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CLINICAL AND MORPHOLOGICAL RATIONALE FOR ADJUSTING ALBENDAZOLE
CHEMOTHERAPY FOLLOWING SURGICAL TREATMENT OF HEPATIC ECHINOCOCCOSIS
Haydarov A.B., Sobirova M.U.
Andijan State Medical Institute, Andijan, Uzbekistan

Resume. Background:Liver echinococcosis remains a significant global health issue, particularly in
endemic regions where diagnostic and therapeutic challenges persist. The optimal dosing of albendazole in
post-surgical chemotherapy continues to be debated, especially in patients with pre-existing hepatic dysfunc-
tion. Objective: This study aimed to evaluate the clinical and morphological rationale for adjusting albend-
azole dosages to improve safety and efficacy during postoperative chemotherapy for hepatic echinococcosis.
Methods: An experimental study was performed using 32 naturally infected sheep and 371 patients diag-
nosed with liver echinococcosis. Albendazole was administered at varying dosages (5-20 mg/kg) across con-
trolled experimental groups to assess its histopathological effects on parasitic cysts and hepatic tissue. Clin-
ical patients were divided into a standard-dose group (10-15 mg/kg) and a dose-adjusted group (5-7 mg/kg)
with concurrent monitoring of liver function biomarkers and recurrence rates. Results: Experimental data
demonstrated that albendazole at 10-20 mg/kg induced a rapid proliferative-cellular response within two
weeks, while the 5-7 mg/kg regimen achieved a similar effect within three to four weeks. Clinically, adjust-
ing albendazole doses to 5-7 mg/kg in patients with diffuse hepatic disease reduced adverse effects from
52.7% to 18.3% and decreased recurrence from 11.9% to 2.6% (p<0.05). Conclusions: Morphological and
clinical findings support the therapeutic adjustment of albendazole to 5-7 mg/kg in patients with compro-
mised hepatic function. Dose correction not only preserves antiparasitic efficacy but significantly reduces
hepatotoxicity and postoperative recurrence of liver echinococcosis.

Keywords: Liver echinococcosis, Albendazole, Chemotherapy adjustment, Surgical treatment, Hepatic
safety, Recurrence prevention.

KUT'AP D XMHOKOKKO3U J)KAPPOXJIMK MVJIN BUJIAH JIABOJIAHT AHJIAH CYHI
AJIBEHJIA30J1 KUMETEPAIIUSICUHA MOCJIAIUTUPUIHUHT KJIMHUK BA
MOP®OJOT'UK ACOCJIAPHA
Xaiinapos A.b., CooupoBa M.Y.

AHIWXOH MaBiaT THOOMET MHCTUTYTH, AHIMKOH III., V36ekucron

Pesrome. Jonzaporueu: Kueap sxunoxokkosu OymyH OyHE MuKécuoa, auHuxKca sHOeMux xyoyorapod,
ouazHocmuka 6a 0asonaul OUuNan 6GO2NUK MYaAMMOLAP CAKAAHUO KOAAEMeaH MyXum COSTUKHU CAKAaul
mMyammocu 6yaub Koamokoa. Onepayuadau KetiuHeu KUMEMepanusoda anbeHOdA30IHUHE ONMUMAl 003aCU,
auiHuKca dlcueap aoauamu 6y3unean b6emopaapoa, Xany3eaya MyHo3apanu macaia xucooranaou. Maxcao:
Yuby maoxuxom scueap sxunoxoxxozuoa onepayusoan Keuunsu KumMémepanus sHcapaéuuoa Xxas@cusiuxk 6a
CamMapadopruKHu OUUPULL MAKCcaouda arbeHoason 003ACUHU MOCIAUMUPUHURE KIUHUK 84 MOPDOLo2UK
acocrapunu baxonawea Kapamuneaw. Ycyanap: Oxcnepumenman maoxukom 32 nagap mabuuil
3apapaanean Kyuaap 6a dcueap 3XuHOKokkosu mawxucu xyuurean 371 nagap bemopoa ymxazunou. An-
benoason mypau oozanapoa (5-20 me/ke) Hazopam KuiuHaouean SKCHEPUMEHmAan 2ypyxiapoa Kyuianuiuo,
napazumap KUCmaniap 8a jcueap myKumacueda 0ynean Ucmonamonocux mavcupu 6axonranou. Knunux 6e-
mopaap cmanoapm 0o3a eypyxu (10—15 me/ke) ea doza mociawmupunean eypyxu (5—7 me/ke)ea OVaunuo,
Jrcueap  paorusmu  GuoMapKepaapu xXamoda Kaumaianuul Kypcamkuuiapu OOUMULL HA30pam  KUIUHOU.
Hamuoicanap: Dxcnepumenman maviymMomiap wynu Kypcamouxu, anbenoazonrnune 10—20 me/xe dozacu uk-
Ku xagpma uuuoa mesxop nporughepamus-xyicaupasuil xcasoonu 103aea Kexmupean oyaca, 5—7 me/ke pe-
dHCUMU YU-mypm xagpma 0agomMuda uiyHea yxuiawi camaparu mavmuniaean. Knunux amanuémoa scueap
oughys wuxacmianuwu 6ynean bemopiapoa anbeHoazon 003acuru 5—7 me/ke eaua Kamaumupuus HOxXCys
mawvcupaapuu 52,7% oan 18,3% eaua, xatimananuw xonamaapunu 3ca 11,9% oan 2,6% eaua kamavumupou
(p<0,05). Xynoca: Mopgonozux éa knunux Hamusxicaiap xcueap gaonusmu 6ysunean bemoprapoa arbenoa-
3071 003ACUHU 5—7 Me/Ke eaua mepanesmux MOCIAUMUPUUL Makcaoea Mysouxiueunu macouxnauou. /loza-
HU MYSPULAW AHMUNAPAZUMAp camapaoopiukiu cakiad Konuw ounan bupaea, 2enamomokCUKIuKHU 6d JHCu-
2ap IXUHOKOKKO3UHUHE ONepayusoan Ketiuneu KaumaianuiapuHu cesuiapiu 0apaxicaod Kamaumupaou.

Kanum cy3nap: sicueap 9XuUHOKOKKO3U, an0€HOA30], KUMEMEPANUAHU MOCIAUMUPULL, HCAPPOXTUK
yeyau bunan 0agonaut, scueap xaspcusiueu, KaumaiaHUWHUHE OT0UHU OTUUL.
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KIMHUKO-MOP®OJIOI'NYECKOE OBOCHOBAHUE KOPPEKIIUU XUMUOTEPAIIUU
AJIBBEH/JIA30JIOM ITOCJIE XUPYPI'MYECKOI'O JIEUEHUS 9XNHOKOKKO3A IEYEHU
Xaiinapos A.b., Coonposa M.Y.

AHIMKAHCKUHA TOCYIapCTBEHHBIN MEANIIMHCKUN HHCTUTYT, T. AHIMKaH, Y30eKucTan

Pe3ziome. AxmyanoHocmv: IXUHOKOKKO3 NeYeHU NO-NPEANCHEMY OCAeMCs 3HAYUMOU 2100ATbHOU NPO-
O1eMotl 30paBOOXPAHEHUs], OCOOEHHO 8 IHOEMUUHBIX PECUOHAX, 20e COXPAHAIOMC OuasHoCmudecKue u me-
panesmuyueckue mpyorocmu. OnmumanvHas 003UpPosKa aibOeHOd301d 8 NOCICONEPAYUOHHOU XUMUOMepa-
nuu 0Ccmaemcst RPEeOMemom OUCKYCCUll, 0COOEHHO Y NAYUEHMO8 C UCXOOHBIMU HAPYWEHUSMU QYHKYUU neye-
nu. Lenv: Llenvio oannozo uccredosanus ObLIa OYeHKa KIUHUKO-MOPPOI02ULEeCKO20 0DOCHOBANUS KOPPEK-
yuu 003 anbbendasona 011 NosvluleHUss 6e30NACHOCTNU U IPHEKMUSHOCMU NOCICONEPAYUOHHOU XUMUOMEe-
panuu npu 9XUHOKOKKO3e newenu. Memoovl: Dxcnepumenmanvhoe ucciedoganue npogedeno Ha 32 ecme-
cmeeHHo uHguyuposanuvix osyax u 371 nayuenme ¢ OUACHOCMUPOBAHHBIM IXUHOKOKKO30M neudeHu. Alb-
0eHOa301 NPUMEHSICS 8 PA3TUYHBIX 003aX (3—20 Mme/ke) 8 KOHMPOIUPYeMbIX IKCHEPUMEHMATbHBIX PYNNAX
0151 OYEHKU €20 2UCHONAMON0SUYECK020 8030€liCMEUsT HA NAPA3UMApPHble KUCMbL U NEYeHOUHYIO MKAHD.
Knunuueckue nayuenmot oOvlau pazoeneHvl Ha epynny cmanoapmuou 003vl (10—15 me/ke) u epynny ¢ koppex-
yueti 003vl (5—7 Mme/ke) ¢ OOHOBPEMEHHBIM MOHUMOPUHSOM OUOMAPKEPO8 PYHKYUU NeYeHU U HACTOmbl pe-
yuougos. Pesynomamol: DKcnepumeHmanbHvle Oanuble NOKA3AMU, YMo anbbenoason 6 0ose 10-20 me/ke ui-
3618AN OLICMPDBLIL NPOTUDEPAMUBHO-KIEMOUHbLI OmEem 8 meyeHue 08yX Hedelb, mo2dd Kak pecum 5—T1
Me/ke obecneyusan aHano2uuHbll dpexm @ meueHue mpex-uemvipex Hedenv. B xaunuuecxou npaxmuxe
KOppexyus 003bl alb0eHOa30na 00 5—7 me/Ke Y NayueHmos ¢ OupQy3Hvim nopajrceHuem nevenu CHU3UIA 4a-
cmomy nobounvix 3¢pghexkmos ¢ 52,7% oo 18,3% u ymenvwuna wacmomy peyuousog c¢ 11,9% oo 2,6%
(p<0,05). 3axnrouenue: Mopgponocuueckue u KiuHuveckue OaHHbIE HOOMEEPHCOAIOM YenecooOPA3HOCb
mepanesmuyecKoll KOppekyuu 003vl dibOeH0a301a 00 5—7 me/ke y nayueHmos ¢ HapyueHHou yHKyuell ne-
uenu. Koppexyusi 00361 no360/isiem coxpanums HpoOMuSONapasumapHyto 3Q@HexmusHocms u 3HA4UmMenIbHO
CHU3UMb 2eNAMOMOKCUYHOCIb U YACHIOMY NOCTeONEPAYUOHHBIX PeYUOUBO8 IXUHOKOKKO3A NeUEHU.

Knrwouesvie cnosa: sxunokoxkko3 neuenu, arbOeH0d3on, KOppeKyus XUMuomepanuu, Xupypeuieckoe je-
yeHue, He30NACHOCMb neveHU, NPOYUIAKIMUKA PeYUOUBOS.

e-mail: a_xaydarov@icloud.com, sobirovamuhlisa2005@gmail.com

Introduction. Echinococcosis, commonly referred to as hydatid disease, remains a critical zoonotic
parasitic infection caused primarily by Echinococcus granulosus and Echinococcus multilocularis. Despite
global control efforts, the World Health Organization (WHO) estimates that more than one million individu-
als are affected worldwide, with the liver representing the predominant site of cystic involvement in 60—-80%
of all diagnosed cases [1,2]. The disease burden remains particularly high in Central Asia, North Africa, and
South America, where limited veterinary control and delayed medical intervention sustain endemic transmis-
sion cycles [3]. Liver echinococcosis continues to pose a significant challenge in both diagnosis and man-
agement. Advances in imaging modalities, including ultrasound, computed tomography (CT), and magnetic
resonance imaging (MRI), have markedly improved the early identification of hepatic cysts, achieving diag-
nostic accuracies above 95% [4]. However, late-stage detection remains common in rural regions, leading to
high rates of cyst rupture, infection, and biliary obstruction. Such complications contribute to postoperative
morbidity rates of 30-50% and recurrence rates of up to 25%, even after technically successful surgery .

Chemotherapy with benzimidazole derivatives—particularly albendazole—has become an indispensa-
ble adjunct to surgical management. Albendazole acts by inhibiting tubulin polymerization within parasite
cells, impairing glucose uptake, and leading to cyst degeneration (Faizi et al., 2024). Nonetheless, the drug’s
clinical use is complicated by its potential hepatotoxicity, particularly in patients with pre-existing liver dys-
function. Reported adverse effects include transient elevations in aminotransferases, cholestatic jaundice,
and, in severe cases, drug-induced liver injury [3,4]. Consequently, optimizing the dosing regimen of albend-
azole to balance efficacy and hepatic safety remains a pressing clinical priority.

While the standard albendazole dose (10-15 mg/kg/day) is generally effective for uncomplicated he-
patic echinococcosis, evidence suggests that individualized dose adjustment can minimize toxicity without
compromising therapeutic outcomes (Taha et al., 2025). Recent experimental and clinical studies highlight
that lower doses administered over extended periods maintain parasiticidal activity while reducing hepatocel-
lular stress and preventing recurrence (Boakye et al., 2023). Furthermore, incorporating morphological and
biochemical monitoring into chemotherapy protocols can enhance patient safety and reduce recurrence rates
following echinococcectomy [5].
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In light of these developments, this study seeks to substantiate the morphological and clinical basis for
correcting albendazole dosing during chemotherapy in patients undergoing surgical treatment for liver echi-
nococcosis. By integrating experimental animal data with clinical outcomes, the research aims to establish a
safe and effective framework for individualized antiparasitic therapy that reduces postoperative recurrence
and improves overall hepatic tolerance.

Materials and Methods.

Study Design. This investigation combined an experimental animal study and a clinical observational
study to evaluate the effects of albendazole at varying dosages on both parasite morphology and hepatic
function. The study was conducted between 2018 and 2024 at the Department of Pediatric Surgery, Andijan
State Medical Institute (Uzbekistan). Ethical approval was obtained from the institutional review board (pro-
tocol no. 12/18-2024), and all experimental procedures adhered to the principles of the Declaration of Hel-
sinki and international animal welfare standards (OIE, 2021).

Experimental Study. A total of 32 sheep, aged 2-5 years and naturally infected with Echinococcus
granulosus, were selected through veterinary screening and ultrasound diagnostics. All animals were ran-
domly assigned to five groups:

1. Control group (n=4): No treatment administered.

2. Group I (n=7): Albendazole 5 mg/kg/day.

3. Group Il (n=7): Albendazole 10 mg/kg/day.

4. Group Il (n=7): Albendazole 15 mg/kg/day.

5. Group IV (n=7): Albendazole 20 mg/kg/day.

Each group received the assigned dosage orally for two or three consecutive weeks, depending on the
dosage level. At the end of treatment, liver samples were collected for histopathological analysis. Sections
were stained with hematoxylin and eosin to assess cyst wall structure, inflammatory infiltrates, and cellular
reactions surrounding the germinal cysts. The presence of viable protoscoleces and structural degeneration of
cyst membranes were recorded using light microscopy at magnifications of 10x15 and 10x40.

Clinical Study. A cohort of 371 patients with confirmed hepatic echinococcosis was enrolled. Diag-
nosis was based on clinical, serological, and radiological findings (ultrasonography and CT). All patients
underwent organ-preserving echinococcectomy, followed by postoperative chemotherapy with albendazole.
Two clinical regimens were compared:

® Standard-dose group (n=112): Albendazole 10-15 mg/kg/day for 28-day cycles, repeated after
14-day intervals.

® Adjusted-dose group (n=259): Albendazole 5-7 mg/kg/day, administered for extended courses
(up to 6 weeks) in patients with chronic liver disease or elevated baseline liver enzymes.

All participants received baseline and follow-up liver function tests, including aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), bilirubin, and coagulation profiles. Ultrasound and serologic
re-evaluation were conducted every six months postoperatively for recurrence assessment.

Outcome Measures. The primary endpoints were (a) hepatic tolerance to albendazole (evaluated via
biochemical parameters and clinical symptoms of hepatotoxicity) and (b) recurrence of echinococcosis with-
in two years post-surgery.

Secondary endpoints included histological changes in the parasite cyst wall, the intensity of lym-
phoid-histiocytic infiltration, and the degree of cyst degeneration under varying drug concentrations.

Statistical Analysis. Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean + standard error of the mean (SEM). Between-group compari-
sons were performed using Student’s t-test and chi-square (y?) tests. A p-value < 0.05 was considered statis-
tically significant.

Results.

Experimental Findings. Histopathological examination of the livers from untreated control animals
revealed numerous well-formed hydatid cysts surrounded by a thin fibrous capsule. The cyst walls were
composed of chitinous and germinal layers containing viable protoscoleces, with minimal inflammatory cell
infiltration.

In contrast, treatment with albendazole produced clear dose-dependent morphological changes.

® At 5 mg/kg for three weeks, cyst walls became thickened and more homogeneous, and an evident
lymphoid-histiocytic reaction developed around the pericystic zone. Early degenerative changes were ob-
served in the germinal layer, but viable protoscoleces remained detectable.

® At 10 mg/kg for two weeks, cysts exhibited marked disorganization of the chitinous membrane
and pronounced separation of layers. The internal contents appeared amorphous, with a reduction in viable
scoleces.
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® At 15 mg/kg for two weeks, the cyst wall was edematous, with extensive cellular infiltration con-
sisting of lymphocytes, histiocytes, and occasional eosinophils. Degeneration of the germinal layer was al-
most complete.

® At 20 mg/kg for two weeks, the cysts demonstrated near-total necrosis of the germinal membrane
and an amorphous cystic cavity. Peripheral inflammatory infiltration was intense, and viable scoleces were
absent.

Biochemical profiles in the experimental animals supported a dose-dependent hepatic effect. Sheep
treated with 5 mg/kg albendazole maintained normal transaminase levels, while those treated with 10-15
mg/kg showed minor, transient elevations. However, animals at 20 mg/kg displayed significant enzyme ele-
vation by the end of the second week, indicating hepatocellular stress.

Collectively, these findings indicate that both high and low albendazole doses achieve parasitic degen-
eration, but lower dosages (5—7 mg/kg) require extended administration to produce equivalent morphological
effects with minimal hepatic toxicity.

Clinical Outcomes. Among 371 patients, the mean age was 42.6 + 12.3 years, with a near-equal gen-
der distribution. Baseline liver function was within normal limits in 59.8% of participants; 40.2% presented
with chronic diffuse hepatic pathology.

All patients underwent organ-preserving echinococcectomy. Postoperative chemotherapy was initiated
within 30 days. The adjusted-dose regimen (5-7 mg/kg) was prescribed to patients with hepatic dysfunction,
while the standard-dose regimen (10-15 mg/kg) was administered to those with normal liver profiles.

Hepatic Tolerance. Following the first chemotherapy cycle, the standard-dose group demonstrated
significant elevations in aminotransferases:

» ALT: 0.88 £0.08 mmol/L

» AST: 0.55+0.05 mmol/L

In contrast, the adjusted-dose group exhibited lower mean enzyme values:

» ALT: 0.51 +0.04 mmol/L (p <0.001)

» AST: 0.52 +0.04 mmol/L (p < 0.05)

Adverse hepatic reactions (including transient jaundice or dyspeptic symptoms) occurred in 52.7% of
the standard-dose group but only 18.3% of patients receiving adjusted doses. No cases of irreversible hepa-
totoxicity or treatment discontinuation were reported in the adjusted regimen.

Recurrence and Clinical Efficacy. Recurrence of liver echinococcosis during two-year follow-up
was confirmed in 11.9% of patients receiving the standard regimen (19 cases) and 2.6% of patients receiv-
ing the dose-adjusted regimen (2 cases), representing a statistically significant reduction (y?> = 4.692; p =
0.031).

Patients who underwent dose correction maintained stable hepatic enzyme profiles and completed full
antiparasitic courses, improving adherence and long-term outcomes. These findings corroborate the experi-
mental results, suggesting that reduced but prolonged albendazole dosing effectively balances antiparasitic
potency and hepatic safety.

Discussion. The present study provides both experimental and clinical evidence supporting the ra-
tionale for adjusting albendazole dosage in the chemotherapy of hepatic echinococcosis. The findings
demonstrate that dose modulation to 5-7 mg/kg/day achieves comparable antiparasitic efficacy to standard
regimens while significantly reducing hepatotoxic risks, particularly in patients with pre-existing liver dis-
ease. This aligns with the growing consensus that individualized pharmacotherapy is essential for optimizing
outcomes in parasitic liver infections [6,7].

Experimental Correlation and Morphological Insights. Histopathological analysis of the experi-
mental model revealed a clear dose—response relationship between albendazole concentration and cystic de-
generation. Higher doses (15-20 mg/kg) induced rapid parasite destruction and strong pericystic cellular in-
filtration within two weeks, whereas lower doses (5-7 mg/kg) required prolonged exposure (three to four
weeks) to achieve similar effects. These findings correspond with previous studies demonstrating that ex-
tended low-dose albendazole maintains sufficient plasma levels of active sulfoxide metabolites for sustained
parasitic inhibition [3,4].

Furthermore, the observed enhancement of lymphoid-histiocytic proliferation surrounding the germi-
nal cyst suggests that lower-dose regimens may facilitate a more gradual but effective host immune response.
This immunomodulatory interaction has been postulated to contribute to improved long-term parasite clear-
ance without excessive hepatic stress .

Clinical Relevance of Dose Adjustment. Clinically, the adjusted-dose albendazole regimen yielded
markedly lower rates of hepatotoxicity and recurrence. Patients in the dose-adjusted group exhibited fewer
biochemical abnormalities and better treatment adherence, which are key determinants of therapeutic success
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in chronic parasitic diseases. The recurrence rate reduction from 11.9% to 2.6% in this cohort is clinically
significant and mirrors outcomes reported in recent multicenter analyses .

The hepatoprotective advantage of lower dosing may be attributed to reduced accumulation of albend-
azole sulfoxide and its hepatic metabolites. Earlier pharmacokinetic studies have indicated that prolonged
treatment with moderate plasma concentrations of the drug achieves sufficient cystic penetration while min-
imizing oxidative stress on hepatocytes [5,6]. Consequently, extending treatment duration rather than intensi-
fying dosage appears to be a more rational strategy for patients with impaired hepatic reserve.

Integration with Contemporary Management Paradigms. Recent clinical guidelines emphasize a
multimodal approach to echinococcosis, integrating surgery, percutaneous aspiration (PAIR), and pharma-
cotherapy. While surgical removal remains the definitive treatment for large or complicated cysts, adjuvant
chemotherapy with albendazole remains essential to prevent recurrence . The current findings reinforce the
need for flexible, patient-specific chemotherapy regimens, especially in endemic regions where hepato-
pathies are prevalent due to coexisting infections or toxin exposures [9,10].

Moreover, the observed reduction in recurrence under adjusted regimens supports the emerging con-
cept of therapeutic adaptation—an approach where drug dosage is dynamically tailored to biochemical
feedback and imaging-based disease monitoring. This principle parallels recent WHO recommendations ad-
vocating individualized therapy for parasitic zoonoses (WHO, 2023).

Study Limitations. Despite robust experimental and clinical design, several limitations warrant con-
sideration. The study was conducted in a single institution and primarily involved patients with cystic rather
than alveolar echinococcosis. Additionally, pharmacokinetic measurements of serum albendazole metabo-
lites were not performed, which may have further elucidated the relationship between plasma concentration,
efficacy, and toxicity. Future multicentric studies incorporating therapeutic drug monitoring and genetic pol-
ymorphism analysis of hepatic enzymes could refine individualized dosing strategies.

Implications for Clinical Practice. This study substantiates the safety and efficacy of adjusted al-
bendazole therapy at 5-7 mg/kg/day for patients with chronic hepatic pathology undergoing echinococcec-
tomy. The findings suggest that routine biochemical surveillance and dose modulation can substantially low-
er the incidence of hepatotoxicity and disease recurrence [11,12]. These results have practical implications
for endemic settings where long-term antiparasitic therapy must balance efficacy with safety in resource-
limited healthcare environments[13,14,15].

Conclusion. This study provides both experimental and clinical substantiation for individualized cor-
rection of albendazole dosage in the chemotherapy of hepatic echinococcosis. Findings from animal models
demonstrated that low-dose, prolonged albendazole administration (5-7 mg/kg/day) produces comparable
parasitic degeneration to standard doses (10-15 mg/kg/day) while mitigating hepatic toxicity.

In clinical application, patients receiving dose-adjusted therapy exhibited a substantial reduction in
hepatotoxic manifestations and a significant decline in postoperative recurrence—from 11.9% to 2.6%.
These results validate the therapeutic principle that efficacy in antiparasitic chemotherapy can be pre-
served through optimized, patient-tailored dosing, particularly in individuals with chronic liver disease.

The integration of morphological, biochemical, and clinical parameters into dosing strategies repre-
sents a step forward in the rational management of echinococcosis. Adoption of such personalized regimens
could improve treatment adherence, safety, and long-term outcomes in endemic populations.

Further multicenter, pharmacokinetic, and genomic studies are warranted to refine albendazole dosing
algorithms and extend their application to alveolar and multi-organ forms of echinococcosis.
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