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Research Progress of Pharmacokinetics Studies of Anti-tumor Drugs in Patients with Third Space Fluid
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ABSTRACT: Third space fluid(TSF) is a common complication of advanced malignancies, including malignant pleural effusion,
malignant ascites, intracranial effusion, and pelvic effusion, etc. The pharmacokinetics(PK) of anti-tumor drugs in vivo are
influenced by various factors, and TSF is one of the potential factors that contributes to PK variations, which may consequently
affect the efficacy and safety of anti-tumor drugs. This paper aimed to comprehensively investigate PK studies related to
anti-tumor drugs in patients with malignant tumors accompanied by TSF. The paper summarized the PK characteristics of
common cytotoxic drugs, small molecule targeted drugs, and monoclonal antibodies in both blood and TSF.

The results showed that the plasma concentrations of pemetrexed are similar between patients with or without TSF, with no
statistically significant differences observed in clearance(CL) and volume of distribution(V). The drug concentration in pleural
effusion is approximately half of that in plasma, and the half-life(#12) is similar. In patients with TSF, the concentration of
paclitaxel in ascites gradually increased within 24 h after administration, reaching levels similar to those in plasma. It remained
within the therapeutic concentration range for up to 72 h, and TSF don’t significantly impact the PK of paclitaxel. Docetaxel
reached its peak concentration in ascites approximately 7 h after intravenous administration. The ratio of drug concentration in
TSF to plasma concentration for doxorubicin is approximately 0.5. The metabolites of doxorubicin exhibited lower CL in the
peritoneal cavity compared to serum, leading to their accumulation in the ascites. In patients with ascites, the plasma drug
concentration of methotrexate is higher compared to those without ascites, although the difference is not statistically significant.
The drug concentration in ascites is higher than that in plasma within 6—12 h. The PK of methotrexate correlated with TSF and
renal function. The duration of 5-fluorouracil in pleural effusion is longer than in blood. The ratio of drug concentration area
under the curve(AUC) in pleural effusion to plasma AUC is 0.5. In patients with a higher volume of ascites, the peak
concentration of total platinum in plasma is lower for oxaliplatin. The ratio of AUC for total platinum in ascites to plasma is 0.26,
and the ratio of AUC for free platinum in ascites to plasma is 0.59. At 26 h after administration, the concentration of free
platinum in ascites is similar to that in plasma. The CL of topotecan exhibited significant interindividual variability, but there is
no difference in the same patient with or without TSF. The average lag time for drug entry into pleural and peritoneal effusions is
1.61 h. The concentration ratio of topotecan in TSF to plasma increased over time after administration. The ratio of AUC in TSF
to plasma is 0.55. The concentrations of gemcitabine and its metabolites are similar in patients with or without ascites.
Teniposide exhibits significant inter-individual variability in concentration within the abdominal effusion. Peak concentration is
achieved within 6 h after completing the infusion, and its elimination rate in the abdominal effusion is slower compared to the
serum. TSF led to a decrease in plasma concentrations of pazopanib and sunitinib, with drug accumulation occurring in ascites.
On the first and eighth days, the average penetration rate of erlotinib from plasma to pleural effusion is 18% and 112%,
respectively, while the average penetration rate of OSI-420, a metabolite of erlotinib, is 9.5% and 131%, respectively. With
repeated administration, erlotinib and OSI-420 significantly accumulated in pleural effusion. The concentration ratio of
ramucirumab in ascites to serum ranged from 0.24 to 0.35. The concentration ratio of nivolumab in ascites to serum ranged from
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0.17 to 0.55, and peritoneal drainage eliminated 15.3% to 30.3% of ramucirumab and 5.2% to 27.4% of nivolumab. The
concentration ratio of bevacizumab in ascites to serum ranged from 0.24 to 0.32, and peritoneal drainage eliminated 12% to 16%
of bevacizumab. The concentration ratio of rituximab in ascites to serum is 0.008 at 3 h and 0.15 at 24 h. The concentration ratio

of mogamulizumab in ascites to plasma ranged from 0.1 to 0.15.

In conclusion, it is important to consider the PK changes in patients with malignant tumors accompanied by TSF when
administering anti-tumor drugs clinically. For drugs with a narrow therapeutic window, monitoring concentrations, and then
draining TSF or adjusting dosage regimens based on therapeutic windows or effective trough concentrations is recommended.
This review provides a valuable reference for the safe and effective use of anti-tumor drugs in patients with malignant tumors

accompanied by TSF.
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Tab.1 Pharmacokinetics studies of cytotoxic drugs in third space fluid
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Tab. 2 Pharmacokinetics studies of small molecule targeted drugs and monoclonal antibodies in third space fluid

e

PIes 254 WHE PR B bk EEIES
ANTTRETE MR JEFIEF Krens 5520 FUCRE AR AR I TSF S80amsin e fEr e e 25k BE R B s 25 7e BT
21 ele BRI H L TR
JEHEF Masago 421 =/ MR i i ¥ fs R 9 TEEE 1 KMHS 8 K, JUIRE e M A B AR - 25

TR B EAGU/Y) Kaneko 55 B

HE i B 3

FERIH N 18%F1 112%, OSI-420 HIF215 1% 5505
A 9.5%1 131%; EELZN, JLIEE e 0SI1-420 #£
e s B v AR

P L 7R N RO P R S T R E D 0.24~

v 0.35, GNRFNIL BT I s BRI Hh ok BE 5 1l i P vk L
fHR 0.17~0.55; HE s HER AT 4 BT 15.3%~30.3%HY
TR BB 5.2%~27.4% AN EF) L Bt
DURERBAYT  Kaneko 22 FH&EmiE i s RO L DUk b 7 16 R b vk B2 55 1009 P vk B L AE R
0.24~0.32; R HEBATIHER 12%~16%11 DL ARER B3
FIZA AT Hiroshima %24 y&3a M B 400 MR 1 25948 3 h i RS BB Hh ok B2 5 il v VR B2 LB A 0.008,
T R 1E 24 h }24 0.15
SRS FIERAHT  Shima 2525 I NG N1 =9 52 1 SRR b 7 I R B vk B 5 i e v i B LU A R
93 /0K T3 0.1~0.15
-1600 - Chin J Mod Appl Pharm, 2023 June, Vol.40 No.12 rpE B FH 252 2023 4F 6 A5 40 55 12 3



Pio Z9W7E 3 h I R R B S I3 R B L
{4 0.008, 7 24 h Bk 0.15, FIZ B4k 3 d
5, MEEFEIEIR . Bk, FIZH Aha] MG
ORI A FE R, T BE X IE s AR R LA TR YT
EH
3.4 BIREFIER ST

B AR BT AL CC kIR 21k 4
AT REPUIAR, 3 TR R 2R I el FE L L LR AR
SRR T AR . Shima ZEPSHRGE T 1 M
TAPERN T A A /b LR i R, BRIk T
SRR BPT(1.0 mg-kg™!, qw, ivgtt), JRIF LR
W R & A IR I U . BEAS AR SAPTLE IR I B R
(AU 5 I 2% e B HUAE R 0.1~0.15, Shima 2529
PEH, SRS RIBR BT AT BRI 51 K i A IR B
() KR 22—

T HTE EPUARTE TSF 1) PK WS RN 45 5 0,
2,
4 INEE

TSF & M0 g o WY JF ez —, Af
RS ML I8E 250 1 PKARRAE | L 28 5% it e 25
YITT RO & 4 . ARWIFSE I8 I 2554 40 i 5 2590
NGB 2 . B SERE ST SRR I 25 e
PR AE TSF B0 PR BFss b, BgsHAE
HBF M TSF P Ay PK ARAE, JH4R1T TSE %2
Y1 PK W5 G55 B, PR 259 il 2 ARG A
PEA TSF wy Hop, ZZRHA . meii)e . &7)¢
BIRABIEEEE YR v iedE TSF W&
G YRR 2 bt 25 ik A TSF i,
X TSF HAVRIFVER ; 1 TSF 78 ] S Z0fmeif e |
EP IR JE G2 W i i 2 vk I B R R, s AT
IR TR

PRI, B TSF fE8E, N
HythgE 2590 PK 281k, XFFIRITE A 25,
FEVGHATIM 2GR B WE, HRas A 2RIy A
R R BE SR R AT 3 4 1) HE VA B 4 2 7 R
# o ARZERNAEMEE M TSF IEE L e, A
RN S 2 P 52

REFERENCES

[11 LIJX,SHIY M, AN L Y, et al. Quality assessment of the
guidelines for the management of malignant pleural effusions
and ascites[J]. World J Surg Oncol, 2020, 18(1): 331.

[21 ROBERTS M E, NEVILLE E, BERRISFORD R G, et al.
Management of a malignant pleural effusion: British thoracic

P E BN 22 2023 4F 6 58 40 55 12

[3]

(4]

[3]

(6]

(7

[8]

[9]

[10]

(1

(12]

[13]

[14]

[15]

[16]

[17]

society pleural disease guideline 2010[J]. Thorax, 2010,
65(Suppl 2): ii32-ii40.

BARNI S, CABIDDU M, GHILARDI M, et al. A novel
perspective for an orphan problem: Old and new drugs for the
medical management of malignant ascites[J]. Crit Rev Oncol
Hematol, 2011, 79(2): 144-153.

BECHTOLD B, CLARKE J. Multi-factorial pharmacokinetic
interactions: Unraveling complexities in precision drug
therapy[J]. Expert Opin Drug Metab Toxicol, 2021, 17(4):
397-412.

DICKGREBER N J, SORENSEN J B, PAZ-ARES L G, et al.
Pemetrexed safety and pharmacokinetics in patients with
third-space  fluid[J]. Clin Cancer Res, 2010, 16(10):
2872-2880.

HONORE P H, JOENSEN S J, OLSEN M, et al. Third-space
fluid distribution of pemetrexed in non-small cell lung cancer
patients[J]. Cancer Chemother Pharmacol, 2014, 74(2):
349-357.

KOBAYASHI M, SAKAMOTO J, NAMIKAWA T, et al.
Pharmacokinetic study of paclitaxel in malignant ascites from
advanced gastric cancer patients[J]. World J Gastroenterol,
2006, 12(9): 1412-1415.

JOERGER M, HUITEMA A D, VAN DEN BONGARD D H,
et al. Quantitative effect of gender, age, liver function, and
body size on the population pharmacokinetics of Paclitaxel in
patients with solid tumors[J]. Clin Cancer Res, 2006, 12(7 Pt
1): 2150-2157.

TAMEGAI H, KAIGA T R, KOCHI M, et al
Pharmacokinetics of docetaxel in gastric cancer patients with
malignant ascites[J]. Cancer Chemother Pharmacol, 2013,
71(3): 727-731.

LAZO J S, SCHWARTZ P E. Rapid distribution of
adriamycin in the ascitic and pleural fluid of women with
ovarian carcinomas[J]. Gynecol Oncol, 1985, 21(1): 65-72.
GOTLIEB W H, BRUCHIM I, BEN-BARUCH G, et al.
Doxorubicin levels in the serum and ascites of patients with
ovarian cancer[J]. Eur J Surg Oncol EJSO, 2007, 33(2):
213-215.

DONEHOWER R C, ROSENSHEIN N B, ROTMENSCH J,
et al. Sequential methotrexate and 5-fluorouracil in advanced
ovarian carcinomal[J]. Gynecol Oncol, 1987, 27(1): 90-96.
PAULEY J L, PANETTA J C, SCHMIDT J, et al. Late-onset
delayed excretion of methotrexate[J].
Pharmacol, 2004, 54(2): 146-152.
WRIGHT K D, PANETTA J C, ONAR-THOMAS A, et al.

Delayed methotrexate excretion in infants and young children

Cancer Chemother

with primary central nervous system tumors and postoperative
fluid collections[J]. Cancer Chemother Pharmacol, 2015, 75(1):
27-35.

WAGNER T. Die pharmakokinetik von S5-fluorouracil und
seine permeation in pleuraerglisse Bei der therapie des
metastasierenden mamma-karzinoms[J]. Oncol Res Treat,
1984, 7(1): 22-26.

KOCHI M, FUJIT M, KANAMORI N, et al. Pharmacokinetics
of oxaliplatin in gastrointestinal cancer patients with malignant
ascites[J]. J Chemother, 2011, 23(1): 28-31.

GELDERBLOM H, LOOS W J, VERWEIJ J, et al. Topotecan

Chin J Mod Appl Pharm, 2023 June, Vol.40 No.12 - 1601 -



[18]

[19]

[20]

[21]

-1602 -

lacks third space sequestration[J]. Clin Cancer Res, 2000, 6(4):
1288-1292.

DELAUTER B J, RAMANATHAN R K, EGORIN M J, et al.
Pharmacokinetics of gemcitabine and 2', 2'-difluorodeoxyuridine
in a patient with ascites[J]. Pharmacotherapy, 2000, 20(10):
1204-1207.

CANAL P, BUGAT R, MICHEL C, et al. Pharmacokinetics of
teniposide (VM 26) after IV administration in serum and
malignant ascites of patients with ovarian carcinomalJ].
Cancer Chemother Pharmacol, 1985, 15(2): 149-152.

KRENS S D, MULDER S F, VAN ERP N P. Lost in third
space: Altered tyrosine-kinase inhibitor pharmacokinetics in a
patient with malignant ascites[J]. Cancer Chemother
Pharmacol, 2022, 89(2): 271-274.

MASAGO K, TOGASHI Y, FUKUDO M, et al. Plasma and
pleural fluid pharmacokinetics of erlotinib and its active
metabolite OSI-420 in patients with non-small-cell lung cancer
with pleural effusion[J]. Clin Lung Cancer, 2011, 12(5):

307-312.

Chin J Mod Appl Pharm, 2023 June, Vol.40 No.12

[22]

[23]

[24]

[25]

KANEKO T, DOKI K, YAMADA T, et al. Distribution of
therapeutic monoclonal antibodies into ascites in advanced
gastric cancer patients with peritoneal metastasis: Case reports
and literature review[J]. Cancer Chemother Pharmacol, 2022,
90(5): 421-426.
KANEKO T, DOKI K, YAMADA T, et al. Bevacizumab
distribution into ascitic fluid decreases serum drug exposure: A
case of metastatic colon cancer[J]. Ther Drug Monit, 2021,
43(6): 813-814.
HIROSHIMA Y, TAJIMA K, SHIONO Y, et al. Rituximab
pharmacokinetics in ascites and serum in the treatment of
follicular lymphoma with massive ascites[J]. Ann Hematol,
2012, 91(9): 1499-1500.
SHIMA T, KAMEZAKI K, HIGASHIOKA K, et al. Ascites
retention during mogamulizumab treatment in a patient with
adult T-cell leukemia/lymphoma[J]. Intern Med, 2016, 55(13):
1793-1796.

Wehi B 2023-05-25

(B3CTih: ZHIT)

rh I AR FH 224 2023 47 6 A4 40 555 12 11



