsukude C, Terao K, et al. Simu-
lating the impact of elevated levels of interleukin-6 on the
pharmacokinetics of various CYP450 substrates in pa-
tients with neuromyelitis optica or neuromyelitis optica
spectrum disorders in different ethnic populations[J].
AAPS J,2019,21(3) :42.

Vet N J, Brussee ] M, de Hoog M, et al. Inflammation and
organ failure severely affect midazolam clearance in criti-
cally ill children[J]. Am J Respir Crit Care Med, 2016, 194
(1):58-66.

Xu'Y,Hijazi Y, Wolf A, et al. Physiologically based phar-
assess the influence of

macokinetic model to

China Pharmacy 2026 Vol. 37 No. 20

[16]

[18]

(19]

[20]

(23]

[24]

(25]

blinatumomab-mediated cytokine elevations on cyto-
chrome P450 enzyme activity[J]. CPT Pharmacometrics
Syst Pharmacol,2015,4(9) :507-515.

Shedlofsky S I, Israel B C, McClain C J, et al. Endotoxin
administration to humans inhibits hepatic cytochrome
P450-mediated drug metabolism[J]. J Clin Invest, 1994, 94
(6):2209-2214.

Caris J A, de Lima Benzi J R,de Souza F F L, et al. Rheu-
matoid arthritis
OATPI1B1: fluvastatin as a probe[J]. Eur J Pharm Sci,
2020,146:105264.

Cestari R N, de Oliveira R D R,de Souza F F L, et al. Sys-

downregulates the drug transporter

temic lupus erythematosus activity affects the sinusoidal
uptake transporter OATP1B1 evaluated by the pharmaco-
kinetics of atorvastatin[J]. Clin Transl Sci, 2020, 13(6) :
1227-1235.

Trousil S, Lee P, Edwards R J, et al. Altered cytochrome
2E1 and 3A P450-dependent drug metabolism in ad-
vanced ovarian cancer correlates to tumour-associated in-
flammation[J]. Br J Pharmacol, 2019, 176 (18) : 3712-
3722.

Gatti M, Pea F. The cytokine release syndrome and/or the
proinflammatory cytokines as underlying mechanisms of
downregulation of drug metabolism and drug transport: a
systematic review of the clinical pharmacokinetics of vic-
tim drugs of this drug-disease interaction under different
clinical conditions[J]. Clin Pharmacokinet, 2022,61(11) .
1519-1544.

Dunvald A D, Jarvinen E, Mortensen C, et al. Clinical and
molecular perspectives on inflammation-mediated regula-
tion of drug metabolism and transport[J]. Clin Pharmacol
Ther,2022,112(2):277-290.

Gravel S, Chiasson J L, Turgeon J, et al. Modulation of
CYP450 activities in patients with type 2 diabetes[J]. Clin
Pharmacol Ther, 2019, 106(6) : 1280-1289.

Liang Z M, Yu M J, Liu Z R, et al. Inflammation affects
liver function and the metabolism of voriconazole to
voriconazole-N-oxide in adult and elderly patients[J].
Front Pharmacol, 2022,13.835871.

Chen K F, Jones H M, Gill K L. Physiologically based
pharmacokinetic modeling to predict drug-biologic interac-
tions with cytokine modulators: are these relevant and is
interleukin-6 enough? [J]. Drug Metab Dispos, 2022, 50
(10):1322-1331.

Wu K C, Lin C J. The regulation of drug-metabolizing en-
zymes and membrane transporters by inflammation: evi-

dences in inflammatory diseases and age-related disorders

HhEZG 2026 4E55 37 4245 20 41



[J]. J Food Drug Anal,2019,27(1):48-59.

2019,34(4):272-279.

[26] YuY K, Henrich C, Wang D E. Assessment of the drug- [33] Jover R, Bort R, Gomez-Lechon M J, et al. Down-
drug interaction potential for therapeutic proteins with pro- regulation of human CYP3A4 by the inflammatory signal
inflammatory activities[J]. Clin Transl Sci, 2023, 16 (6) : interleukin-6: molecular mechanism and transcription fac-
922-936. tors involved[J]. FASEB J,2002,16(13):1799-1801.

[27]  Simon F, Garcia J, Guyot L, et al. Impact of interleukin-6 [34] LiulJ L, Zhou F, Chen Q Y, et al. Chronic inflammation
on drug-metabolizing enzymes and transporters in intesti- up-regulates P-gp in peripheral mononuclear blood cells
nal cells[J]. AAPS J,2019,22(1):16. via the STAT3/NF-«B pathway in 2, 4, 6-trinitrobenzene

[28] Sawant-Basak A, Olabode D, Dai D, et al. Assessing sulfonic acid-induced colitis mice[J]. Sci Rep, 2015, 5:
trends in cytokine-CYP drug interactions and relevance to 13558.
drug dosing[J]. Drug Metab Dispos, 2024, 52(11) : 1196- [35] Al Meslamani A Z, Jarab A S, Merghani Ali Mohammed
1200. E. Al-enhanced therapeutic drug monitoring for vancomy-

[29] White C M, Sicignano D J, Smith K. Impact of interferons cin and -lactam antibiotics in critical care: from popula-
and biological drug inhibitors of IL-2 and IL-6 on small- tion PK to bedside algorithms[J]. Expert Rev Clin Pharma-
molecule drug metabolism through the cytochrome P450 col,2026,19(3):239-254.
system[J]. Ann Pharmacother,2022,56(2) : 170-180. [36] Samuels A, Irie K, Mizuno T, et al. Integrating early re-

[30] Agachi S, Beloukhova M, Mould D, et al. Inflammation- sponse biomarkers in pharmacokinetic models: a novel
mediated drug interactions of olokizumab and cytochrome method to individualize the initial infliximab dose in pa-
P450 activities in patients with rheumatoid arthritis[J]. Br tients with Crohn’ s disease[J]. Clin Transl Sci, 2025, 18
J Clin Pharmacol, 2024,90(11) :2811-2822. (2):€70086.

[31] Aliyu M, Zohora F T, Anka A U, et al. Interleukin-6 cyto- [37] Schack M, Rathert H, Bohnke J, et al. An open demonstra-
kine: an overview of the immune regulation, immune dys- tor for an interoperable clinical decision support system
regulation, and therapeutic approach[J]. Int Immunophar- for the detection of systemic inflammation and sepsis in
macol,2022,111:109130. pediatric intensive care[PP/OL]. medRxiv[2026-09-10].

[32] Okamura M, Shizu R, Hosaka T, et al. Possible involve- https : //www. medrxiv. org/content/10.64898/2026.08.04.26

ment of the competition for the transcriptional coactivator
glucocorticoid receptor-interacting protein 1 in the inflam-
matory signal-dependent suppression of PXR-mediated

CYP3A induction in vitro[J]. Drug Metab Pharmacokinet,

359683v1.
(e H A 2026-10-17 & 10] H . 2026-10-25)
(AR SCT G - GPEE5E)

Sl EHENE FEIE

it —F IR G2 RIS S Y A AR R TR 2 S A0 KR, BATHR S B RAE RIRE, R F) kI E i
B M E HALE R, ST, K E E ST AT EA MY KRG &R E LR R AR, B M B R A EA
J R Fe % A e X S aka, B F AR AR ER3 B R, A RAT A le R R 34 @ e AT BT R A $HLIE S Bk
B, B SGE ARE ABRENFANRAPELEEVEARREARREER ST ENRM TERGFHNEOBGEFF
RIAF) B R AER MR L S MEH T e FARASE S, A2 B B2 hmiX.

R F R A ARG T BARMT) AT R AR, FEATISERG E A e KA GRS
BRI BT, MAFA AL B #3545 5 42 VA G B IR 3 R F) 7 5 R uk IRk LR 2 R ol R R EIR G
WL, ARBKASEO AT LB L% 3 L5, LFRBRH—4%, 5 TR P RELE ROIMEEH T, EREEE
PLEENERELAERA, RARMERANERSFERNELRSERE SEALEHPREH HFEFHERSA
T3S BB R L TR ARG A IR L, S E 2 A A BCE R B FRET LA AR, K
F— AR A FREAAL KA E R LRy FRE L,

ARBWFE RO ZHENHIL, HFh E R AR TR T RS RAE" . AR M- LHNT RAGE—A
BB, FRE—AEEF TR A Z RN ERE S @R R, B REF 5 RAT LR RS B AR Kk, 7147
ERHFFRLE, RS IREE S T REREF AR BB TAERGFH R ELRAHE T,

TEZED; 2026 455 37 5 20 1

China Pharmacy 2026 Vol. 37 No. 20

-+ 2627 -



